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INTRODUCTION

This guide provides information and walkthroughs for migrating existing LabVIEW Communications 1.1
applications to LabVIEW Communications 2.0. If you prefer to migrate over an existing application, this
guide addresses known issues that may arise in the process. If possible, it is recommended to start with
a new project in 2.0 and duplicate the original project in the newer version.

For an overview of new features and changes in LabVIEW Communications 2.0, see the New Features
and Changes topic online.

HOW TO USE THIS GUIDE

This document is divided into the following main topics:

e 802.11 Application Framework
e LTE Application Framework

e USRP Projects

e FlexRIO Projects

e General Projects

Each section discusses the required steps to migrate that specific type of project. For example, if you
would like to migrate a USRP streaming project, you should navigate to the USRP Projects section for
guidance. If your project does not fall into the first three categories listed above, you should navigate to
the General Projects section. Each section is meant to be self-contained and used independently of the
others, so redundant information may be included in multiple sections.

Note: Always back up a copy of the original project before attempting any migration efforts.


http://www.ni.com/documentation/en/labview-comms/2.0/manual/new-features/
http://www.ni.com/documentation/en/labview-comms/2.0/manual/new-features/

802.11 APPLICATION FRAMEWORK

This section describes the necessary steps to reuse a project that was created based on the 802.11
Application Framework v1.1 (created in LabVIEW Communications 1.1) in LabVIEW Communications 2.0.

The section includes the following steps, each with their own subsection:

Reconfigure the Xilinx IP cores

Update “802.11 Internal Loopback Throttle Control.gcdl”
Migrate to the new USRP interface

Update host-side DMA FIFO's

PonN -

RECONFIGURE THE XILINX IP

SCOPE

Because the FPGA compile tools uses a new Xilinx Vivado Toolchain version, all Xilinx IP cores must be
updated to the new version. By configuring the IP cores again, the dependencies are regenerated
ensuring that they will be compatible with the latest Vivado version to ensure successful compilations.

WHICH FILES ARE AFFECTED?
e All FPGA GCDL files which include a Xilinx IP core
The affected files can be found by completing the following steps:

1. Create a backup of your project.
2. Open your project in LabVIEW Communications 2.0.
3. Click Yes to convert as shown in Figure 1.

The version of this project is older than the current application. Do you
want to convert the project and automatically update and save your VIs?
This operation cannot be undone and it is recommended that you make a
copy of your project and files before proceeding.

Figure 1: Convert? Dialog
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Open the FPGA top-level VI you wish to migrate, for example, “802.11 FPGA STA.gvi"

Wait until type propagation has occurred.

If the document finished loading, you will see in the list of errors the affected files as shown in
Figure 2.

1 9Errors /& 10 Warnings iﬂ Messages

+ Compile (6 Errors 5 Warnings)

Severity * | Source Message

Error 80211 Xilinx IFFT.gcdl Errar in dependency.
Erraor 30211 Autocorrelation.god] Errar in dependency.
Errar 80211 Xilin= FFT.qed| Errarin dependency.
Error 20211 Viterbi.gcdl Errar in dependency.
Erraor 302,11 Pilot Phase Correction.gedl Errar in dependency.

Figure 2 - Error list showing affected files for Xilinx IP Core reconfiguration

STEP-BY-STEP INSTRUCTIONS

If not done already, make sure to back up the original project and convert a copy for use with
LabVIEW Communications 2.0. For details, refer to steps 1-3 from the previous section “Which Files
Are Affected?”.

Once open in LabVIEW Communications 2.0, open the FPGA top-level you wish to migrate, for
example, “802.11 FPGA STA.gvi”

Double-click on the errors, as shown in Figure 2. This will open the affected document.

Select the affected Xilinx IP block, and click on Configure Xilinx IP Core in the right-hand rail as
shown in Figure 3.

Wait for the “Re-customize IP” dialog to appear.

Inside the “Re-customize IP* dialog, leave the pre-configured settings untouched, and click OK as
shown in Figure 4.

Wait until the “Not Ready” warning, as shown in Figure 5, has disappeared.

Repeat steps 3 through 6 until all errors in the FPGA top-level are gone.



C=l  USRP (Bitfile) v [ISUOER 4 |Edit1c0nﬂ

Y

1. Select IP Core

-
&ﬁ
Format: = -
I (15 downto 0) s axis_data_tready »
31 downto 16 m_axis_data_tdata p
m_axis_data_tvalid » ===
] ) » 5_axis_config_tvalid
input valid @. ...................... » s_axis_data_tvalid

(N » s_axis_data_tlast
» 5_axis_data_tdata
» m_axis_data_tready
(N » s_axis_config_tdata

signal in ([EEE

Fast Fourier Transform

| Configure XilinxIP

2. Press "Configure..." |

¥ Terminals

o | _axis_data_t.

event_data_out_channel_halt » § | Maxir
event_data_in_channel_halt » § | == 2
event_status_channel_halt » || |Foru
event_tlast_unexpected »
event_frame_started » Sign
m_axis_data_tlast »
5_axis_config_tready »

event_tlast_missing »
i

be ready to receive

[ PP | w | F_axis_config_..

r_axis_data_tdata

rm_axis_data_tealid

w | event_data_out_channel_halt

s_axis_data_tready

Figure 3 - How to reconfigure a Xilinx IP Core




ﬂ-, Re-customize [P

Fast Fourier Transform (9.0) '

ﬁ Documentation

f | Implement 4 0 B Component Mame | xfft
Show disabled ports Configuration rlmplementation rDetaiIed Irplementation ]
-
Murnber of Channels | 1 v

Transform Length | 2045 -

Architecture Confiquration

Target Clock Frequency (MHz) | 192 [1-550]
Target Data Throughput {MSPS) |50 [1-550]
~ Architecture Choice
wammra
m:utr::;: () Automatically Select
it

() Pipelined, Streaming IjO
vl laie,_charred_hall =

irippysininyin § @ Radix-4, Burst IO

() Radix-2, Burst IO

() Radix-2 Like, Burst L0

[] Run Time Configurable Transform Length

‘ 1l 3. Press "OK"

Figure 4 - How to reconfigure a Xilinx IP Core (2)

| 1 0Errors| |A2Warnings| | # 0 Messages

~ Compile
Severity v

Source | Message

MotReady  FastFourier Transforrm Xilinx tool is processing the IP in the background. You cannot configure other Xilin: IP nodes until this operation is complete,

Figure 5 - "Not Ready" warning because Xilinx tool is processing the IP in the background




UPDATE “802.11 INTERNAL LOOPBACK THROTTLE CONTROL.GCDL"

SCOPE

Some changes in the Xilinx Vivado toolchain make it necessary to manually modify the “802.11 Internal
Loopback Throttle Control.gcdl” to make sure the critical path is not too long. This helps to ensure that
the design will meet timing and compilations will be successful.

WHICH FILES ARE AFFECTED?

e "“802.11 Internal Loopback Throttle Control.gcdl”

STEP-BY-STEP INSTRUCTIONS

1. As shown in Figure 6, find “802.11 Internal Loopback Throttle Control.gcdl” by navigating to
the <project director>\802. 1 1\FPGA\RX folder in the Navigation Pane.

~ |&! 802.11 Design USRP RIO 40 MHz BW v1.1.lvproject
B 30211 Application Framework. html
P> 80211 Host.gui
~ i 80211411
~ e FPGA
» [ Events
~ i R
+ [ Bit Processing
[ Host Communication
] i 10} Processing
» I MAC
3 i Power Measurement
» [ State Machines
» [ Synchronization
I'I.I'l 80211 DC Offset Correction.gcdl
I'I.I'l 80211 Internal Loopback Throttle Cantraol.ged|
nn 802,11 RX Data Sink.gcdl
{1 802.11 RX Data Source.gedl
» I Shared
» T
» [ Host
+ [ Builds
3 i Commaon
4 i USRP RIO 40 MHz BW
' i
[ ]

Figure 6: Navigation Pane Folder Path



2. Figure 7, shows the original, unmodified, code. Notice that the connection of the two Mod N
Indexers in series together leads to a very long combinatorial path. To address this, it needs to be
broken into two separate paths as shown in Figure 8.

OFDM symbol trigger (SR> | 7 1) trigger

Figure 8: Adaptation of '802.11 Internal Loopback Throttle Control.gcal”



MIGRATE TO THE NEW USRP INTERFACE

SCOPE

Because the USRP interface (40 MHz BW) is deprecated with LabVIEW Communications 2.0, which was
used in the 802.11 Application Framework v1.1, a new interface must now be used on the FPGA top-
level. The new interface now handles both the 40 MHz BW and 120 MHz BW USRP models with the
same interface. Hence, an FPGA bitfile rebuild is required.

Without the rebuild, Error -61206 will occur when running the Host top-level “802.11 Host.gvi” as shown
in Figure 9.

@ Error -61206 occurred at Configure DMA FIFO with selected FIFO:
nilnstr Register Bus w0 0.grsc\reg.host instruction fifo 0 in nilnstr
Register Bus v Host.lvlib_Set Instruction FIFO Depth.gvi

Possible reason(s]:

LabWIEW FPGA: The configured itern does not exist.

Continue | | Stop

Figure 9 - Error -61206 occurs when running the Host Top-level without migrating the USRP interface

WHICH FILES ARE AFFECTED?
o The FPGA top-level “802.11 FPGA STA.gvi"

Note: Two new USRP interface files must be included in the project: “Create Resources.gvi”,
"Registers.gcdl”
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STEP-BY-STEP INSTRUCTIONS

1.

Select your USRP Target on the System Designer and change the "Model" in the right-hand rail to the

non-deprecated version (ex: NI 2953R USRP (40 MHz BW) Deprecated » NI 2953R USRP (40 MHz

BW)) like in Figure 10.

B, =, |[0% v

o— Vv

40 MHz BW)

& PCle x4 (Upstream)

§02.11 FPGA STA.gvi
FIPBispelx.sip
FDPBispe2xip.cip
FDPBLspe2x2pb.zip
USRP Resources.grec

fdy Labe | uske | b=
# Sub-label | Model v
Device State Not Mapped O
Mapped To ‘ Do Not Map -
Model NI 2953R USRP (40 MH
NI2953R (40 MHZBW) 7
NI 2950R USRP (120 MHz BW) 4
NI 2550R {120 MHz BW)
EEE
-| NI2950R USRP (40 MHz BW)
v Identity| NI 2550R (40 MHz BW)
NI2952R USRP (120 MHz BW)
Hardwd  ng 2852R (120 MHz BW)
Serial #| NI2952R USRP (40 MHz BW)
NI 2952R (40 MHz BW)
| NI2953R USRP (120 MHz BW)
NI 2553R (120 MHz BW)
) NI2953R USRP (40 MHz BW)
v Visual S8 N1 2953R (40 MHz BW)
View | NI2953RUSRP (40 MHz BW) Deprecated
NI 2853R (40 MHz BW)
Vertical

Generate a new 40 MHz Single-Device Streaming project in LabVIEW Communications 2.0 by
navigating to New » Project Templates » USRP RIO 40 MHz BW Single-Device Streaming.
Note: This project will only be used to copy the necessary project files, and code sections, into the

previous project that

Figure 10: Change Deprecated Version

is being migrated.
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3. Copy two VIs from the new project into the original project. Refer to Figure 11.

a.

Find the following subVls from the <project directory>\FPGA subV/s folder:
i. Create Resources.gvi
ii. Registers.gcd|

+ [l Builds
~ Tl FPGA SubVis
nn 6-1 Mux.gedl

i Core Stream Controller.ged|

B> Create Resources.gvi

nn DDC (Multi-Channel).gcdl

hh pDC (Single Channel).gcdl

hin DUC (Multi-Channel).gedl

hn pUC (Single Channel).gcdl

IP FDPBlspc2xdlp.eip

IP FDPBlspc2x2pb.eip

IP FDPBlspc3x.eip

IP FDPB2spc2x2pb.eip

IP FDPB2spc2xdpb.eip

IP FDPB2spc3x2pb.eip

IP FIPBlspc2x.eip

IP FIPBlspc3x.eip

IP FIPBZspc2x.eip

IP FIPBZspc3x.eip

IP FIRFilter_lspc.eip

IP FIRFilter_2spc.eip

IP IP_Block.eip

hn Input Stream Control.gcdl

hn Output Stream Control.gedl

hin Read FIFO (Multi-Channel...

nn Start Trigger.gcd|

hn Start Triggers Sync AUX.g...

hn Start Triggers Sync PP5 Tri...

hn Start Triggers Time.gcdl

IP TDC.eip

hi Write FIFO (Multi-Channe...
b B VD Filec

Figure 11 Snapshot of Required Files

Copy these on disk and paste to the same directory in the original project.

In the “Project Files” view on the Navigation Pane of the original project, the new files will
appear slightly grayed out. Right-click on each and select Include as shown in Figure 12.

Since the "“Create Resources.gvi” is not a specific FPGA document (for example, CDL, MRD,
and so on), there may be a prompt to select the target that the file should reside under. Select
the same USRP target that your other files in this directory reside under.

13



~ Tl FPGA SubVls
i 5-1 Mux.ged

i Core Stream Controller.ged]

B> Create Resources.gvi
i DDC (Multi-ChanneW
i DDC (Single Channel).
i DUC (Multi-Channel)
fin DUC (Single Channel).gedl
IP FDPBlspc2dp.cip
IP FDPElspc22pb.cip
IP FDPElspcx.eip

IP FDPB2spc2:2pb.eip
IP FDPB2spc2dpb.eip
IP FDPE2spc3:2pb.cip
IP FIPBLspc2x.cip
IP FIPBLspc3x.cip
IP FIPB2spc2x.cip
IP FIPB2spcix.cip
TP FIRFilter_Lspc.ci
IP FIRFilter 2spc.ei
IP PP_Block.cip
i Tnput Stream Fontrol.gcdl

Locate Item in Windows Explorer

+ Include

i Output Str
i Read FIFO Piulti-Channel).ged
i Registers.ged

hh start Trigger.ged

IP TDC.cip

Control.ged]

Figure 12: How to Include Additional Files in Project

In the original project to be migrated, open the FPGA top-level “802.11 FPGA STA.gvi”
Note: If you finished all of the instructions of the first section, Reconfigure the Xilinx /P, then no error

should be displayed for the FPGA top-level.
Find the three Clock-Driven Loops used for interfacing with the USRP and remove those loops as
shown in Figure 13.

File Edit Run Data View Help

zu = 0 R B 80211FPGASTAGY | +
E =+, X O X [> 1l @ S| pone JEIEEEM o @[ F =, T, % 4§
T —

~ 1 Migrate 802.11 Design USRP RIO 40 MHz B... o —
e Te

[ 80211 Application Framework.htm! °
B> 802.11 Host.gui
B - -

<

@) USRP Resources.grsc 0
3 |
] e
» B 80211v11 “E sty
» il Builds [ =2
» Bl Common — ]

~ 7l USRP RIO 40 MHz BW
> 80211 FPGA STA.gvi
» [ 80211 Host

il )

» [l FPGA SubVis =5
» Bl Host SubVs i;_
o,
o]
=] :
| ﬁ,‘ [ 2 Pl I = roery resan 2
= -
[ res ety remtgo o2 M ||
- reg.hest resc.go reve 2 (P 5w o S
m—
HH L
p— @
@ a3 8

il‘ﬁﬂl ﬁ

F=

\é?

B 17

“?G ifi
i
4 L

4

Figure 13 - Deleting the Clock-Driven Loops for interfacing with the USRP
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6. Open the “Streaming Xcvr (FPGA).gvi” of the new project.
a. As shown in Figure 14, select and copy the following from the Diagram: “Create Resources.gvi”,
“Process.gvi”, the Clock Constant, and the Clock-Driven Loop.

