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1 Introduction
In RAN plenary #88 meeting, Demod performance part of WI “5G V2X with NR sidelink” was approved to be discussed from RAN4 Aug. meeting[1]. In this paper, we will discuss possible V2X Demod test cases based on agreed NR V2X structure and leverage to agreed RAN4 LTE V2X Demod and NR Uu Demod test case design.
2 General
2.1. Reference Receiver Overview
In order to evaluate the V2X UE demodulation performance, some simulation algorithms need to be aligned. In our understanding, at least the following reference receiver algorithms should be discussed before defining NR V2X Demod test case.
· Frequency offset estimation 
· Channel estimation
· Demodulation receiver
· PSCCH blind detection 
Frequency Offset Estimation
In legacy LTE V2X, the high speed moving (up to 500km/h relative velocity) is a typical applicable scenario. In order to combat large frequency offset caused by Doppler with the fixed DMRS pattern, LTE V2X had to use single DMRS to estimate the frequency offset. However, in NR V2X, the applicable scenario is different. The max relative velocity is defined as 260km/h in TS22.186. Considering the transmit frequency offset 0.1ppm, the total frequency offset can be about 2000Hz in band n47. On the other hand, NR V2X supports flexible PSSCH DMRS patterns. UE can choose higher DMRS density when UE’s speed is high. The relation between DMRS interval and the range of frequency offset estimation is attached in Table 1. It can be seen that NR V2X UE could easily support the max relative velocity by cross DMRS frequency offset estimation when transmitter UE chooses the DMRS pattern adaptively. At the same time, cross DMRS frequency offset estimation has better estimation performance than single DMRS used in LTE V2X. Thus, we suggest to define cross DMRS frequency offset estimation as a baseline in NR V2X demodulation test case.      
[bookmark: _Ref47441222][bookmark: _Ref47441164]Table 1 Frequency offset estimation range with DMRS intervals
	Frequency offset estimation range (kHz)
	DMRS Intervals (unit: symbols)

	SCS (kHz)
	

	
	3
	4
	5
	6
	7

	15
	2.3
	1.7
	1.4
	1.2
	1.0

	30
	4.6
	3.5
	2.8
	2.3
	2.0

	60
	9.3
	7.0
	5.6
	4.6
	4.0


Channel Estimation
Channel estimation (CE) is a crucial algorithm to UE’s demodulation performance. In LTE V2X, RAN4 agreed to use MMSE estimation in frequency domain and linear interpolation in time domain as a baseline[2]. For NR V2X UE, simultaneous reception capability will be also defined. It means UE had to use multiple Demod engines to process different receivers at the same time. Compared with LTE V2X, NR V2X had to support more new features, such as numerology, larger BW, LDPC decoder, CSI feedback and PSFCH feedback etc. Therefore, to ease V2X UE’s implementation complexity of Demod engines, it is suggested to reuse LTE V2X’s algorithm design as much as possible. Besides, the maximum velocity supported in NR V2X (260km/h) is lower than LTE V2X, it means that the performance can also be guaranteed by reusing LTE V2X CE algorithm.
Receiver structure
Basic LMMSE-MRC receiver structure can be assumed for the definition of the minimum V2X UE demodulation requirements.
PSCCH DMRS detection
In accordance to the RAN1 design the PSCCH DMRS is randomly scrambled by the OCC. In order to perform successful PSCCH reception, UE should be capable to perform blind detection of different PSCCH DMRS. Similar as legacy LTE V2X, UE demodulation performance requirements should be able to ensure that UE can detect the PSCCH with random OCC selection.
[bookmark: _Ref47618499]Proposal 1: Reference receiver assumptions for NR V2X UE demodulation requirements:
· cross-DMRS CFO estimation algorithm;
· MMSE in frequency domain and linear interpolation in time domain for channel estimation algorithm;
· LMMSE-MRC reference receiver structure;
· Capable of PSCCH DMRS OCC Blind detection. 
2.2. Channel Structure Overview
Symbol length
NR V2X supports flexible slot configuration for PSSCH transmission. In latest RAN1’s feature list[3] about NR V2X, 14-symbol sidelink slot is the baseline feature.
	Receiving NR sidelink
10) Supports 14-symbol SL slot with all DMRS patterns corresponding to {#PSSCH symbols} = {12, 9} for slots w/wo PSFCH. If UE signals support of ECP, support 12-symbol SL slot with all DMRS patterns corresponding to {#PSSCH symbols} = {10,7} for slots w/wo PSFCH. - This is the basic FG for sidelink.


Numerology
In RAN4 #92 meeting [4], it had made following agreements about NR V2X SCS change:
	· Interruption to Uu due to SL BWP configuration/reconfiguration
· The SCS/BWP change on NR SL on ITS band is not a practical case in R16, and RAN4 will not define any requirement for this impractical SCS/BWP change on NR SL on ITS band in R16. 
RAN4 send LS to inform RAN1


In latest RAN1’s feature list about NR V2X, 30 KHz subcarrier spacing with normal CP in FR1 is baseline. 
	Receiving NR sidelink
12) UE can receive using 30 kHz subcarrier spacing with normal CP in FR1, 120 kHz subcarrier spacing with normal CP FR2 - This is the basic FG for sidelink.


