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Introduction

• Constrained random (CR) verification at system level
• Difficult due to the size of the solution-space

• Vast number of parameters and their inter-dependencies

• Traditional CR limited to stimulus generation

• Shifting CR effort to test-scenario generation
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Traditional Vs CR System Level Test Scenarios

• Traditional System Level Test 
Scenarios:
• Directed and feature centric
• Rarely measures coverage
• Difficult to create test scenarios

• CR System Level Test Scenarios:
• CR Test scenarios
• Easy to create scenarios for:

• Corner case
• Performance measurement
• Throughput measurement

• Downside: Complex constraints Image Courtesy of “Constrained Random Verification (CRV)” | SpringerLink



Impact on Results

• Verified 5G-NR communication system

• Over 400 high level CR test scenarios defined

• Scenarios’ coverage measurement

• Over 80 critical RTL bugs caught

• Multiple performance, stress, and through-put scenarios created

• CR infrastructure reused at top and unit levels

• Replay of failing tests



Magnitude of the Problem

• To insert channel types PUCCH, 
PUSCH and SRS into one slot for 
64 instances of User Equipment:
• Constrained-randomization of 

over 11,000 inter-dependent 
parameters

• Randomization load on the tool 
(simulator)

• Constraints’ management (code)

• Randomization failure 
debug/analysis
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Brief Introduction to 5G Specification 

• 5G network’s physical layer communication channels in UL and DL:
• Synchronization/Reference-signals channels (E.g.: PSS, SSS, PBCH, CSI-RS, 

PTRS)

• Control channels (E.g.: PUCCH, PDCCH)

• Data channels (E.g.: PUSCH, PDSCH)

• Multiple users are mapped to specific resource element (RE) in 
frequency/time domain in shared resource grid



Resource Grid

• Resource grid is formed based on      
system-level (RRC Parameters) and        
user-level parameters

• Number of antennas, radio frequency, sub-
carrier spacing, maximum bandwidth

• Resource grid represents time (x-axis) 
domain and frequency (y-axis) domain

• Channel-types for various users are 
allocated resources as shown



Time Domain: Frame, Slots & Symbols

• µ indicates numerology 
(subcarrier spacing 
configuration) in NR



Frequency Domain: Resource-Blocks

Image Courtesy of “IMT-2020 Key Performance Indicators: Evaluation and Extension Towards 5G 
New Radio Point-to-Multipoint | IEEE Conference Publication | IEEE Xplore“

• Resource Block
• 12 consecutive subcarriers

• Bandwidth part
• Subset of contiguous common 

resource blocks



Channel-Types

• Users can have different channel types in a resource grid

• Each channel type has specific parameters

• Some parameters determine placement in the resource grid

• No overlap of channel types in resource area

• Constrained-random generation must ensure 5G-NR specification is 
not violated while allocating channel types.
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Breaking it Down

Stage 1 Stage 2 Stage 3

• “Divide and Rule”
• Identifying logical 

stages to break the 
randomization

• Three high level 
stages in 5G test 
scenario 
randomization



Breaking it Down – Stage 1: Randomize RE Grid

• BW, fftSize, scSpacing

• bwMHz per CC, carrierFreq, TO/FO (Timing/Frequency offset)

• Builds resource grid based on requested num_slots and num_cc



Breaking it Down – Stage 2: Randomize UE Configurations

• BWP_SIZE, RBG_SIZE, bwp0_startRb, RNTI, SNR, Channels 
(AWGN/Fading), ChannelType, correlationType.

• PUSCH/PUCCH/SRS Specific Params, HARQ Params 

• Slot-repeat interval settings

• All the above are parameters of the UserCfg class’ objects for number 
of UEs for each CC



Breaking it Down – Stage 3: Channel Types

• Randomizing and inserting the desired UE channel-types into the 
resource grid

• Randomization complexity is highest in this stage

• This stage is further broken down into multiple randomization steps, 
one channel-type for one user at a time

• User sequence defines the insertion needs



Common Resource Grid

• Randomized channel-types are stored in static resource grid 
(re_grid_map)

• Resource Grid represents the entire time-domain and frequency-
domain of the current test scenario



User Sequence (Stage 3 Randomization)

• In this sequence, 
every slot in every 
CC is inserted 
with PUCCH, 
PUSCH and SRS 
for every UE

• Each channel type 
is inserted one at 
a time



Features Covered

• Lists the features 
covered from an 
Uplink perspective



Randomization Load Analysis

• Randomization load analysis for 64 UE insertion of PUCCH Fmt0, 
PUSCH Type1 and SRS into one slot
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Conclusion

• Constraints to be divided hierarchically

• “Divide and Rule” on the randomization calls

• Use of common RE Grid in the 5G realm made this possible

• User sequence drives the required test scenario

• Constrained-Random system level test scenario generation made 
possible



Questions?



Thank You!
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