File Edit Run Data View Help

I I E 060 X B Streaming Xeur (FPGA)gv | + o
Split L]

+.X% A s Penel %+ =
~ 1} USRP RIO 40 MHz BW Single-Devi...
= e g 3. select Clock constant RF L/R:Enable
B> RuStreaming (Host).gvi 1L
P> Rx Streaming Time (Host).gvi

B> Streaming Xovr (FPGA).gvi N RF O/Tw/Enable
B> Tiand Rx Streaming (Host).gvi
> Twand Ry Streaming Time (Hos... 4, select Clock- R O/RErabIe
B> T Streaming (Host).gvi Driven loop "‘L;; ;F;’;;
RF 1/Tx/Enable
el

B> TxStreaming Time (Host).gvi
[ USRP Resources.grsc
[§ USRP Streaming.html

ol

» [l Builds [ s nilnstr Register Bus v0 0.grscyreg.hastinstruction fifo 0 "
» [l FPGA SubVls 2. select reg.reset
» [l Host Subl " "

B Host SubVis Process reg.notify host.go rovd

7l Links

reg.host read.go rcvd|
1. select
"Create Resources"

P

<] %l o3 A

|

a
o

[}

rx.trigger sele

S |

Data Clock
PGA

e trigger enabl
1 O.stream enabl
nx Lstream enabl
rx.software trigg

tetrigger sele
tx.trigger enabl}
‘i 0.stream enab|

x 1.stream enablj

tusoftware trigg

2 Errorsand Wamings

Figure 14 - USRP Interface Elements to be copied to the FPGA Top-Level
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7. Inthe project you wish to migrate, paste the elements you copied from the new streaming project
and wire as shown in Figure 15.

— =
[V Orbeare Co E Register Bus and Reguired Controls/Indicators
ok
[RF 1Rx/Enable r G
ek e e
otie - fafl
[RF 0/Tw/Erabla r ! 6
e
v 4 I
ofr
ILGJ
nmnag.mm gredyeghast indructon 00
reset 0 T
: n;:g s u“ B r=s.atify host.ge O
reg.notify host.go L s FESW r=5.host read.dsta O
e reg.host resd.go rova O (S LS
| 2
&
@
‘— - -m
& (G
(i2]
(ASSTa e i e
— [ Dta Rsception from Antenns, Gonnconversion to baseband sampie rate, received dats will be weitta inta RX basebsnd input FIFO
== i i Ay ttispal o ke
[ FIFOs | . e
> RF to RX FIFO XtorFFa |
(= vy » internal loopback FIFO RF to RX FIFO »
m‘-‘ sl > TX b RE FIFO ==
eabe DC offset correction
s ﬁ | popaniy __fﬂn— T rurmoer of
rx.rf channel f—_— rx.dsp res=t o
£ .stream =nat= D———--——m—wm———r = e state
s ﬂ*s| T X Shresir mabi | 2 zamples o
rstort —— @ xrumber of
» impairments (=] ” OE e
ncﬂ mgsmnh E J* » frequency shift

Figure 15 - Pasted USRP interface elements wired up

8. Allow all document changes to finish loading and save all files.
9. Close the new streaming project as it is no longer needed.



10. Compile the FPGA VI.

a.

b. Select the FPGA top-level under the target you want to build the bitfile for.

C.

Click Build on the right-hand rail as shown in Figure 16.

Open the System Designer (in the “Project Files” view of the Navigation Pane on the left) and
double-click on the top most project file.

Jd=t USRP
EH

NI 2953R USRP (40 MHz...

Ports

PCIe x4 (Upstream) 1 . SE|ECt VlJ
Software il
B802.11 FPGA STA.gwvi i

FIPB1spc2x.eip
FDPB1spc2x1p.eip
FDPB1spc2x2pb.eip

USRP Resources.grsc
+ Add Software

Include automatic numbering

Ask before writing over existing file names.
Warning threshold for FRGA resources:

Run when loaded to FPGA

80 %

| Build

2. Press "Build"

¥ Compile Symbals

Name Value

Figure 16 - Build a bitfile for the selected FPGA Top-Level VI

11. (Recommended) Once the bitfile is finished building, exclude it from the project as shown in Figure
17 and include it again. This will ensure that the latest changes are actually applied.

h
.‘, USRP Resources.grsc
» B 8021111

~ il Builds

802.11 FPGA USRP RIO 40 MHz BW 5T..,

k i Co
+ Bl US
7l Links

A Open
Duplicate
E]1 Rename

Q, Locate Item in Windows Explorer

| — Exclude

¥ Delete

1% E

Figure 17 - Exclude and include the FPGA Top-Level again to make sure it is loaded correctly
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UPDATE HOST-SIDE DMA FIFO'S

'ScoPE

The FIFO resource names in the Host subVIs which interface with DMA FIFOs must be updated.

In LabVIEW Communications 1.0/1.1, the FIFO name contained only the name itself, for example, “T2H
Events”. In LabVIEW Communications 2.0, the FIFO resource contains additional prefixes for the FPGA
resource file name along with the FIFO name itself, for example "USRP Resources.grsc\T2H Events”.

Therefore, all occurrences of “Configure DMA FIFO", “Read DMA FIFO" and “Write DMA FIFO" must
be updated to reference the new name.

WHICH FILES ARE AFFECTED?

e All Host subVlIs which contain a FIFO node, for example, Start/Stop, Configure, or Read/\Write
operations

The list of VIs which require modification for “802.11 Host.gvi” is included in Table 1. If you miss one
occurrence of a DMA FIFO operation, you will receive error -61206 during run-time as shown in Figure
18. In this example, the error indicates that the FIFO resource name of the node “Configure DMA FIFO"
is incorrect in the file “LTE DL RX FIFO Initialization.gvi.”

File FIFO name

DMA FIFO operation

H2T RX Baseband

T2H Constellation Configure, Start

T2H RX Data Configure, Start

T2H TX Bit Processing Output

Configure, Start

Configure, Start

T2H Channel Estimation Configure, Start

802.11 Receive RX ICP.gvi T2H RX Data Read
802.11 Prepare RX Power T2H RX Power Spectrum Read

Spectrum.gvi

802.11 Prepare Channel T2H Channel Estimation Read
Estimation.gvi

Table 1. FIFO Operations in '802.11 Host.gvi"



Error -61206 occurred at Configure DMA FIFO with selected FIFO: T2H
constellation data in LTE DL RX FIFO Initialization.gvi

X

Possible reason(s]:

LabWIEW FPGA: The configured itern does not exist.

Continue | | Stop

Figure 18 - Error -61206 occurred because of incorrect FIFO resource name

STEP-BY-STEP INSTRUCTIONS

1. Open the affected VI. In this example, we are demonstrating changes needed for the “802.11 Setup
DMA FIFOs.gvi”.
2. (Recommended) Add comments above the affected nodes which note the currently configured

resource name as shown in Figure 19.

FPGA reference Constants
FPGA interface =+ I ) S FPGA interface dup
| |p=
ervor in (EP—— "]~ @) ervor out
¥ Visual Style
] Show Label
View © Icon
FIFO sizes depending on | ) S o
size needed for 1 sec transmission of (20000007 o BT O List
802,11 VHT40 - -
4000 bytes payload
> T2H Constellation
ACK disabled v Gene
Ao ) )
but at least 1M elements (25000000 QQ P§ - e
- vents
¥ Documentation
= 81,8
Lo Ty BN |y
T2H RX Data @

Figure 19— “802.11 Setup DMA FIFOs.gvi” (after adding FIFO name comments)



3. Select the "FPGA reference” constant and click Configure on the right-hand rail as shown in Figure
20.

¥ Terminals

1. Select [rrca reference [@EBPT—] T2H Events
FPGA interface [[EWF—{ =F | T 1

error in (B

BEM  FPGAreference

7=l FPGA interface dup
@) error out ¥ Wisual Style

=
Label

Show Label
Label Placernent Label on Side

Autosize Label

IFO sizes depending on {{@a000007— |+

ize needed for 1 sec of EHHAAR |

02.11 VHT40 m ¥ FPGA Host Interface

000 bytes payload

CK disabled | I E For—
ut at least 1M elements ([[250000007— |7

| [T2H RX Bit Processing Output

Figure 20 — “802.11 Setup DMA FIFOs.gvi” - Reconfigure FPGA type

4. Inthe "FPGA Interface Dynamic Refnum Configuration” dialog, click Import bitfile and navigate to
the bitfile you just built in the last step of the third section, Migrate to the New USRP Interface.

5. (Optional) With the “FPGA Interface Dynamic Refnum Configuration” dialog still open, remove all
unused resources by clicking the X symbol on the right side. This will not affect functionality but may
make it easier to view used resources at a later time.

6. Click OKin the “FPGA Interface Dynamic Refnum” dialog.

7. Select the first FIFO node and adopt the FIFO name as shown in Figure 21.

FPGA reference > 1. Select v Visual Style
FPGA interface [[EWF—{ =F |1 s - Zl=l) FPGA interface dup Show Label
error in (B g > {2 error out o =
i List
4444 ¥ General

22 Fnsmission of [ |
USRP Resources.grsc\H2T RX Baseband
| USRP Resources.grsc\H2T TX Data
IEII & USRP Resourcesgrsc\T2H Channel Estimation
® USRP Resources.grsc\T2H Constellation
(Gt Ri USRP Rasuurces.:rS(\TZH Events
bl - USRP Resources.grse\T2H RX Bit Processing Qutput
- USRP Resources.grsc\T2H RX Data
USRP Resources.grsc\T2H RX Power Spectrum
USRP Resources.grsc\T2H TX Baseband
USRP Resources.grse\T2H TX Bit Processing Output

4 ¥ Documentation

Inents (25000000 7—

iZEIEIEIEIEIEIEI =
2. Choose new name

Figure 21 — “802.11 Setup DMA FIFOs.gvi” - Adopt FIFO Name

8. Repeat the previous step for all FIFO nodes in the current VI.
Caution: Make sure to select the correct FIFO. Double-check if the name you selected matches the
comment you added to the document in step 2.

9. Repeat steps 1-8 for all Vls which contain a DMA FIFO node.
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LTE APPLICATION FRAMEWORK

This section describes the necessary steps if you want to reuse a project that was created based on the
LTE Application Framework v1.1 (created in LabVIEW Communications 1.1) in LabVIEW Communications
2.0.

The section includes the following steps, each with their own subsection:

1. Reconfigure the Xilinx IP cores
2. Migrate to the new USRP interface
3. Update host-side DMA FIFO's

RECONFIGURE THE XILINX [P

SCOPE

Because the FPGA compile tools uses a new Xilinx Vivado Toolchain version, all Xilinx IP cores must be
updated to the new version. By configuring the IP cores again, the dependencies are regenerated
ensuring that they will be compatible with the latest Vivado version to ensure successful compilations.

WHICH FILES ARE AFFECTED?
e All FPGA GCDL files which include a Xilinx IP core
The affected files can be found by completing the following steps:

1. Create a backup of your project.
2. Open your project in LabVIEW Communications 2.0.
3. Click Yes to convert as shown in Figure 22.

The version of this project is older than the current application. Do you
want to convert the project and automatically update and save your VIs?
This operation cannot be undone and it is recommended that you make a

copy of your project and files before proceeding.

Figure 22: Convert Dialog
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4. Open the FPGA top-level VI you wish to migrate, for example, “"LTE FPGA USRP RIO 40 MHz BW
DL.gvi."”

5. Wait until type propagation has occurred.

6. If the document finished loading, you will see in the list of errors the affected files as shown in
Figure 23.

* Timing Violations Errors and \J't-farningsjlc

&211 Warnings .Z.U Messages

~ Compile (3 Errors 209 Warnings)

Severnty | Source | Message

Error LTE DCI Decoder Witerbi Core.gedl Error in dependency,
Error LTE Xilirex IFFT.gcdl Errar in dependency.
Errar LTE Cross Caorrelation.god| Errar in dependency.
Errar LTE Decirmate 16.qcdl Error in dependency.
Errar LTE Xilinx FFT.gcdl Error in dependency,

Figure 23 - Error list showing affected files for Xilinx IP Core reconfiguration

STEP-BY-STEP INSTRUCTIONS

1. If not done already, make sure to back up the original project and convert a copy for use with
LabVIEW Communications 2.0. For details, refer to steps 1-3 from the previous section “Which Files
Are Affected?”.

2. Once open in LabVIEW Communications 2.0, open the FPGA top-level you wish to migrate, for
example, “LTE FPGA USRP RIO 40 MHz BW DL.gvi".

3. Double-click on the errors as shown in Figure 23. This will open the affected document.

4. Select the affected Xilinx IP block and click Configure Xilinx IP Core in the right-hand rail as shown in
Figure 24.

5. Wait for the “Re-customize IP" dialog to appear.

6. Inside the “Re-customize IP" dialog, leave the settings untouched and click OK as shown in Figure
25.

7. Wait until the warning “Not Ready"”, as shown in Figure 26, has disappeared.

8. Repeat steps 3 through 6 until all errors in the FPGA top-level have disappeared.
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C=l  USRP (Bitfile) v [ISUOER 4 |Edit1c0nﬂ

Y

1. Select IP Core

-
&ﬁ
Format: = -
I (15 downto 0) s axis_data_tready »
31 downto 16 m_axis_data_tdata p
m_axis_data_tvalid » ===
] ) » 5_axis_config_tvalid
input valid @. ...................... » s_axis_data_tvalid

(N » s_axis_data_tlast
» 5_axis_data_tdata
» m_axis_data_tready
(N » s_axis_config_tdata

signal in ([EEE

Fast Fourier Transform

| Configure XilinxIP

¥ Terminals

o | _axis_data_t.

event_data_out_channel_halt » § | Maxir
event_data_in_channel_halt » § | == 2
event_status_channel_halt » || |Foru
event_tlast_unexpected »
event_frame_started » Sign
m_axis_data_tlast »
5_axis_config_tready »

event_tlast_missing »
i

be ready to receive

[ PP | w | F_axis_config_..

2. Press "Configure..." |

r_axis_data_tdata

rm_axis_data_tealid

w | event_data_out_channel_halt

s_axis_data_tready

Figure 24 - How to reconfigure a Xilinx IP Core (1)
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ﬂ-, Re-customize [P

Fast Fourier Transform (9.0) '

ﬁ Documentation

f | Implement 4 0 B Component Mame | xfft
Show disabled ports Configuration rlmplementation rDetaiIed Irplementation ]
-
Murnber of Channels | 1 v

Transform Length | 2045 -

Architecture Confiquration

Target Clock Frequency (MHz) | 192 [1-550]
Target Data Throughput {MSPS) |50 [1-550]
~ Architecture Choice
wammra
m:utr::;: () Automatically Select
it

() Pipelined, Streaming IjO
vl laie,_charred_hall =

irippysininyin § @ Radix-4, Burst IO

() Radix-2, Burst IO

() Radix-2 Like, Burst L0

[] Run Time Configurable Transform Length

‘ 1l 3. Press "OK"

Figure 25 - How to reconfigure a Xilinx IP Core (2)

| 1 0Errors| |A2Warnings| | # 0 Messages

~ Compile
Severity v

Source | Message

MotReady  FastFourier Transforrm Xilinx tool is processing the IP in the background. You cannot configure other Xilin: IP nodes until this operation is complete,

Figure 26 - "Not Ready" warning because Xilinx tool is processing the IP in the background




MIGRATE TO THE NEW USRP INTERFACE

SCOPE

Because the USRP interface (40 MHz BW) used in the LTE Application Framework v1.1 is deprecated
with LabVIEW Communications 2.0, the new interface must now be used on the FPGA top-level. The

new interface now handles both the 40 MHz BW and 120 MHz BW USRP models with the same

interface. Hence, an FPGA bitfile rebuild is required.

Without the rebuild, Error -61206 will occur when running the Host top-level, for example, “LTE Host

DL.gvi"” as shown in Figure 27.

0 Error -61206 occurred at Configure DMA FIFO with selected FIFO:
nilnstr Register Bus w0 (Q.grsc\reg.host instruction fifo 0 in nilnstr
Register Bus v0 Host.lvlib__ Set Instruction FIFO Depth.gvi

Possible reasonls]:

LabWIEW FRGA: The configured itern does not exist,

Continue | | Stop

Figure 27 - Error -61206 occurs when running the Host Top-Level without migrating the USRP interface

WHICH FILES ARE AFFECTED?

e The FPGA top-level, for example, “LTE FPGA USRP RIO 40 MHz BW DL.gvi"

Note: Two new USRP interface files must be included in the project: “Create Resources.gvi”,
"Registers.gcdl”
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STEP-BY-STEP INSTRUCTIONS

1. Select your USRP Target on the System Designer and change the "Model" in the right-hand rail to the
non-deprecated version (ex: NI 2953R USRP (40 MHz BW) Deprecated » NI 2953R USRP (40 MHz
BW)).

Dacument i

m =
b, =, 0% | fd Labe | usre w
1 ®  sub-label | Model v|
Device State Not Mapped (o)
Mapped To ‘ Do Not Map -
— Model NI 2953R USRP (40 MH
g NI 2953R {40 MHz BW) i
= | & PClexd (Upstream)
_ sshwars NI 2950R USRP (120 MHz BW) -
802.11 FPGA STA.gvi | T NI 2850R {120 MHz BW)
e ; | NI2950R USRP (40 MHz BW)
xmx::ﬂ v Identity| NI 2550R (40 Mz BW)
USRP Resourees groc NI 2952R USRP (120 MHz BW)
(% owmaem | Hardwa 2952 (120 MHz BW)
° Serial#| NI2052R USRP (40 MHz BW)

NI 2552R (40 MHz BW)
| NI 2953R USRP (120 MHz BW)
NI 2353R (120 MHz BW)

X NI 2953R USRP (40 MHz BW)
v Visual S§ N1 25538 (40 MHz BW)

View | NI2953RUSRP (40 MHz BW) Deprecated
NI 2853R (40 MHz BW)

Vertical v

Figure 28: Change Deprecated Version

2. Generate a new 40 MHz Single-Device Streaming project in LabVIEW Communications 2.0 by
navigating to New » Project Templates » USRP RIO 40 MHz BW Single-Device Streaming.
Note: This project will only be used to copy the necessary project files, and code sections, into the
previous project that is being migrated.
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3. Copy two VIs from the new project must be copied into the original project as shown in Figure 29.

a.

Find the following subVIs from the <project directory>\FPGA subV/is folder:
i. Create Resources.gvi
ii. Registers.gcd|

» [l Builds
~ Tl FPGA SubVis
hi 6-1 Mux.gedl
hit Core Stream Controller.gcdl
I B> Create Resources.gvi I
nn DDC (Multi-Channel).gedl
hn DDC (Single Channel).gcdl
hn DUC (Multi-Channel).gcdl
hh puC (Single Channel).gcdl
IP FDPBlspc2elp.eip
IP FDPBlspc2x2pb.eip
IP FDPBlspc3x.eip
IP FDPB2spc2x2pb.eip
IP FDPBZspc2xdpb.eip
IP FDPB2spc3x2pb.eip
IP FIPBlspc2x.eip
IP FIPBlspc3x.eip
IP FIPBZspclx.eip
IP FIPB2spc3x.eip
IP FIRFilter_lspc.eip
IP FIRFilter_2spc.eip
IP IP_Block.eip

hn Input Stream Control.gedl

hn Output Stream Control.gedl
hin Read FIFO (Multi-Channel...
nn Start Trigger.gcd|

hi start Triggers Sync AUX.g...
hn Start Triggers Sync PP5 Tri...
hn Start Triggers Time.gcd|

IP TDC.eip

hin Write FIFO (Multi-Channe...

b B VLIN Eilec

Figure 29: Files to Copy

Copy these on disk and paste to the <project directory>\USRP RIO 40 MHz BW\FPGA directory
in the original project.

In the “Project Files” view on the Navigation Pane of the original project, the new files will
appear slightly grayed out. Right-click on each and select Include, as shown in Figure 30.

Since the “Create Resources.gvi” is not a specific FPGA document (for example, CDL, MRD,
and so on), there may be a prompt to select the target that the file should reside under. Select
the same USRP target that your other files in this directory reside under.
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~ Il FPGA SubVls
i 5-1 Muxged!

L Core Stream Controller.ged!

I B Create Resources.gui

i DDC (Multi-Channel® Locate Item in Windows Explorer
AL DDC (Single Chanme). 4= 2=
R DUC (Multi-Channel)

i DUC (Single Channel).ged!
IP FDPBLspc2:dp.ip
IP FDPBlspc2:2pb.eip
IP FDPBlspGx.eip

IP FDPB2spc2:2pb.cip
IP FDPB2spc2idpb.eip
IP FDPB2spc3ipb.eip
IP FIPBLspc2ceip
IP FIPBlspciceip
IP FIPB2spcZeeip
IP FIPB2spc3x.eip
IP FIRFilter_Lspc.ei
IP FIRFilter_2spc.c

IP IP_Block.cip
i Input Stream fontrol.ged!
i Output Streghn Control.ged!
. Read FIFO ulti-Channel).ged!
i Registers.gcd

it Start Trigger.ged!

IP TDC.eip

Figure 30: Include Copied Files

4. In the original project to be migrated, open the FPGA top-level “LTE FPGA USRP RIO 40 MHz BW
DL.gvi"
Note: If you finished all of the instructions of the first section, Reconfigure the Xilinx /P, no error
should be displayed for the FPGA top-level.

5. Find the three Clock-Driven Loops which are used for interfacing with the USRP as shown in the
following Figure 31.

zn = 0 R B> LTE FPGA USRP RIO 40 MHz BW DLgvi
==+, X VY>>l ® _.‘ Panel lm Splrt ‘ BT, T, % 4%
~ & Migrate_LTE Design USRP RIO 40 MHz BW... e R oonmwwbes
|
| = . ister Bus - Raguires
B LTE Application Framework.html s O o consant ntel Seong Bagger Bos - Heied (o)
B> LTE Host DL.gvi |+ oo il | ; h
5 reset0 W c=5.nety hestga ©
B> LTE Host UE.gvi ot es E S e acomm
B> LTE Host eNodeB.gvi = o ' ,‘, ,,,,,,, -
e B =
@) USRP Resources.grsc S e s TG | t il
B info T - ) i |
| Sap—
» Il Builds u-_}j X
» Bl Common | —
~ @ LTEVI E* i = o
» [l FPGA DL RX - S

» [l FPGADLTX
» [l FPGA Shared

Racio Settings Register Bus -Requirss Losp

T e ey
» [ FPGA ULRX 1 | reanctny resn
» Wl FPGA UL TX v - y || ] e
» Bl Host e rmssgorae 1 ¢»~~—E s
~ 7@l USRP RIO 40 MHz BW e J—@
LJ L iz
___ D> LTEFPGAUSRPRIO A0 MH:BW Dizgvi, | =T \%‘
B> LTE FPGA USRP RIO 40 MHz BW UE.gvi ammmmm o ——
B> LTE FPGA USRP RIO 40 MHz BW eNod... e I | e e resc e 2
res oty o0 e 2 MNPy
» I FPGA reapotresaga o 2 P AL
» Bl Host (X TS Tcang —‘—E
&z 2l
a 3 7@
== < Erfrd —{i [ S o i 2|
z= =R el G
|£5
@ T (Al K
’:t?a I._*r_‘}—u/ R Srms 10 W T LT
e e 7
m\mw ot § r‘ﬂﬁ

Figure 31: CDLs noted in Step 7



6. Move the controls “Register Bus & Required”, “TX" and “RX" outside the first USRP Clock-Driven

Loop as shown in Figure 32.

File Edit Run Data View Help

USRP Resources.grsc

= Panel

* | B» LTE Host DLgvi ©
Split

o &, Iz, 3,

LTE FPGA USRP RIO 40 MHz BW DLgvi | +
g’ -

YX0OIU® -

USRP RIO configuration loops - REQUIRED!

(<]

40 MHz Onboard Clock

[ Global Settings Register Bus - Required Loop 7

FPGA

[ $ USRP Resources.grscreg.nost instruction fifo 0 {
FPGA

out of loop

1. move controls

reg.reset 0
reg.notify host.go rovd 0
reg.host read.go rovd 0

1

reg.notify host.go 0
reg.host read.data 0

Just placed to suppress wamning

Register Bus & Required (I

Data Clock ;
GA

™
R
(i@
@ 1
=/
|Radio Settings Register Bus -Required Loop [/

USRP Resources.grsc\reg host instruction fifo 1 reg.notify host.go 1

[=B) reg-host read.data 1

reg.notify hast.go rovd 1 (P 4
reg.host read.go rovd 1 (G
1 i
USRP Resources.grsc\reg host instruction fifo 2 [ reg.notify host.go 2
RGA
2 @) reo-host read.data 2
reg.notify hast.go rovd 2 (P
reg.host read.go rovd 2 (RGP
@ Radio 1 Config
[y -
a 1 e
4

4

| Required Controls and Indicators (Data Clock D

omain) - Required Loop [/

= Timing Violations ‘ Errors and Warnings |

Figure 32 - Clock-Driven Loops for interfacing with the USRP on the FPGA Top-Level
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7. Delete the three Clock-Driven Loops used for interfacing with the USRP as shown in Figure 33.

LTE Design USRP RIO 40 M| W v1.1" - LabVIEW Communications System Design Suite

File Edit Run Data View Help

USRP Resources.grsc ~ | B» LTE Host DLgvi * ‘ B> LTE FPGA USRP RIO 40 MHz BW DLgyi* * | + o

= pandl spit | @ 5 4

USRP RIO configuration loops - REQUIRED!

YX O -

Register Bus & Reqmregﬁ

RX (P

e - IS

<) %

a
o

! |

USRP Re:
FPGA

5
S

a
o

£

Figure 33 - Deleting the Clock-Driven Loops for interfacing with the USRP



8. Open the "“Streaming Xcvr (FPGA).gvi” of the new project.
As shown in Figure 34, select and copy the following from the Diagram: “Create Resources.gvi”,
“Process.gvi”, the Clock Constant, and the Clock-Driven Loop.

File Edit Run Data View Help

+. X 0 Y|P

I I = 0 X B Streaming Xeur (FPGA).

ai |+
Panel Split L]

=. 1

~ 1S} USRP RIO 40 MHz BW Single-Devi...

B> RxStreaming (Host).gvi
D> RuStreaming Time (Host).gvi
B> Streaming Xovr (FPGA).gvi
B> Txand Rx Streaming (Host).gvi
P> Twand Rx Streaming Time (Hos...
B> TxStreaming (Host).gvi
B> TxStreaming Time (Host).gvi
[ USRP Resources.grsc
[§ USRP Streaming.html

+ Il Builds

» [l FPGA SubVls

» [l Host SubVls

7l Links

-

[ o]
(2
s
T

e

N e

1. select

"Create Resources"

3. select Clock constant

4, select Clock-
Driven loop

2. select
"Process”

W RF 1/Rw/Enable:
e

ay RF O/Tw/Enable

W RF O/Rw/Enable:
e

y RF 1/Tw/Enabie

[ s nilnstr Register Bus V0 0.grsc\reg.hast instruction fifo 0 "

reg.reset
reg.notify host.go revd

reg.host read.go rcvd)

Data Clock
s

rx.trigger sele
rx.trigger enabl
< 0.stream enabl|

x 1.stream enabl|

£

Figure 34 - USRP Interface Elements to be copied to the FPGA Top-Level
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9. Inthe project you wish to migrate, paste the elements you copied from the new streaming project

and wire as shown in Figure 35.

File Edit Run Data View Help

B> LTE FOGA USRP RIO 40 MHz BW DLgvi ‘ +.,

|
+

YyXOuw -

]|

40 MHz Onboard Clock >
FPGA

Register Bus & Required (P
™
i -

Register Bus and Required

. RF 1/Rw/Enable ST
RE-L B Enable
/Enzble e

o ] [ —
REDA Enable

RF 0/Rx/Enable
REOFEERable e
! able g

RF L/Tw/Enable
1
denable g

& "instr Register Bus V0 Ogrscyeginost instruction fito 0
s J

reg.reset 0 (P
reg.notify host.go rovd 0 (RGP

reg.host read.go revd 0 (P

=

5

ECNEFEEEEC]- I

@l

F—{|Readout of TX baseband output buffer, upconversion and transmission to antenna

[©]

Data Clock o
PGA

Data Reception from Antenna, downconversion to baseband sample rate, received data will be written into RX baseband input FIFO

enablef

15y Receved 1QBLTS
B o correction [

T rESe!

W) ADC values clipped

RX RF channel

F‘ﬁwmw‘
xToe T

DC status

re.number of clipped IQ data samples

 0.stream enabled
rx 1.stream enabled
r.abort

)
g

re.dsp reset done

rx.samples processed

> Uz

Figure 35 - Pasted USRP interface elements wired up

10. Allow all document changes to finish loading and save all files.
11. Close the new streaming project as it is no longer needed.
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12. Compile the FPGA VI.
a. Open the System Designer (in the “Project Files” view of the Navigation Pane on the left) and
double-click on the top most project file.
b. Select the FPGA top-level under the target you want to build the bitfile for.
c. Click Build on the right-hand rail as shown in Figure 36.

BUlld zpec Mame | Brcile ]
USRP .
NI 2953R USRP (40 MHz BW) Marne Preview: LTE FPGA LISRP RIO 40 kAH...
Prefis LTE FPGA USRP RIO 40 hAH
Ports
= |. Upstream | Include autoratic numbering

»

LTE FPGA USRP RIO 40 MHz BW DL.gvi 1. Select FPGA Toplevel 2=
LTE FPGA USRP RIO 40 MHz BW eNodeB.oy 1=

72 (g R [ 2 ) [l (] 2 Ak before writing owver existing file narnes,

FIPB1spc2x.eip
i Witarning threshold for FPGA resources: | 80 %%
FDPBl1spc2xlp.eip

FDPB1spc2x2pb.eip : Runwhen loaded to FPGA

USRP Resources.grsc i I Euild I

. CZ. Press "Build"

R e e e

| | el |

Figure 36 - Build a bitfile for the selected FPGA Top-Level VI

13. (Recommended) Once the bitfile is finished building, exclude it from the project as shown in Figure
37 and include it again. This will ensure that the latest changes are actually applied.

7l Builds
LTE FPGA USRP RIO 40 MHz BW DL....
Q Locate Itern in Windows Explorer
¢ LTE FPGA USRP RIC 40 I
W Open
. Duplicate
X LTE FPGA USRP RIC 40 I
= Rename
» B | = Exclude
Delet
i Common X Delete
Bl LTEV1]

7l USRP RIO 40 MHz BW

e | TE COGS A ) IESE BT T . T TR .1

Figure 37 - Exclude and include the FPGA Top-Level again to make sure it is loaded correctly
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UPDATE HOST-SIDE DMA FIFO'S

SCOPE
The FIFO resource names in the Host subVIs which interface with DMA FIFOs must be updated.

In LabVIEW Communications 1.0/1.1, the FIFO name contained only the name itself, for example,
"PDSCH Decoding Status”. In LabVIEW Communications 2.0, the FIFO resource contains of the prefixes
the FPGA resource file name and the FIFO name itself, for example, “USRP Resources.grsc\PDSCH
Decoding Status”.

Therefore, all occurrences of “Configure DMA FIFO", "Read DMA FIFO" and “Write DMA FIFO" must
be updated to reference the new name.

WHICH FILES ARE AFFECTED

e All Host subVlIs which contain a FIFO node (for example, Start/Stop, Configure, or Read/\Write
operations)

The list of VIs which require modification for “LTE Host DL.gvi" is included in Table 2. If you miss one
occurrence of a DMA FIFO operation, you will receive error -61206 during run-time as shown in Figure 38
in which the error indicates that the FIFO resource name of the node “Configure DMA FIFO" is incorrect
in the file “LTE DL RX FIFO Initialization.gvi.”

File FIFO name DMA FIFO operation

T2H PDCCH Configure, Start

PDSCH Decoding Status T2H Configure, Start

T2H Channel Estimates Configure, Start

H2T PDSCH Configure, Start

LTE Read TX Data.gvi TX BB T2H

LTE Read PDCCH Data.gvi T2H PDCCH

LTE Read Channel T2H Channel Estimates Read
Estimates.gvi

LTE Receive UDP Data.gvi H2T PDSCH Write

Table 2: FIFO “Operations in LTE Host DL.gvi”
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Error -61206 occurred at Configure DMA FIFO with selected FIFO: T2H
constellation data in LTE DL RX FIFO Initialization.gvi

Possible reason(s]:

LabWIEW FPGA: The configured itern does not exist.

Continue | | Stop

Figure 38 - Error -61206 occurred because of incorrect FIFO resource name

STEP-BY-STEP INSTRUCTIONS

1. Open the affected VI. In this example, we are demonstrating changes needed for the “LTE DL RX
FIFO Initialization.gvi” as shown in Figure 39.

W1E+067 B Qs PE
L= S
= -~
L] e Lond
[[1E+087 B Qg Pg
| % _Q | i:! error out
FPGA type (ERF o _Q— _P—
session (P N T Qg PQ B
error in @—‘i — S =
-~ -
ol Land

Figure 39— “"LTE DL RX FIFO Initialization.gvi” (original file)



2.

(Recommended) Add comments above the affected nodes that note the currently configured
resource name as shown in Figure 40.

T2H constellation data[” -
WiE+067 ” s @ Constants
‘EQ > =
I ] S
Q§ P‘§
Vs Sl
3 ] || Show Label
!1E+UE( |s§ b%
Wi
= 0 kcon
| | - - ] error out 0 List
S S + .
FPGA type o] >
T vGenenl
oo
session - — a% ’..% constellation data
¥ Documentation
error in (R % a
0= = | ?
Context Reference
Help Help
Figure 40 — “"LTE DL RX FIFO Initialization.gvi” (after adding FIFO name comments)

3. Select the “"FPGA type” constant and click Configure in the right-hand rail as shown in Figure 41.

T2H constellation data

'Y error out

!1E+06r | % %
i{e] »
F F
I > >
Q\- ’\-
!1E+03( |QE ’E
1. Select ~ =
. T =z
= = -
".r
) - > >
session (P - o% ’.Q
Fe=
ervor in (g & &
o'lv "lv

|| On Connector Pane

‘ Wiewy on Connector Pane

¥ Wisual Style
Label
Showi Label

Label Placernent Label on Side

Autosize Label

¥ FPGA Host Interface

I ﬁConfigure...

|, 2. Press "Configure" |

‘ Change to Type Definition

Figure 41 — “LTE DL RX FIFO Initialization.gvi” - Reconfigure FPGA Type
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In the "FPGA Interface Dynamic Refnum Configuration” dialog, click Import bitfile and navigate to
the bitfile you just built in the last step of the second section, Migrate to the New USRP Interface.
(Optional) With the “FPGA Interface Dynamic Refnum Configuration” dialog still open, remove all
unused resources by clicking the X symbol on the right side. This will not affect functionality but may
make it easier to view used resources at a later time.

Click OK in the “FPGA Interface Dynamic Refnum” dialog.

Select the first FIFO node and adopt the FIFO name as shown in Figure 42.

. T2H constellation data error out
1. select 3 )
([1E+06 ﬁs ‘ .sw Constants
= S
/T2 PDCCH @
- S s
:13"' >
¥ Visual Styl
@ PDSCH Decoded Data isual Style
<
( Showe Label
{[iE+08 _i:{a\%‘ .sw
Views O Icon

List

H Decoding Status
=T

[
9] —
:| ﬁ \ 17 AR error out
>
FPGA type ([ 2. General
T2H Rx Stream I T Geners
FIFCH T2H constellation data ¥

{4
{4

= @ -~
ssson gm0 8 S
- + T2H constellation data
@ 12H Channel Estimates USRP Resources.grsc\H2T PDSCH
error in (- ) F USRP Resources.grsc\PDSCH Decoded Data T2H
= __‘ $ ﬂ 3 :
o] > USRP Resources,grsc\PDSCH Decoding Status T2H

USRP Resources.grsc' T2H Channel Estimates

2. chose new name
USRP Resources.grsc\T2H PDCCH

USRP Resources.grsc\ T2H Rx Stream

USRP Resources.grsc\TX BB T2H

Figure 42 — “LTE DL RX FIFO Initialization.gvi” - Adopt FIFO name

Repeat the previous step for all FIFO nodes in the current VI.
Caution: Make sure to select the correct FIFO. Double-check if the name you selected matches the

comment you added to the document in step 2.
Repeat steps 1 through 8 for all VIs which contain a DMA FIFO node.
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USRP PROJECTS

This section describes the steps necessary for reusing a project that was initially based on the USRP API
and example projects in LabVIEW Communications 2.0.

This section includes the following subsections. Use the one that is most appropriate for the type of
USRP project you are migrating.

e Host API

e PC/PXle 40 MHz USRP RIO Single and Multi-Device
e PC/PXle 120 MHz USRP RIO Single and Multi-Device
e SISO TDD OFDM on NI USRP RIO

NIUSRP API

HOST

The USRP host-side API has several changes. When migrating code, this may cause Vls to be broken of
functionality to be lost. Review the following items and make updates to the migrated code as needed.

e "niUSRP Open Tx/Rx Session" and "niUSRP Close Session" had their error terminal placements
moved down to be match the other API calls.

1. Rewire any broken terminals as necessary.

Luske ] Session handle

@ session handle out

@I error out

Figure 44. 'nilUSRP Open Rx Session.gvi” (2.0)
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Elements in the niUSRP property node will mutate to the correct new mappings during the
conversion process. However, some data types have changed (see step “Enabled Channels”
property below). Property nodes using the Active Channel filter must be rewired.

1. The property node filters in LabVIEW Communications 2.0 are located beneath the property node
title as a dropdown menu (“All Active Channel”) as shown in Figure 45.

Set the attributes
specific to channel 0.

—_—m ®f
lLLLLLE 2 I — e = niUsRpP [
Ml Activ... = @ (&l Active Channel) ~ I
D Rate » tctive Channel
IQ) Rate » * Gain
il

» Active Antenna

» Carrier Frequency
[T

Gain 0

Active Antenna 0 @
Carrier Frequency 0 [Hz]

Gain 1

Figure 45: Active Channel Filter
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2. To specify a channel, select Wire on Diagram from the property node dropdown menu and wire
in the string. Delete the Active Channel element.

Set the attributes
specific to channel 0.

nilSRP Properties
@ P

F niUSRP 0

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, = niUsSRP
Il Activ.. - __{All Active Channel) ~
) Rate ) Wire on diagram
I Rate » @ All Active Channel
il

» Active Antenna

» Carrier Frequency
i

Gain 0

Active Antenna 0 IE*’
Carrier Frequency 0 [Hz]

O

Gain 1

Figure 46: Drop Down Menu from Active Channel Filter

Set the attributes
specific to channel 0.

— NiUSRP [T P ' > niUSRP
(Al Activ.. ~ D__Mf“ » (&ctive Channel) ~
IQ Rate L > Gain
1Q Rate » » Active Antenna
il » Carrier Frequenc
Gain 0 9 v il

Active Antenna 0

Carrier Frequency 0 [Hz]

Gain 1

Figure 47: Corrected Active Channel Filter (No Longer Shows Exclamation or Error)

Any subVI or cluster containing the previous niUSRP host session handles will be broken. The data
type for the session handle was changed completely. Any instance of the session that exists
between API calls or property nodes will load correctly. For reference, see Figure 44.

1. To fix subVls and clusters with the old session handle, the controls/indicators must be updated
to use the new instance, and any VI terminals must be updated.

40



The "Enabled Channels" property was changed from an enum to a string.

1. The data type of any controls/constants wired to this property must be updated to a string.

= niUSRP

(All Active Channel) v
» Enabled Channels

Figure 48: "Enabled Channels" Property (2.0)

“niUSRP Fetch Rx Data (CDB WDT)" was updated to use the waveform data type rather than the
previous replica type.

1. Any files using a property node wired to the output may need to be updated.

Figure 49: 'nilUSRP Fetch Rx Data (CDB WDT).gvi" (2.0)



PC/PXIE 40 MHZ USRP RIO SINGLE AND MULTI-DEVICE STREAMING

FPGA AND SYSTEM RESOURCES

Because the USRP interface (40 MHz BW) is deprecated with LabVIEW Communications 2.0, the new
interface must now be used on the FPGA top-level. The new interface now handles both the 40 MHz BW
and 120 MHz BW USRP models with the same interface. Hence, an FPGA bitfile rebuild is required.

1. Create a backup of your project.
2. Open your project in LabVIEW Communications 2.0.
3. Click Yes to convert as shown in Figure 50.

The version of this project is older than the current application. Do you
want to convert the project and automatically update and save your VIs?
This operation cannot be undone and it is recommended that you make a
copy of your project and files before proceeding.

Figure 50: Convert Dialog

4. Delete the following items from “USRP Resources.grsc”:
a. radio.responses 0

radio.responses 1

reg.host instruction fifo 0

reg.host instruction fifo 1

reg.host instruction fifo 2

@ USRP Resourcesgrsc * | + .
| usee v || 1005

~ FFO Create New

&4 radioresponses [ @4 radio.responses [ S reg.host [l S reg.host [l S reg.host
%T 1] %T %l instruction fifo 0 instruction fifo 1 .'\”l instruction fifo 2
1023 |___uss | 1023 |___uss | 1029 1029 T

®coooT

T Rx Stream 1 Tx Stream 0 %l Tx Stream 1
~ ~
1023 T 1029 T 1025 T

* Handshake Create New
* Memory Create New
* Register Create New
+ Derived Clocks Create New

Figure 51: Files to Delete from “USRP Resources.grsc”
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a0 USRP Resourcesgrsc* | +
i g v

| use v || 100%

~ FIFO Create New

Rx Stream 0 [ Sy, Rx Stream 1 [l & Tx Stream 0 [ S Tx Stream 1
) ¥ 3

1029 | usa | 1025
* Handshake Create New
' Memory Create New
* Register Create New
* Derived Clocks Create New

Figure 52: Final “URSP Resources.grsc”

5. Select your USRP Target on the System Designer and change the "Model" in the right-hand rail to the
non-deprecated version (ex: NI 2953R USRP (40 MHz BW) Deprecated » NI 2953R USRP (40 MHz
BW)) as shown in Figure 53.

Flll Migration_PC USRP RIQ... Streaming Zvproject | + Document
|

=, . ¥ B, =, | w0% v dedy Loee ES

ry E3

Sub-Label | Model -
L\ usrp Device State Mot Mapped d
@: NI 2953R (40 MHz BW)
Mapped To Do Not Map

-& ot
— | "&  PCle x4 (Upstream) Model
— Software
Streaming Xevr (FPGA).gui I 2040R USRP (120 MHz BW) B
FlPE]spr.Zx.eip T NI 2340R {120 MHz BW)
i TDC.cip E NI2040R USRP (40 MHz BW)
¥ Identity NI 2340R {40 MHz BW)
FDPB1spc2x1p.eip
= : NI242R USRP (120 MHz B
IE' FoPBLspezzph.sip : bt s NI 22A2R USRE (20 Mz B
R ] Serial# NI2042R USRP (40 MHz BW)
+ Add Software NI 2342R (40 MHz BW)
Wodel NI2943R USRP (120 MHz BW)
NI 2343R {120 MHz BW)
) NI2043R USRP (40 MHz BW)
¥ Visual Style NI 2543R (40 MHz BW)
Wiy NI2050R USRP (120 MHz BW)
NI 2350R {120 MHz BW)
Wertical NI 2950R USRP (40 MHz BW)
NI 2350R {40 MHz BW)
¥ Documentation NI2052R USRP (120 MHz BW)

NI 2352R {120 MHz BW)

INI2952R USRP (40 MHz BW)
NI 2952R (40 MHz BW)

<

Contest -
Manual

Help NI2953R USRP (120 MHz BW)

NI 2553R {120 MHz BW)

|

NI2953R USRP (40 MHz BW)
NI 2553R {40 MHz BW)

INI2953R USRP (40 MHz BW) Deprecated
NI2953R {40 MHz BW)

Figure 53: Select USRP Target from Right-Hand Rail

6. Generate a new 40 MHz Single-Device Streaming project in LabVIEW Communications 2.0 by
navigating to New » Project Templates » USRP RIO 40 MHz BW Single-Device Streaming.
Note: This project will only be used to copy the necessary project files and code sections into the
previous project that is being migrated.
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7. Copy two Vs from the new project into the original project.
a. As shown in Figure 54, find the following subVls from the <project directory>\FPGA SubVls
folder:
i. Create Resources.gyvi
il. Registers.gcdl

+ [l Builds
~ Gl FPGA SubVs
nn 6-1 Mux.gedl
i Core Stream Controller.ged|
I B> Create Resources.gvi I
nn DDC (Multi-Channel).gcdl
hh pDC (Single Channel).gcdl
hin DUC (Multi-Channel).gedl
hn pUC (Single Channel).gcdl
IP FDPBlspc2xdlp.eip
IP FDPBlspc2x2pb.eip
IP FDPBlspc3x.eip
IP FDPB2spc2x2pb.eip
IP FDPB2spc2xdpb.eip
IP FDPB2spc3x2pb.eip
IP FIPBlspc2x.eip
IP FIPBlspc3x.eip
IP FIPBZspc2x.eip
IP FIPBZspc3x.eip
IP FIRFilter_lspc.eip
IP FIRFilter_2spc.eip
IP IP_Block.eip
hn Input Stream Control.gcdl

hn Output Stream Control.gedl

hin Read FIFO (Multi-Channel...

nn Start Trigger.gcd|

hn Start Triggers Sync AUX.g...

hn Start Triggers Sync PP5 Tri...

hn Start Triggers Time.gcdl

IP TDC.eip

hi Write FIFO (Multi-Channe...
b B VD Filec

Figure 54. Files to Copy

b. Copy these on disk and paste to the same directory in the original project.



c. Inthe “Project Files” view on the Navigation Pane of the original project, the new files will
appear slightly greyed out. Right-click on each and select Include as shown in Figure 55.
Note: Since the “Create Resources.gvi” is not a specific FPGA document (for example, CDL,
MRD, and so on), there may be a prompt to select the target that the file should reside under.
Select the same USRP target that your other files in this directory reside under.

~ Tl FPGA SubVis
i 5-1 Mux.gedl

i Core Stream Controller.gcd!

B> Create Resources.gvi

hh DDC (Multi-Channelf Locate [tem in Windows Explorer
hin DDC (Single Channel].

fia DOC (Single Channell 4 * ) e

nn DUC (Multi-Channel)

i DUC (Single Channel).gcdl
IP FDPBlspc2dp.cip

IP FDPBLspc2i2pb.cip
IP FOPBLspcix.eip

IP FDPB2spc2apb.cip
IP FDPB2spc2xdpb.cip
IP FDPB2spciipb.cip
IP FIPBlspc2x.cip

IP FIPBlspc3x.cip

IP FIPB2spc2x.cip

IP FIPB2spc3x.cip

IP FIRFilter_lspc.gi
IP FIRFilter_2spc.&j
IP IP_Block.eip

hh Input Stream Fontrol.gcdl

hh Qutput Stre
fin Read FIFO
i

Control.ged!
ulti-Channel).gcd!

hh Start Trigger.gcdl
IP TDC.cip

Figure 55. Files to Include

8. Inyour original project, open the “Streaming Xcvr (FPGA).gvi".



9. Find the three Clock-Driven Loops used for interfacing with the USRP and remove those loops as

shown in Figure 56.

ol Scilings Regislor Bus - Roguired Loop

Sp—
sy mcrfy haont ga rowd O
gy howt rmadign roed 0

¥

- *sqmatfy hoitga 0
TR ~»g hont rwad deta 1

E'; =

| g
i
o]
Retin Schinga Asgtler S ~Ammutrd Loep Clock-D
= = . ol ) regnetify hestn
g vt 1 - |

segmabfy hont ga o 1 [
o howt radiga roed 1 [

BB reg howt rescidats 1

pe—T -
reny iy hanon rovd 2 P
reg ot remcd g e 2 (I

—T—

" *
o Tz 1 J I

R ayate & R

1.1 -D]

- !

oy Txvegae o ([

» LTI |'

Figure 56: Clock Driven Loops
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10. Open the “Streaming Xcvr (FPGA).gvi” of the new project.
a. As shown in Figure 57, select and copy the following from the Diagram: “Create Resources.gvi”,
“Process.gvi”, the Clock Constant, and the Clock-Driven Loop.

Register Bus and Required Canirole/Indicators

reg.reset 0 (WP
reg oty host.go reve 0 [P
reg.host read go reve 0 [P

==

Figure 57: Clock-Driven Loop to Copy From

11. In the project you wish to migrate, paste the elements you copied from the new streaming project.
a. Rewire the “sync.resources” cluster wire from the “Create Recources.gvi” to the “Start

Trigger.gcdl” as shown in Figure 58.

reg.reser O

reg.notify host.go revd 0 (TP

reghost read.go revd 0 (RER

@

rx.enable trigger sync
rx.enable trigger
rsoftware trigger

' 0.5tream enabled
rx 1.stream enabled

rx.trigger select ([ELP—

xarigger select (ELEF—

Figure 58: Rewire Cluster Wire to Start Trigger

12. Allow all document changes to finish loading and save all files.
13. Close the new streaming project as it is not needed anymore.
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14. Compile the FPGA VI.
a. Open the System Designer (in the “Project Files” view of the Navigation Pane on the left) by
double-clicking on the top project file.
Select the FPGA top-level under the target you want to build the bitfile for.
Click Build on the right pane as shown in Figure 59.

File Edit View Help © Logihv
{0} Migration_PC USRP RIO .. Streaming vproject* |+ “ Document »
Ne®, =, S, 4 W, =, 0% v | > Narme | Streaming Xcwr (FPGA) | =

~ & Migration_PC USRP RIO 40 MHz...
B> Full Duplex Streaming (Host).gvi
[ ]

7 2 @
Calculate I Power Level.gvi i Type V.
Fetch Rx Data (1D CDB WOT).vi
Multi Device Initiate.gvi

Configure Synchronization.gvi

L]

B> R Streaming (Host).gvi
B> Streaming Xcvr (FPGA).gvi
B> TxStreaming (Host).gvi

5% B

Construct Channels.gvi v Build Options

Configure Trigger Synchronization.qvi Build Output | itfile X

'
@) USRP Resources.grsc LY ULSR”?3 S Build Name. Build Specification
: & NI29S3R (40 MHz BW
B USRP Streaming.htm! *
Narme Preview: nillsrpRio Xevr-000Livbitx
» I Builds T i e
» Il FPGA SubVls Prefix: nilstpRio Xevr

PCle x4 (Upstream)
» Il Host SubVls e

Include automatic numbering

1P E
5
§

i

Streaming Xcvr (FPGA).gvi

Number of digits

FIPB1spc2x.eip

Starting number:

TDC.eip

Ask before writing over existing file names.
Warning threshold for FPGA resources 8%
\ Run when loaded to FPGA

Build

FDPB1spc2xip.eip.
FDPB1spc2x2pb.eip

USRP Resources.grsc 1

¥ Compile Symbols

User-Defined Symbols

7
v

Name | Value v

Figure 59: Compile the Project

15. (Recommended) Once the bitfile is finished building, exclude it from the project as shown in Figure
60 and include it again. This will ensure that the latest changes are actually applied.

[
.) USRP Resources.grsc
» Bl 80211411
~ @l Builds
02.11 FPGA USRP RIO 40 MHz BW 5T...
h Q Locate Itern in Windows Explorer
3 i Co
Open
» Il US w Dp |
uplicate
il Linksg
a E[1 Rename
| — Exclude |
. Delete

1% H P E)

Figure 60: Option to Exclude Bitfile
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HOST-SIDE

The FIFO resource names in the Host subVls that interface with DMA FIFOs must be updated. This
includes VIs which aren't in Vl.lib (Sample Project VIs and User Vls). In LabVIEW Communications 2.0,
the FIFO resource contains additional prefixes for the FPGA resource file name along with the FIFO
name itself. For example, "Rx Stream 0" becomes “USRP Resources.grsc\Rx Stream 0.” All FIFO node
instances (Start/Stop, Configure, and Read/Write), along with any FPGA reference terminals, must be
updated.

Use your newly compiled bitfile from step 14 above to get access to the DMA FIFO references required.

1. Open the “Configure Stream.gvi” in the <project directory>\Host SubVls folder of your project.
a. Select the "ConstantData4" terminal and in the right-hand rail click Configure.

igration_PC USRP RIO ... Streaming.vproject * | B> Configure Streamagui ~ | + Docurment »
@ = | Pone o | % 4 N 100% v | Editlcon| » View on Connector Pane a
2
v Terminals

BCW  ConstantDatad

Ri
niUsrpRio Session (out) ¥ Visual Style

: Label
‘P_?: x Show Label
number of samples [@EEP—1 )_Ll g | Label Placement | Label on Side v

scope

i host FIFO depth [TEFR>
T ) .

niUsrpRio Session (IR 7 @ —
T = -
- v FPGA Host Interface

error in (IR —| =

N ¥ Configure..

number of samples is finite (@ W
>
v Documentation

=1z Unable to allocate enough memory for the host FIFO. IEII
Requested FIFO size to allocate: %d samples GoRt:
Actual FIFO size allocated: %d samples Help

Retry with a smaller number of samples to acquire/generate or provide a value for the host FIFO depth input. Note that host F:

v Type Definition

Figure 61. Right-Hand Rail Configure Option
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i. Inthe "FPGA Interface Dynamic Refnum Configuration” dialog, click Import bitfile
and browse to your recently compiled bitfile.
Note: The default location will be in the <project directory>\Builds folder but this,
along with the file name, will vary based on the configuration of the build spec
used during compile.

Fpga Interface Dynamic Refrium Configuration x  12BWSingle-Uevice Streaming” - LabVIEW LOMmMUNICations System Uesign Suite

B select a Bitfile i x|
Type Name of the resource Data type of the resource -
iniDe=KopyMigration, PC USRP RIO 40 Mz g ~ | (23 [ searchBuids
Reg [reghost read.go revd 0 [Boolean =
Z Organize v New folder = ~ 0l @
Reg [ reg.notify host.go 0 [Boolean [x] | |
el o = = ¢ Favorttes Nair§ i
e .noti st X
g | reg.notify host.go rcve colean [x] B Deskion B kg
Reg [reg.reset0 [Boolean [x] Y/ Dowiceds ] nilisrpRio_Xcvr Jvbitx
- i Recent Places B riusrori 001.Ivbit
Reg [reg.host read.data 0 [Cluster [x] = =
- 4 Libraries
Re notify host.go revd 1 Bool x B
g [ reg.notify host.go rcv [Boolean [x] B i
Reg [reg.notify host.go 1 [Boolean [x] ghic
k=] Pictures
Reg [reg.host read.go revd 1 [Boolean Videos

Reg [regreset] [Boolean /
Reg [regreset2 W
Reg [reg.notify host.go rcvyT Boolean

v

Import bitfile
Import build spec

% Computer

€ Network

] x| X]

File name: [ nillsrpRio_Xcvr-000Livbit =] [eitites ¢Ivbity |

& G [ |

2

Figure 62: Import Bitfile

i. (Optional) With the “FPGA Interface Dynamic Refnum Configuration” dialog still
open, remove all unused resources by clicking the X symbol on the right side.
Note: This will not affect functionality but may make it easier to view used resources
at a later time.

iii. Click OK in the "FPGA Interface Dynamic Refnum” dialog.
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b. Update to the new DMA FIFO's in each Case Structure for each “rx” and “tx" case that
contains a nested Case Structure for Stream, 0 and 1. Each case will contain one, or more,
FIFO nodes of a Start DMA FIFO, Stop DMA FIFO, and Configure DMA FIFO. Using the
right-hand rail configuration, update each FIFO node to the following:

i. Rx Stream 0 » USRP Resources.grsc\Rx Stream 0

i. Rx Stream 1 » USRP Resources.grsc\Rx Stream 1

ii. Tx Stream 0 » USRP Resources.grsc\Tx Stream 0

Tx Stream 1 » USRP Resources.grsc\Tx Stream 1

_Z. _.

[ RX Stream 0 W eferenceout

....................................... Bl erorout
4 "nc’, Default v [b
4 0%, Default v [p JEeooeeee Constants

Gl

> Read/Write FPGA Control |-, v Visual Style
A les to acquire
,,,,,,, W
,— Show Label
View

th input. Note that host FIFO size must be g than-or-equal to the number of samples to

nilnstr Register Bus v0.grsc\reg.host instruc|

USRP Resources,grsc\Rx Stream 0

v Documentation

= USRP Resources.grsc\Rx Stream 1
II USRP Resources.grsc\Tx Stream 0

Context USRP Resources.grsc\Tx Stream 1
v Help | |

| RxStream 0 (invalid

Figure 63: Update DMA FIFOs

2. Follow the same general steps from step 1 for the "Fetch Rx Data (U32).gvi" in the <project
directory>\Host SubVls folder of your project
a. Select "ConstantData3" and click Configure in the right-hand rail as shown in Figure 64.

Migration_PC USRP RIO..ce Streaming.ivproject ~ | B> Fetch R Data U32igvi : + . Dacurnent
@ S| pme m spic_ | @ | g% 4N =, | Host v || 100% | Editicon| 4
+| = Behaviar
Object © Control
Indicator
Connection

number of samples ([EEERF—T

[] On Connector Pane

Wiew on Connector Pane

¥ Terminals
) dlir ECE ConstantData3
scope
niUsrpRio Session (I8P v Wisual Style
: = Label
error in (P
me Show Label

/

Label Placement | Label on Side v

ettionl rarmye [op] z \ Autosize Lobel
| EH b ZE) scaling (v/code)
(0 » T~ \'FPGA Host Interface

[ £+ Configure.

¥ Dacumentation

> = M

Figure 64. Configure Dialog in Right-Hand Rail



3.

b. Click Import bitfile and browse to your recently compiled bitfile. Click OK.
c. Update the left-most Case Structure’'s Read DMA FIFO to point at the new DMA FIFQO's for

both cases. Change this by going to the right-hand rail configuration. Update the following:

i. Rx Stream 0 » USRP Resources.grsc\Rx Stream 0
ii. Rx Stream 1 » USRP Resources.grsc\Rx Stream 1

4/ "0", Default ¥ |»
ff_‘-
|
‘E‘—‘ H

i

L S

>_1‘ + >—Z) scaling (V/code)

Constants
leading samples to trim ({IE3>
v Visual Style
ooonosonoosonoos 1 L1- T cocanoconooconnomy
|| Show Label
View © Icon
) error ou List
¥ General
FIFO A eam 0
v Documentation  |LOSR Resourcezarc\ o Siream )
USRP Resources.grsc\Rx Stream 1
; II || R«Stream 0 (invalid

Figure 65: Update Read DMA FIFO

Follow the same general steps from step 1 and step 2 for the "Write Tx Data (U32).gvi" in the

<project directory>\Host SubVls folder of your project.

a. Select "ConstantData2" and click Configure in the right-hand rail.

ation_PC USRP RIO...ce Streaming.lvproject ~ | B> Wite Tx Data (U32)gvi [

= rone I el L | Host

0L 5. 3. % 4 N

v | 100% v ||Editicon)

-_ Document »

a

@) niUsrpRio Session out

scope (@ENP
niUsrpRio Session (IEEF

error in (B>

2 error out

a

¥ Behavior

Object © Control

Indicator

Connection
[] On Connector Pane

! View on Connector Pane

¥ Terminals

BCW  ConstantData2

v Visusl Style
Label
Show Label
Label Placement | LabelonSide ¥ |

Autosize Label

v FPGA Host Interface

| Lk Configure...

¥ Documentation

Gl Y

Figure 66: Configure Dialog in Right-Hand Rail

b. Click Import bitfile and browse to your recently compiled bitfile. Click OK.
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C.

Update the Case Structure’s Write DMA FIFO to point at the new DMA FIFO's for each
case. Change this by going to the right-hand rail configuration. Update the following:

Tx Stream 0 » USRP Resources.grsc\Tx Stream 0
Tx Stream 1 » USRP Resources.grsc\Tx Stream 1

.
¥ Visual Style
= || Show Label
4/"0", Defaultvy p
Wiew © Icon
. 3
= B @‘>—m' error out List
__________________ v General
FIFO Tx Stream 0 (Invalid) v
w Documentation nilnstr Register Bus v0.grsc\reg.host instruc|
[ USRP Resources.grsc\Tx Stream 0
| USRP Resources.grsc\Tx Stream 1
IE|I Tx Stream 0 (Invalid)
Context nline | [ _’

Figure 67: Upadate Write DMA FIFO

Note: Similar changes must be made if any DMA FIFO's were added to the project in previous versions

of LabVIEW Communications.
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PC/PXIE 120 MHZ USRP RIO SINGLE AND MULTI-DEVICE

FPGA AND SYSTEM RESOURCES

1. Create a backup of your project.
2. Open your project in LabVIEW Communications 2.0.
3. Click Yes to convert as shown in Figure 68.

Convert?

The version of this project is older than the current application. Do you
want to convert the project and automatically update and save your VIs?
This operation cannot be undone and it is recommended that you make a
copy of your project and files before proceeding.

Figure 68: Convert Dialog

4. Delete the following items from “USRP Resources.grsc”:

a.

e oooT

radio.responses 0
radio.responses 1
reg.host instruction fifo 0
reg.host instruction fifo 1
reg.host instruction fifo 2

Y USRP Resourcesgrsc | + =
4 g
| USRP v || 100%

~ FIFO Create New
4 radio.responses | ®y4  radio.responses [ S reg.host [N S reg.host [l S reg.host
"\.‘:T 1] "\.‘:T 1 t’ instruction fifo 0 g". instruction fifo 1 Ql instruction fifo 2
1022 [ uc: | 1022 [ us: | 1023 T 1025 1025 [ usi |
& Rx Stream 0 [N Sy, Ry Stream 1 Tx Stream 0 [N S Tx Stream 1
= = =l
[ w2 |
* Handshake Create New
v Memory Create New
' Register Create New
+ Derived Clocks Create New

Figure 69: Items to Delete from “USRP Resources.grsc”
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a0 USRP Resourcesgrsc* | +
i g v

| uske v || 100%

~ FIFO Create New

* Handshake CrizlE
* Memory Create New
' Register Create New
* Derived Clocks Ol

Figure 70: Corrected “USRP Resources.grsc”

5. Open the “Streaming Xcvr (FPGA).gvi” of the new project.
6. Change the DMA FIFO reference going into the “Process.gcdl” by clicking the 10 Constant drop-
down. From that drop-down menu, select “nilnstr Register Bus v0.grsc\reg.host instruction fifo 0.

Ielj]
A

MHz Onboard ok | 71 Register Bus and Required Controls/Indicators |’

A clock

JO Constant
EUSRP Resources.grsc\reg.host instruction fifo 0 i

reg.notify host.go rovd 0 (RGP
reg.host read.go revd O (RGP

grsesssesneces ) rag notify host.go 0
ZEIW reg host resd.data 0

Figure 71: Change DMA FIFO Reference



7. Compile the FPGA VI.
a. Open the System Designer (in the “Project Files” view of the Navigation Pane on the left)
and double-click on the top-most project file.
Select the FPGA top-level under the target you want to build the bitfile for.
Click Build on the right-hand rail as shown in Figure 72.

File Edit View Help © loghv
4, “ Document »
% - = . . = 10% v
= +. » O X HE, T4 W, =, 0% | B Name | Streaming Xewr (FPGA) 1=
~ & Migration_PC USRP RIO 40 MHz.. Calculate IQ Power Level.gvi J v Type M
B> Full Duplex Streaming (Host).gvi n e
» Multi Device Initiate.gvi i ~a
[ Configure Synchronization.gvi i
Ql . v Build Options
=] construct Channels.gvi
Configure Trigger Synchronization.qvi Build Output. | Bitfile v
e 3 o pe——
) USRP Resources.grsc = = iy },1‘5,5&3,4. o Build Name | Build Specification
B USRP Streaming.htm! El;l‘ MXTEXpress 0 -t
& || i pcie-s371 Narme Previcer nillsrpRio_Xevr-000Livbitx
» I Builds — | 5 S
» I FPGA SubVis |—_‘W|‘ Port 1 | Pete x4 (Upstream) Prefic nilstpRio_Xevr
» Il Host SubVis —— [ I ¥4 Include automatic numbering
[ | Streaming Xevr (FPGA).gvi D — =
— FIPB1spc2x.cip :
ToC.eip Starting number: 1S
FDPB1spc2x1p.cip Ask before writing over existing file names.
FDPB1spc212pb. eip Warning threshold for FPGA resources 80 %
USRP Resources.grsc
i ] Run when loaded to FPGA
| EE e -
v Compile Symbols
|| user-Defined Symbols
< > Name | Value bt

Figure 72: Compile FPGA VI by Clicking Build

8. (Recommended) Once the bitfile is finished building, exclude it from the project as shown in Figure
73 and include it again. This will ensure that the latest changes are actually applied.

[
.‘, USRP Resources.grsc
» B 8021111
~ il Builds
f 802,11 FPGA USRP RIO 40 MHz BW 5T...
H Q Locate Itern in Windows Explorer
k i Co
Open
» Bl US W Dp .
) uplicate
il Linkd
E]1 Rename
| — Exclude |
¥ Delete

1] %[H T E

Figure 73: Exclude File



HOST-SIDE

Follow the same steps listed in the PC/PXle 40 MHz USRP RIO Single and Multi-Device Host-Side
section.
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SISO TDD OFDM ON NI USRP RIO

FPGA AND SYSTEM RESOURCES

Because the USRP interface (40 MHz BW) is deprecated with LabVIEW Communications 2.0, the new

interface must now be used on the FPGA top-level. The new interface now handles both the 40 MHz BW

and 120 MHz BW USRP models with the same interface. Hence, an FPGA bitfile rebuild is required.

1.
2.
3.

Create a backup of your project.
Open your project in LabVIEW Communications 2.0.
Click Yes to convert as shown in Figure 74.

The version of this project is older than the current application. Do you
want to convert the project and automatically update and save your VIs?
This operation cannot be undone and it is recommended that you make a
copy of your project and files before proceeding.

Figure 74. Convert Dialog

Delete the following items from “USRP Resources.grsc”:
a. radio.responses 0

radio.responses 1

reg.host instruction fifo 0

reg.host instruction fifo 1

reg.host instruction fifo 2

®coooT

O USRP Resourcesgrsc™ © B Hosgdi | B tanscever topgui |+ 4

USRP | s

Crests New

B ‘o
i

1028

* Handshake

» Memory
* Register

~ Derived Clocks

@ 100 MHz Clock

100 M

Figure 75: Final “URSP Resources.grsc”

Craate New

Creste New

Creste New

Create New
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5. Select your USRP Target on the System Designer and change the "Model" in the right-hand rail to the
non-deprecated version (ex: NI 2953R USRP (40 MHz BW) Deprecated » NI 2953R USRP (40 MHz
BW)) as shown in Figure 76.

10} Wigration_PC USRP RIC... Streaming 2hvpraject | + o Docurment

=, 3, ¥ B, =, wx% - jf Lokl USRP

a S

Sub-Label Model v

L\ usrp Device State Not Mapped q
:#: NI 2953R (40 MHz BW)
Mapped To Do Not Map
|
D o= {Erem) Madel NI2953R USRP (40 MHz BW) Deprecated
Software NI 2353R {40 MHz BW)

Streaming Xcvr (FPGA).gui

FIPBispc2i.cip

TDC.cip E NI2040R USRP (40 MHz BW)
A\ Ider\t\[y NI 2340R {40 MHz BW)

NI 2940R USRP (120 MHz BW)
NI 2Z540R {120 MHzZ BW)

FDPBLspc2xlp.eip
q NI 2942R USRP (120 MHz BW)
FDPBLspc2x2ob.eip q Harduare Narme NI 2842R (120 MHz BW)

R iR

USRP Resources.grsc d Serial # NI 2942R USRP (40 MHz BW)
+ Add Software NI 2342R (40 MHz BW)

NI 2943R USRP (120 MHz BW)

Mode|
NI 2342 (120 MHz BW)
2 NI2943R USRP (40 MHz BW)
w Wisual Style NI 2343R (40 MHz BW)
Wiewr NI 2950R USRP (120 MHz BW)
NI 2950R {120 MHz BW)
Wertical NI 2950R USRP (40 MHz BW)
NI 2350R (40 MHz BW)
¥ Dacurentation NI2952R USRP (120 MHz BW)

NI 2352R {120 MHz BW)

) INI2952R USRP (40 MHz BW)
= g NI 2952R {40 MHz BW)
NI 2953R USRP (120 MHz BW)
NI 2953R {120 MHz BW)

o N

Manual

NI2953R USRP (40 MHz BW)
NI 2353R {40 MHz BW)

INI2953R USRP (40 MHz BW) Deprecated
NI 2953R {40 MHz BW)

Figure 76: Select USRP Target from Right-Hand Rail

6. Generate a new SISO TDD OFDM project by navigate to Learning » Hardware Input and Output » NI
USRP RIO » SISO TDD OFDM on NI USRP RIO.
Note: This project will only be used to copy the necessary project files and code sections into the
previous project that is being migrated.
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7. Copy two Vs from the new project into the original project.
a. As shown in Figure 77, find the following subVls from the <project directory>\PXle USRP RIO
Streaming \FPGA SubV/s\folder:
i. Create Resources.gvi
il. Registers.gcdl

+ [l Builds
~ Gl FPGA SubVs
nn 6-1 Mux.gedl
i Core Stream Controller.ged|
I B> Create Resources.gvi I
nn DDC (Multi-Channel).gcdl
hh pDC (Single Channel).gcdl
hin DUC (Multi-Channel).gedl
hn pUC (Single Channel).gcdl
IP FDPBlspc2xdlp.eip
IP FDPBlspc2x2pb.eip
IP FDPBlspc3x.eip
IP FDPB2spc2x2pb.eip
IP FDPB2spc2xdpb.eip
IP FDPB2spc3x2pb.eip
IP FIPBlspc2x.eip
IP FIPBlspc3x.eip
IP FIPBZspc2x.eip
IP FIPBZspc3x.eip
IP FIRFilter_lspc.eip
IP FIRFilter_2spc.eip
IP IP_Block.eip
hn Input Stream Control.gcdl

hn Output Stream Control.gedl
hin Read FIFO (Multi-Channel...
nn Start Trigger.gcd|

hn Start Triggers Sync AUX.g...
hn Start Triggers Sync PP5 Tri...
hn Start Triggers Time.gcdl

IP TDC.eip

hi Write FIFO (Multi-Channe...
b B VD Filec

Figure 77: Files to Copy

b. Copy these on disk and paste to the directory in the original project: <project directory>\PXle
USRP RIO Streaming\FPGA SubVls



c. Inthe “Project Files” view on the Navigation Pane of the original project, the new files will
appear slightly greyed out. Right-click on each and select Include as shown in Figure 78.
Note: Since the "“Create Resources.gvi” is not a specific FPGA document (for example, CDL,
MRD, and so on), there may be a prompt to select the target that the file should reside under.
Select the same USRP target that your other files in this directory reside under.

~ Tl FPGA SubVls
n 5-1 Mux.gedl

N Care Stream Controller.gedl

B> Create Resources.gvi
hih DDC (Multi-Channe® Locate Itern in Windows Explorer
%m DDC (Single Channel) == 2=

fin DUC (Multi-Channel),

i DUC (Single Channel).gedl
IP FDPElspc2:dp.cip

[P FOPBlspc2i2pb.cip
[P FDPElspc3xcip

[P FOPB2spc2i2pb.cip
[P FOPB2spc2idpb.cip
[P FOPE2spci2pb.cip
[P FIPBlspc2rcip

[P FIPB1spc3xcip

[P FIPB2spc2xcip

IP FIPB2spc3r.cip

[P FIRFilter_Lspe.ci
[P FIRFilter_2spe.c
IP IP_Block.eip

hh Input Stream Fontrol.gcdl

hh Qutput Strs
fin Read FIFO
i

Control.ged!
ulti-Channel).gcd!

hh Start Trigger.gcdl
IP TDC.cip

Figure 78: Files to Include

8. In the original project, open the “transceiver_top.gvi”.



9. Find the three Clock-Driven Loops used for interfacing with the USRP and remove those loops as

shown in Figure 79.

ol Scilings Regislor Bus - Roguired Loop

Sp—
sy mcrfy haont ga rowd O
gy howt rmadign roed 0

¥

- *sqmatfy hoitga 0
TR ~»g hont rwad deta 1

E'; =

| g
i
o]
Retin Schinga Asgtler S ~Ammutrd Loep Clock-D
= = . ol ) regnetify hestn
g vt 1 - |

segmabfy hont ga o 1 [
o howt radiga roed 1 [

BB reg howt rescidats 1

pe—T -
reny iy hanon rovd 2 P
reg ot remcd g e 2 (I

—T—

" *
o Tz 1 J I

R ayate & R

1.1 -D]

- !

oy Txvegae o ([

» LTI |'

Figure 79: Clock Driven Loops
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10. Open the “Streaming Xcvr (FPGA).gvi” of the new project.
a. As shown in Figure 80, select and copy the following from the Diagram: “Create Resources.gvi”,

“Process.gvi”, the Clock Constant, and the Clock-Driven Loop.

:»H O R €] Register Bus and Required Canirole/Indicators

reg oty host go v © (P
3 reg o rezigo o QP
) ! -
* | =
@
g==

Figure 80: Clock-Driven Loop to Copy From

11. In the project you wish to migrate, paste the elements you copied from the new sample streaming

project.
a. Rewire the “sync.resources” cluster wire from the “Create Recources.gvi” to the “Start

Trigger.gcdl” as shown in Figure 81.

[ g

regreset0

reg.notify host.go revd O (G

= reghost read.go revd 0 (P

ol

* - 4
| ,
®
o
Data Clock (]

4 Cloek

r.enable trigger sync
nx.enable trigger
. softwiare trigger

rx 0.stream enabled
rx 1.stream enabled

rx.trigger select (ELEP—

tx.trigger select [EEF—

Figure 81. Rewire Cluster Wire to Start Trigger

12. Allow all document changes to finish loading and save all files.

63



13. Close the new project as it is not needed anymore.
14. Compile the FPGA VI.
a. Open the System Designer (in the “Project Files” view of the Navigation Pane on the left) by
double-clicking on the top project file.
Select the FPGA top-level under the target you want to build the bitfile for.
Click Build in the right-hand rail as shown in Figure 82.

¥ Build Optians

Build Output Bitfile v
Build Name transceiver_top
Name Preview:  transceiver topubitx
Prefix transceiver_top

Include automatic numbering
45
15
Ask before wiiting over existing file names.
‘Wamning threshold for FPGA resources: 20 %
Run when loaded to FPGA
FPGA Compiler Preferences

Jd usre

Build
& NI2953R (40 MHz BW)

Porte
T PCle x4 (Upstream)

¥ Compile Symbols

User-Defined Symbols

Name Value
[ roeetspezczpb.cip 5

B rFreispcaxein |

B 1ocen | Target-Defined Symbols
eme vaue
Bl UsRP Resources.grsc TARGET_TYPE FPGA

+ FPGA_TARGET_FAML., KINTEX7

FPGA_TARGET_EXEC... FPGA_SIMULATION
FPGA_TARGET_CLASS | USRP_294XR_295XR.

v Documentation
v

» i .

Figure 82: Compile the Project

15. (Recommended) Once the bitfile is finished building, exclude it from the project as shown in Figure

83 and include it again. This will ensure that the latest changes are actually applied.

[

.‘) USRP Resources.grsc
» B 8021111
~ il Builds

: 802.11 FPGA USRP RIO 40 MHz BW 5T...

Q, Locate Item in Windows Explorer K
k i Co
0
vy O e
) Duplicate
il Linkd
=1 Rename /"g
|— Exclude | g~
¥ Delete

Figure 83: Option to Exclude Bitfile
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HOST-SIDE

The FIFO resource names in the Host subVls that interface with DMA FIFOs must be updated. This
includes VIs which aren't in Vl.lib (Sample Project Vis and User Vls). In LabVIEW Communications 2.0,
the FIFO resource contains additional prefixes for the FPGA resource file name along with the FIFO
name itself. For example, "Rx Stream 0" becomes “USRP Resources.grsc\Rx Stream 0.” All FIFO node
instances (Start/Stop, Configure, and Read/Write), along with any FPGA reference terminals, must be
updated.

Use your newly compiled bitfile from step 14 above to get access to the DMA FIFO references required.

1. Open the “Configure Stream.gvi” in the <project directory>\Host SubVls folder of your project.
a. Select the "ConstantData4" terminal and in the right-hand rail click Configure.

igration_PC USRP RIO ... Streaming.vproject * | B> Configure Streamagui ~ | + Docurment »
@ = | Pone o | % 4 N 100% v | Editlcon| » View on Connector Pane a
2
v Terminals

BCW  ConstantDatad

Ri
niUsrpRio Session (out) ¥ Visual Style

: Label
‘P_?: x Show Label
number of samples [@EEP—1 )_Ll g | Label Placement | Label on Side v

scope

i host FIFO depth [TEFR>
T ) .

niUsrpRio Session (IR 7 @ —
T = -
- v FPGA Host Interface

error in (IR —| =

N ¥ Configure..

number of samples is finite (@ W
>
v Documentation

=1z Unable to allocate enough memory for the host FIFO. IEII
Requested FIFO size to allocate: %d samples GoRt:
Actual FIFO size allocated: %d samples Help

Retry with a smaller number of samples to acquire/generate or provide a value for the host FIFO depth input. Note that host F:

v Type Definition

Figure 84. Right-Hand Rail Configure Option
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i. Inthe "FPGA Interface Dynamic Refnum Configuration” dialog, click Import bitfile
and browse to your recently compiled bitfile.
Note: The default location will be in the <project directory>\Builds folder but this,
along with the file name, will vary based on the configuration of the build spec
used during compile.

Fpga Interface Dynamic Refrium Configuration x  12BWSingle-Uevice Streaming” - LabVIEW LOMmMUNICations System Uesign Suite

B select a Bitfile i x|
Type Name of the resource Data type of the resource -
iniDe=KopyMigration, PC USRP RIO 40 Mz g ~ | (23 [ searchBuids
Reg [reghost read.go revd 0 [Boolean =
Z Organize v New folder = ~ 0l @
Reg [ reg.notify host.go 0 [Boolean [x] | |
el o = = ¢ Favorttes Nair§ i
e .noti st X
g | reg.notify host.go rcve colean [x] B Deskion B kg
Reg [reg.reset0 [Boolean [x] Y/ Dowiceds ] nilisrpRio_Xcvr Jvbitx
- i Recent Places B riusrori 001.Ivbit
Reg [reg.host read.data 0 [Cluster [x] = =
- 4 Libraries
Re notify host.go revd 1 Bool x B
g [ reg.notify host.go rcv [Boolean [x] B i
Reg [reg.notify host.go 1 [Boolean [x] ghic
k=] Pictures
Reg [reg.host read.go revd 1 [Boolean Videos

Reg [regreset] [Boolean /
Reg [regreset2 W
Reg [reg.notify host.go rcvyT Boolean

v

Import bitfile
Import build spec

% Computer

€ Network

] x| X]

File name: [ nillsrpRio_Xcvr-000Livbit =] [eitites ¢Ivbity |

& G [ |

2

Figure 85 Import Bitfile

i. (Optional) With the “FPGA Interface Dynamic Refnum Configuration” dialog still
open, remove all unused resources by clicking the X symbol on the right side.
Note: This will not affect functionality but may make it easier to view used resources
at a later time.

iii. Click OK in the "FPGA Interface Dynamic Refnum” dialog.
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2.

Update to the new DMA FIFO's in each Case Structure for each “rx” and “tx” case that
contains a nested Case Structure for Stream, 0 and 1. Each case will contain one, or more,
FIFO nodes of a Start DMA FIFO, Stop DMA FIFO, and Configure DMA FIFO. Using the
right-hand rail configuration, update each FIFO node to the following:

i. Rx Stream 0 » USRP Resources.grsc\Rx Stream 0

i. Rx Stream 1 » USRP Resources.grsc\Rx Stream 1

ii. Tx Stream 0 » USRP Resources.grsc\Tx Stream 0

Tx Stream 1 » USRP Resources.grsc\Tx Stream 1

_Z. _.

[ RX Stream 0 W eferenceout

....................................... Bl erorout
4 "nc’, Default v [b
4 0%, Default v [p JEeooeeee Constants

Gl

> Read/Write FPGA Control |-, v Visual Style
A les to acquire
,,,,,,, W
,— Show Label
View

th input. Note that host FIFO size must be g han-or-equal to the number of samples to EED
v Documentation _Lnilnstr Register Bus W0.grsc\reg.host instruc}
USRP Resources grec\R Stream 0
5 USRP Resourcesgrsc\R Stream 1
II USRP Resources.grsc\Tx Stream 0
Context USRP Resources.grsc\Tx Stream 1
v He | || Soam0 Gmenid

Figure 86: Update DMA FIFOs

Follow the same general steps from step 1 for the "Fetch Rx Data (U32).gvi" in the <project
directory>\Host SubVls folder of your project

a.

Select "ConstantData3" and click Configure in the right-hand rail as shown in Figure 87.

T T
Migration_PC USRP RIO..ce Streaming.ivproject ~ | B> Fetch Rx Data (U32igvi |+ 4 Dacurnent

.§‘Pane\m§pht‘g| . X 4 %

Host v || 100% | Editicon| -
oIl v Eehavior

=

Object © Control

Indicator

Connection
number of samples ([EEERF—T

[] On Connector Pane

Wiew on Connector Pane

¥ Terminals
) dlir ECE ConstantData3
scope
niUsrpRio Session (I8P v Wisual Style
: = Label
error in (P
me Show Label

/

Label Placement | Label on Side v

ettionl rarmye [op] z \ Autosize Lobel
| EH b ZE) scaling (v/code)
(0 » T~ \'FPGA Host Interface

[ £+ Configure.

¥ Dacumentation

> = M

Figure 87: Configure Dialog in Right-Hand Rail
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3.

b. Click Import bitfile and browse to your recently compiled bitfile. Click OK.
c. Update the left-most Case Structure’s Read DMA FIFO to point at the new DMA FIFQO's for

both cases. Change this by going to the right-hand rail configuration. Update the following:

i. Rx Stream 0 » USRP Resources.grsc\Rx Stream 0
ii. Rx Stream 1 » USRP Resources.grsc\Rx Stream 1

4/ "0", Default ¥ |»
ff_‘-
|
‘E‘—‘ H

i

L S

>_1‘ + >—Z) scaling (V/code)

Constants
leading samples to trim ({IE3>
v Visual Style
ooonosonoosonoos 1 L1- T cocanoconooconnomy
|| Show Label
View © Icon
) error ou List
¥ General
FIFO A eam 0
v Documentation  |LOSR Resourcezarc\ o Siream )
USRP Resources.grsc\Rx Stream 1
; II || R«Stream 0 (invalid

Figure 88: Update Read DMA FIFO

Follow the same general steps from step 1 and step 2 for the "Write Tx Data (U32).gvi" in the

<project directory>\Host SubVls folder of your project.

a. Select "ConstantData2" and click Configure in the right-hand rail.

ation_PC USRP RIO...ce Streaming.lvproject ~ | B> Wite Tx Data (U32)gvi [

= rone I el L | Host

0L 5. 3. % 4 N

v | 100% v ||Editicon)

-_ Document »

a

@) niUsrpRio Session out

scope (@ENP
niUsrpRio Session (IEEF

error in (B>

2 error out

a

¥ Behavior

Object © Control

Indicator

Connection
[] On Connector Pane

! View on Connector Pane

¥ Terminals

BCW  ConstantData2

v Visusl Style
Label
Show Label
Label Placement | LabelonSide ¥ |

Autosize Label

v FPGA Host Interface

| Lk Configure...

¥ Documentation

Gl Y

Figure 89: Configure Dialog in Right-Hand Rail

b. Click Import bitfile and browse to your recently compiled bitfile. Click OK.
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Update the Case Structure’s Write DMA FIFO to point at the new DMA FIFO's for each
case. Change this by going to the right-hand rail configuration. Update the following:

Tx Stream 0 » USRP Resources.grsc\Tx Stream 0
Tx Stream 1 » USRP Resources.grsc\Tx Stream 1

C.

.
¥ Visual Style
- Show Label
4/ "0", Defaultv |p
- - _ % Wiew © Icon
. N> >
1S @) error out List
__________________ v General
FIFO Tx Stream 0 (Invalid) v
w Documentation nilnstr Register Bus v0.grsc\reg.host instruc|
[ USRP Resources.grsc\Tx Stream 0
| USRP Resources.grsc\Tx Stream 1
|E|I Tx Stream 0 (Invalid
Context nline | [ _’

Figure 90: Upadate Write DMA FIFO
4. Open the “"FPGA Reference Cast.gvi": <project directory>\Host\FPGA Reference Cast.gvi
Update the “transceiver_top” to use the newly compiled bitfile by going to configure and

a.
pointing it at the bitfile.



5. In the top-level VI, update all DMA FIFO References to use the new G Resource DMA FIFO Name.
They are highlighted in yellow in Figure 91.

x
B» Hostgvi ‘| B> transceiver_top.gvi ™ " =I= SIS0 TDD OFDM on NI USRP RIQ.vproject ® o
st | @ [P, =, 31, X ¢ 3
- e PR |

Figure 91. DMA FIFO References

Note: Similar changes must be made if any DMA FIFQO's were added to the project in previous versions
of LabVIEW Communications.
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FLEXRIO PROJECTS

This section describes the steps necessary for reusing a project that was initially based on the FlexRIO
APl and example projects in LabVIEW Communications 2.0.

This section includes the following subsections. Use the one that is most appropriate for the type of
FlexRIO project you are migrating.

e PXle NI-679%xR Streaming

PXIE NI-579XR STREAMING

FPGA AND SYSTEM RESOURCES

Projects using 579x targets will have broken FPGA Vls that reference the “Sample Clock”. This clock has
been renamed to the “Data Clock” and must be reconfigured. Additionally, the register bus FIFO has
changed. Hence, an FPGA bitfile rebuild is required.

The following steps demonstrate the changes for the basic NI 5971 Rx and Tx portions of the PXle NI-
579x Streaming project. However, these same changes can be duplicated for the other NI 579x and
MIMO portions.

1. Create a backup of your project.
2. Open your project in LabVIEW Communications 2.0.
3. Click Yes to convert as shown in Figure 92.

Convert?

The version of this project is older than the current application. Do you
want to convert the project and automatically update and save your VIs?
This operation cannot be undone and it is recommended that you make a
copy of your project and files before proceeding.

Figure 92: Convert Dialog

4. Ensure that newly created resource document matches the correct target name. For example, “5791
Resources.grsc”.

5. Delete the following items from “5791Resources.grsc”:
a. reg.host instruction fifo 0

71



.) 5791 Resources.grsc * ‘ T o

FPGA v | w0

o
1023 [ | 1029 [ w2 | 1029
» Handshake
» Register
» Derived Clocks

Figure 93: Files to Delete from “5791 Resources.grsc”

6. Open the “Streaming Xcvr (NI 5791) (FPGA).gvi”.
7. Change references from “Sample Clock” and “Sample Clock x2" to “Data Clock” and “Data Clock
x2" respectively.

W} P2e MISTOR Streaming bvproject* *| B strearnin g Xevr (NISTOL) (FPGAY.qui* | +
B Il @ S| rerel it | @A 2, 5, % ¢ F =, | FPea Euildspec v || 60% v || Editle
] T = =
], [
exmroes oz
A=
[—
T - |
1 (-
H |
- |
3 1
& 3
£ |
5% e }
n |
— | =
[
) S e
=
5
5’9 cetey R —
] & E——
- L S
roserers WP =

Figure 94: Data Clock References in “Streaming Xcvr (NI 5791) (FPGA).gvi”



8. Change the reference input on “Process.gcdl” to the new register bus FIFO “nilnstr Register Bus
v0.grsc\reg.host instruction fifo 0" as shown in Figure 95.

1} P MST9RR Streaming hvpraject™

B> Streaming Xewr (NISTOL) (FPG&Mgvi* | + o

St | @ ¥

=, | FPe EuildSpe v || W% v || Editle

[©]

Register Bus_and Configuration Loop - Reauired Loop

fon Done
FPGA Digitel 10 Reager
[~
FRGA Digtal 0 Reader
P Transceiver O Locked
6 igial 10 Reader

Transceiver\Register Busldie
FDGA Digita 10 Reader

ilnstr Register Bus vD.grseveghost instruction fifo 0
o 0 Rer [I

reg.notify host.go revd 0 (P

reg.host read.go rovd O (P

==

vl 10 Module\Initialization Done

10 Module\PLL Locked

===~ 10 Module\LO Locked

@ reg.notify host.ge 0

reg.host read.data 0

Tra
£PGA Digca 10 Wi
FPGA Digial 10 Wt

nsceiver\Register Bus Wiite Data

[
;

I

TranscevenUserDatal |
#PGA Digita IO Vit

#PGA Digital 10 Wiritar

e Comna e

—

Figure 95: Updated Register Bus in “Streaming Xcvr (NI5791) (FPGA).gvi”

9. Allow all document changes to finish loading and save all files.
10. Compile the FPGA VI.

Open the System Designer (in the “Project Files” view of the Navigation Pane on the left) by

a.

double-clicking on the

top project file.

Select the FPGA top-level under the target you want to build the bitfile for.

Click Build on the right pane as shown in Figure 96.

[ ———
v

.'.I.I}‘E‘mlﬁga f‘ >

[T PXIe Chassis

L
-

=, | um v

-_ Document -

p Mame | Streseming Xewr (MIS791) (FPGA)
Type W

¥ Build Options
Build Output aitie

Build Hame

| |
! N
[REY "
= Pt
o] y R
+ . ]
: B
N
.
T w3
¢ . ded to FPGA.
7o ®
NI Pl 775 FPGA, Compiler Preferences
—— 5 Build
e
B oo i + Compe ymbols
Bl rFoPeispcaxip.eip User-Defined Symbols
B rorerscaxsn.sip Harne Value
H 791 R s
T 1
Target-Defuned Symboks
i . e
i Vaue
0|+ s TARGET TYPE FPGA
FPGA_TARGET_FAMILY HNTEG
FPGATARGET BGCUTON  1POA MULATION
. . e, TARGET CLASS P arse .

Figure 96: Compile the Project
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11. (Recommended) Once the bitfile is finished building, exclude it from the project as shown in Figure
97 and include it again. This will ensure that the latest changes are actually applied.

~ T Builds

13791 Xowr 7975 vhi

Q Locate Iterr in Windows Explorer

15792 _Rux_TH75. lvbitx A Open

Duplicate
= niS T3 T 7975 Ivbitx Efl Rename

| — Euclude

y # Delete
3 inga Subhs

» i Host Sub®Ts

Figure 97: Option to Exclude Bitfile
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HOST-SIDE

The FIFO resource names in the Host subVls that interface with DMA FIFOs must be updated. This
includes VIs which aren't in Vl.lib (Sample Project VIs and User Vls). In LabVIEW Communications 2.0,
the FIFO resource contains additional prefixes for the FPGA resource file name along with the FIFO

name itself. For example, “Host Tx Stream” becomes “5791 Resources.grsc\Host Tx Stream.” All FIFO
node instances (Start/Stop, Configure, and Read/Write), along with any FPGA reference terminals, must

be updated.

Use your newly compiled bitfile from step 10 above to get access to the DMA FIFO references required.

1. Open the “Configure Stream.gvi” in the <project directory>\Host SubVls folder of your project.
a. Navigate to the "tx" case.

b. Select the "ConstantData1" terminal and in the right-hand rail click Configure.

X1 NE-579:R Sreaming Bhvprogect®

s

- Congiee Fretm g

@

"

Figure 98: Right-Hand Rail Configure Option for “ConstantDatal”
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i. Inthe "FPGA Interface Dynamic Refnum Configuration” dialog, click Import bitfile
and browse to your recently compiled bitfile.
Note: The default location will be in the <project directory>\Builds folder but this,
along with the file name, will vary based on the configuration of the build spec
used during compile.

20| T3 select o Bitfile ==
Type  Name of the resource Data type of the resource @\J" » PXle NI-579:R Streaming » Builds » + [ 43| [ Seorch Buitas 3
| Reg | regunotify host.ga revd 0 Boalean [x] | Organize v Newfolder =~ A @
Reg | regnotify host.go 0 Boolean [x] it Favarites “ Name
| Reg | reghost read.go revd 0 Boolean [x] B Desktap . Yilinzlogs
J Downloads | ] nis191 Xewr 1975 hbitx
Reg | 10 Module\lnitizlization Done  Boalean [x] 0 Recent Places g @ 102 R ToT5 it
| Reg | reghost read.data 0 Cluster [x] worksp 3] niST93_To 1975 ubitx
| Reg |10 Module\PLL Lacked Boolean [x] =
Reg | 10 ModuleUser Error Ulnts [x] [ Documents
p ol Music
Reg | 10 Module\LO Locked Boolean Tx] & pictures
Reg | regreset ) Boolean E B videos
| Reg | tcabort By . =
| | tako n £ 18 Computer
Reg | testream enabled Boolean E &L, Local Disk (G2
s — v =
Import bitfile File name: ni5791_Xcwr_7975.Ivbit: ~  Bitfiles (*hvbitg -

rEARTIHEE Open [
0K Cancel

Figure 99: Import Bitfile

i. (Optional) With the “FPGA Interface Dynamic Refnum Configuration” dialog still
open, remove all unused resources by clicking the X symbol on the right side.
Note: This will not affect functionality but may make it easier to view used resources
at a later time.

iii. Click OK'in the “FPGA Interface Dynamic Refnum™” dialog.
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C.

Repeat this for “ConstantData1_2".

|2 Mi-57%:R Streaming 3hpraject® © B Configure Sreamga® 4 n Document
= g |@| @, 1=, 5, % 4B 3=, Cartraller v W v | Eition |
= i R =, Nome | ConsanaDarat 2
= = -
G * Type FPGAInarface Temminal
v Behavioe
—z
v Object 0 Contal
ndicstar
Conncction
On Cannector Pane
View on Cannector Pane
< w
* Termas
KW Covmmbwt?
e
"’j @ — - Vi Sy
|
’< nstantatat -Iu“l s Label
= ey
o = 8 showlabel
I = andi Writs FRGA Gontral B Label Pacomert | Labelon Side 2
- G ammpion ta gosarste
’ \ B Autosian Labal
v FOGA Hot Irtarface
oS
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= acumentition

Figure 100: Right-Hand Rail Configure Option for “ConstantDatal_2"

Navigate to the “rx" case to repeat this process for “ConstantData2” and

“ConstantData2_2"

e 11-573:8 Stresming Liuproject™ © B> Carfigure Freamgi® |+ o

IR oo BN

% 4

4 “ne, Datsat v [x

5=, Conmaler v || % v || Edtican
E. | [ |
G* Type  FPGAlrterface Terminal
 Behmar
Object © Cortrol
Indicator
Connection
On Connector Pane
Viseron Comnectar Pane
Grabe s | |||  Teminals
i ha b
KN ContntDsta
< imsies
oo [|[| = verunt sy
ety win Label
oo o
v Showlabel
ey
o oz [Conransa =
B Patosize Label
v FPGA Hast Interace
L Configues..

¥ Decumentstion

Figure 101. Update References in “rx” Case
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e. Update to the new DMA FIFQ's in each Case Structure for each “rx” and “tx" case as well
as any nested Case Structures. Each case will contain one, or more, FIFO nodes of a Start
DMA FIFO, Stop DMA FIFO, and Configure DMA FIFO. Using the right-hand rail
configuration, update each FIFO node to the following:

i. Host Tx Stream » 5791 Resources.grsc\Host Tx Stream
ii. Host Rx Stream » 5791 Resources.grsc\Host Rx Stream

Figure 102: Update DMA FIFOs

2. Follow the same general steps from step 1 for the "Fetch Rx Data (CDB WDT).gvi" in the <project
airectory>\Host SubV/s folder of your project
a. Update the following Read DMA FIFOs as shown in Figure 103.
i. Host Rx Stream » 5791 Resources.grsc\Host Rx Stream
ii. Host Rx Stream » 5791 Resources.grsc\Host Rx Stream

NESTHR Sreaming Livproject® " | Pr Ferch focDats (COB WOy i | P White TeDats Q16 muiki)gvi |+ Document

EIE S| @ % & 0

[

i

£

§

Ll
T
i
e
s
3

View O lan

Figure 103: Update FIFOs and Retferences for “Fetch Rx Data (CDB WDT).gvi”



3. Follow the same general steps from step 1 and step 2 for the “Write Tx Data (116 multi).gvi” in the
<project directory>\Host SubV/s folder of your project.
a. Update the following Read DMA FIFOs as shown in Figure 104.
i. Host Tx Stream » 5791 Resources.grsc\Host Tx Stream
ii. Host Tx Stream » 5791 Resources.grsc\Host Tx Stream

Inproject® " B DBWDT)gvi® ©| B Write TxDota 036 multihgvi® |+ o “ Document

8= Pwe it @ .E 4 m =, | Controller v s v Edtkon

[ & wmeomarmo

Figure 104. Update FIFOs and References for “Write Tx Data (/16 multi).gvi”

4. Configure the Open FPGA VI Reference to select the newly compiled bitfile generated from the
previous section. Do this for “Tx Streaming (Host).gvi”, “Rx Streaming (Host).gvi", or any top-level VI
in the project that will be referencing the FPGA.

e HLST0:R Srearming Shpraject” * B Tx Seaming Hostipd 4 4 n Document

b o EFEN = o ® & B 3=, Commller v 1% v | Editkon

Canstants

Create All

Doek

Vsl Sybe
ShowLabel

View 0 lcan

¥ Bropertas

Mode

¥ Docunentition

S
Coniest Online
Help Help

Figure 105: Update the Bitfile Reference on “Tx Streaming (Host).gvi”
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5. (Optional) Configure the Amplitude input on the “Generate Waveform.gvi”. The default settingis 1,
but this may cause DSP overflow warnings.

PTe NI-5795R Streaming Jvpraject® | B> Tx Streaming (Hosthgui* ‘ + .,
3 Panel Split [ ] % 4 &

Contraller

RIO Device ([EEN"

Clock Source

Reference Clock Source

Carrier Frequency [Hz] (207

Number of Samples is Finite (RG>

[(EN e 1
Open Device legure Clocks  Cof
o E

Sample Rate [5/s]) [0

Output Power [dBm)] (07

B

o>
LO Frequency [Hz]

Wait for
you are

nfigure Signal Cilifgum Start T
ﬁi_ﬂ ‘ |

Start Trigger (B3>

Generate Waveform

Number of Samples ([[EESF

Tone Frequency [Hz] (0P

I Amplitude E|n.s j-'

"@¥) Output Waveform

Figure 106: Lowering the Amplitude Setting for the “Generate Waveform.gvi”

Note: Similar changes must be made if any DMA FIFO's were added to the project in previous versions

of LabVIEW Communications.
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GENERAL PROJECTS

This section describes the necessary changes needed if you want to reuse a general project that was
created based on projects in LabVIEW Communications 2.0. For details specific to USRP or the
Application Frameworks, refer to those sections.

This section includes the following parts:

e FPGA
e Host
e Hardware

FPGA

PROJECTS CONTAINING MULTIPLE FPGA TARGETS

It is generally recommended that project migration should be limited to a single target at a time to reduce
complexity and to make migration efforts easier. If a project does contain multiple targets, there may be
issues if the same resource name is shared between these targets. For example, top-level Vls, subVls, or
common resource names that are shared between targets. To address this, remove all but one of the
targets, migrate, and, if necessary, add the additional targets back into the newer project. Additionally,
any broken VIs must be fixed by manually selecting the correct FPGA resources.

579X SAMPLE CLOCK

Projects using 579x targets will have broken Vls that reference the “Sample Clock”. This clock has been
renamed to the "Data Clock” and must be reconfigured.

For additional details, or information on migrating one of the NI-579xR streaming projects, see the
FlexRIO Projects topic.

'RECONFIGURE XILINX IP

Xilinx IP needs to be reconfigured due to the new Vivado version used in LabVIEW Communications 2.0.
To find the affected files and make the necessary updates, follow these steps:

1. Open the FPGA top-level you wish to migrate.

2. Wait until type propagation has occurred.

3. Once the document finishes loading, you will see in the list of errors the affected files, as shown in
Figure 107.
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1 9Errors /& 10 Warnings

+ Compile (6 Errors 5 Warnings)

z' 0 Messages

Severity v | Source Message

Erraor 20211 Xilin= IFFT.gcdl Errar in dependency.
Errar 80211 Autocorrelation.gedl Errarin dependency.
Error 80211 Xilinx FFT.qed| Errar in dependency.
Erraor 302,11 Viterbi.gcdl Errar in dependency.
Errar 80211 Pilot Phase Correction.ged| Errarin dependency.

Figure 107 — Example error list showing affected files for Xilinx IP Core reconfiguration

Double-click on the errors as shown in Figure 107. This will open the affected document
Select the affected Xilinx IP block, and click Configure Xilinx IP Core in the right-hand rail as shown in

Figure 108.
Wait for the “Re-customize IP” dialog to appear.

Inside the “Re-customize IP* dialog, leave the settings untouched and click OK as shown in Figure

109.

Wait until the warning “Not Ready"” as shown in Figure 110, has disappeared.
Repeat steps 2 through 6 until all Errors in the FPGA top-level have disappeared.

=Pl USRP (Bitfile) v [T EditIconI
&

1. Select IP Core

- &

&
=_axis_data_tready »
m_axis_data_tdata »
m_axis_data_tvalid »

» s_axis_config_tvalid
input valid @- ...................... » s_axis_data_t\ralid
(N » s_axis_data_tlast
signal in @"“ 21410 » s_axis_data_tdata
» m_axis_data_tready
(¥ » s_axis_config_tdata
event_data_out_channel_halt »
event_data_in_channel_halt »
event_status_channel_halt »
event_tlast_unexpected »
event_frame_started »
m_axis_data_tlast »
=_axis_config_tready »

event_tlast_missing »
i

Format:
I {15 downto 0)
Q (31 downto 16)

n ra—)

be ready to receive

Maxir
== 2
For u
outpL
(Sign

a .
afé; Fast Fourier Transform

| Configure XilincIP

2. Press "Configure...'

¥ Terrminals

s_axis_config_.
5_axis_data_tw.,

o | s_mxis_data_tl.

5_axis_data_td...
m_axis_data_t..

w | 5_axis_config_.

w | 3_axis_data_tready
rm_axis_data_tdata
m_axis_data_twalid
event_data_out_channel_halt

Figure 108 - How to reconfigure a Xilinx IP Core (1)
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ﬂ-, Re-customize [P

Fast Fourier Transform (9.0) '

ﬁ Documentation

f | Implement 4 0 B Component Mame | xfft
Show disabled ports Configuration rlmplementation rDetaiIed Irplementation ]
-
Murnber of Channels | 1 v

Transform Length | 2045 -

Architecture Confiquration

Target Clock Frequency (MHz) | 192 [1-550]
Target Data Throughput {MSPS) |50 [1-550]
~ Architecture Choice
wammra
m:utr::;: () Automatically Select
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() Pipelined, Streaming IjO
vl laie,_charred_hall =

irippysininyin § @ Radix-4, Burst IO
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[] Run Time Configurable Transform Length

‘ 1l 3. Press "OK"

Figure 109 - How to reconfigure a Xilinx IP Core (2)

| 1 0Errors| |A2Warnings| | # 0 Messages

~ Compile
Severity v

Source | Message

MotReady  FastFourier Transforrm Xilinx tool is processing the IP in the background. You cannot configure other Xilin: IP nodes until this operation is complete,

Figure 110 - "Not Ready" warning because Xilinx tool is processing the IP in the background




HOST

FPGA RESOURCES

The FIFO resource names in the Host VIs which interface with DMA FIFOs must be updated. In
LabVIEW Communications 2.0, the FIFO resource contains additional prefixes for the FPGA resource file
name along with the FIFO name itself. For example, in the USRP Streaming projects, “Rx Stream 0”
becomes “USRP Resources.grsc\Rx Stream 0.” Because of this, all FIFO node instances (Start/Stop,
Configure, and Read/Write), along with any FPGA reference terminals, must be updated.

If the host is not updated correctly, runtime errors can occur after migrating over a previous project.
These errors may persist even after a recompile in the newer version. A typical error is shown in Figure
111.

@ Error -61206 occurred at Configure DMA FIFO with selected FIFO: T2H

constellation data in LTE DL RX FIFO Initialization.gvi

Possible reasonls]:

LabWIEW FRGA: The configured itern does not exist,

Continue | | Stop

Figure 111. Typical Error if Host Not Updated

Note: The bitfile may need to be recompiled in version 2.0 to make use of any changes in resource files
that may have been added during migration of the project. This must be done prior to any host-side
changes that reference that bitfile.

To update FPGA refnums, complete the following steps:

Note: If the application uses FPGA terminals, or constants, then they may need to be updated to the
latest bitfile.
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Select the FPGA reference and click Configure in the right-hand rail.

Migration_PC USRP RIO...ce Streaming.vproject '| B> Fetch R Data (U32)gui |+ 4
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Figure 112: Configure Dialog in Right-Hand Rail

In the “FPGA Interface Dynamic Refnum Configuration” dialog, click Import bitfile and browse to
your recently compiled bitfile.

Note: The default location will be in the <project directory>\Builds folder. However, this, along
with the file name, will vary based on the configuration of the build spec used during compile

Type Name of the resource

Fpga Interface Dynamic Refnum Configuration

Data type of the resource

X

42 BW Single-Uevice Streaming” - LabVIEW Lommunications System Uesign Suite

B select a Bitfile

5/ Single-Chd

x|
Search Buids )

Reg [regnotify host.go rcvy[ Boolean

Import bitfile
Import build spec

oK

Cancel

=~ 0 ®
-| |

Reg [reg.host read.go revd 0 [Bootean =
2 Organize v New folder
| Reg [reg.notify host.go 0 [Boolean [x]
2 - ¢ Favorites oS
Reg [reg.notify host.go revd 0 [Boolean [x] B Deskion B i
Reg [regreset0 [Boolean x] 8 Dowrloads (81 nisrpRio_evr.Ivbitx
o %l Recent Places
Reg [reg.host read.data 0 [Cluster [x]
4 Libraries
Reg [ reg.notify host.go revd 1 [Boolean x] ﬂj i
Reg S beiiing
Reg [regnotify hostgo 1 [Boolean [x] gic
Z = Pictures
_ Reg [reg.host read.go revd 1 [Boolean B videos
Reg [regresetl Boolean x
_Reg [reg [ / u % Computer
| Reg [regreset2 [Bool [x]
€ Network
]

File name: |niUsrpRio_Xcwr-000LIvbitx

=] [eitfites ¢“Ivbity =l

4

Figure 113 Import Bitfile
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3. (Optional) With the “FPGA Interface Dynamic Refnum Configuration” dialog still open, remove all
unused resources by clicking the X symbol on the right side. This will not affect functionality but
may make it easier to view used resources at a later time.

4. Click OK in the “FPGA Interface Dynamic Refnum” dialog.

To update DMA FIFO nodes, complete the following steps:

1. Select the affected DMA FIFO node.

2. Inthe right-hand rail is a drop-down selection for available FIFO names referenced by the bitfile being
used. Select the appropriate resource as shown in Figure 114.

Constants

leading samples to trim ({7

v Visual Style

4] "0%, Default ¥ [ 4 < False v |p
'—«1.‘ ) Show Label

View © Icon

-l error ou List

v General

il FIFO ol i Stream 0 (invalid)
;]>—.1>->r~m scaling (V/code)

USRP Resources.arsc\Rx Stream 0f

¥ Documentation

RS

Figure 114: Select Appropriate Resource

USRP API

Several changes have been made to the USRP API. For a list of these changes, and needed adjustments,
see the Host APl section under the USRP Projects topic.

HARDWARE

USRP 40 MHZ

The USRP RIO 40 MHz target will be deprecated in future versions of LabVIEW Communications.
Previous projects built for these targets will still be usable in version 2.0 but you should consider

migration efforts in future designs. Please see the USRP Projects topic for instructions on how to update
to the latest USRP targets.
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NEXT STEPS

The LabVIEW Communications product documentation provides detailed information in addition to the
tasks discussed in this guide. Hardware manuals also contain valuable information about the features and
performance characteristics of NI RIO devices.

The main NI support page, ni.com/support, provides quick access to manuals, KnowledgeBase
documents, tutorials, example code, community forums, technical support, and customer service.

FORMAL TRAINING

In addition to online content, in-product Guided Help and examples, you can also obtain LabVIEW
Communications instructor-led training from NI. For details, visit ni.com/training/communications or
consult with your NI sales representative.

NI ALLIANCE PARTNERS AND SERVICES

NI partners can help you with the design, integration, and deployment of your application. The NI Alliance
Partner Network is a program of more than 700 independent, third-party companies worldwide that
provide engineers with complete solutions and high-quality products based on graphical system design.

Finally, you can count on NI field engineers to discuss how to solve your particular application using the
NI platform.

REVISIONS AND FEEDBACK

NI strives to provide high-quality content and welcomes your comments. Please send feedback for future
revisions of the guide to your local NI support team.

If there are areas you believe need clarification, submit your question to the LabVIEW Communications
System Design Suite Discussion Forum, where the applications, support, and R&D engineers can
answer it for the benefit of all readers.

Revision Date Change Summary
1.0 8/1/2016 Initial release alongside LabVIEW Communications 2.0
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