[bookmark: _Ref7430415][bookmark: _Ref46840344][bookmark: _Ref47446188]From RAN4’s view, SCS change on ITS band is impractical. Besides, RAN1 agreed 30kHz as the baseline in feature list. In other words, SCS = 30 KHz is the only optional SCS in ITS band deployment. On the other hand, the coherent time is about(0.429/1444Hz) in 5.9GHz. In order to effectively track time-varying channel, it’s better to guarantee the interval between two DMRS less than. When SCS = 15kHz, some DMRS patterns will cause performance degradation. Thus, we suggest to define SCS = 30 KHz as a baseline for UE Demod performance evaluation.
PSSCH DMRS configuration
NR V2X supports flexible PSSCH DMRS patterns, the “DMRS pattern” filed in 1st SCI content will indicate which DMRS pattern can be used for PSSCH transmission. The typical DMRS patterns can be configured as following:


Figure 1 2 DMRS symbols pattern


Figure 2 3DMRS symbols pattern


Figure 3 4 DMRS symbols pattern
From our view, compared with legacy LTE V2X, checking V2X UE’s capability of supporting high Doppler is still an important issue in NR V2X. The pattern with shorter DMRS interval will be chosen to guarantee UE’s performance along with the speed increasing. Besides, the configuration of 3-symbol DMRS pattern has the same DMRS interval as legacy LTE V2X. Thus, we suggest to define the 3-symbol DMRS interval configuration as a baseline in Demod performance evaluation. 
Feedback Channel
NR V2X introduces unicast and groupcast mechanism in order to support some new use cases (e.g. Vehicles Platooning, Advanced Driving). The Rx UE can report the sidelink feedback information (SFI) carried by PSFCH to enhance the communication reliability when the “HARQ feedback enabled/disabled indicator” filed in 2nd SCI content is enabled. In current RAN1’s design, PSFCH is transmitted in one PRB and repeated over two OFDM symbols. Similarly as PSSCH design, the first PSFCH symbol is also used for AGC. Thus, AGC symbol shall be also excluded in PSFCH performance evaluation. 
Test Method
In LTE V2X test cases, the test V2X UE had to report the counter for successfully decoding sidelink channel (e.g., PSCCH/PSSCH) by AT commands because there is no feedback channels. In NR V2X, a new feedback channel PSFCH has been introduced. Thus, NR V2X test can use PSFCH instead of AT commands. Thus, a PSFCH channel shall be always configured in NR V2X Demod test. An example of channel structure with PSFCH is shown as follow.


Figure 4 PHY channel structure with PSFCH
[bookmark: _Ref47467016]Proposal 2: Define NR V2X reference channel structure as follow in Demod performance evaluation.
· 14 symbols per slot
· SCS = 30 KHz
· PSSCH 9 symbols, PSCCH 2 symbols
· PSSCH using 3 DMRS pattern with 3-symbol time interval
· PSFCH shall be always configured
Proposal 3: Test NR V2X UE’s performance base on PSFCH feedback instead of AT commands.
3 NR V2X Demod Test Case List
There are three types of test cases in legacy LTE V2X Demod as follow.
· Single link
· Multiple link
· UE capability
3.1. LTE V2X Demod test case overview
In LTE V2X Demod performance requirement, the agreed test cases to verify the core requirements are listed in Table 2.
[bookmark: _Ref47442055]Table 2 Demod test cases for V2X requirements
	
	Test requirements
	Main test purpose

	Single-link
	Demodulation of single link PSSCH
	PSSCH demodulation performance

	
	Demodulation of single link PSCCH
	PSCCH demodulation performance

	
	Demodulation of single link PSBCH
	PSBCH demodulation performance

	
	Demodulation of PSSCH with eNB based synchronization
	PSSCH performance under eNB based synchronization

	Multi-links
	Power imbalance with two UEs
	Rx RF & AGC dynamic range

	UE capability
	UE decoding capability
	Maximum processing capability of Sidelink

	
	Soft buffer test
	maximum number of bits per TTI supported by the V2X UE

	
	Sustained downlink data rate with active Sidelink
	verify the WAN and V2X operation is not impacted with each other when UE is under concurrent operation



In NR V2X test case, basically, most of the test are similar with legacy LTE V2X test case. Thus, it’s reasonable to leverage legacy LTE V2X RRM test cases as baseline.
3.2. Single link related
[bookmark: _Ref46840353]Similar as legacy LTE V2X, PSSCH/PSCCH/PSBCH link performance requirements can be introduced in NR V2X. In addition to LTE V2X test cases, NR V2X also introduces some new designs as mentioned above. Thus, some new NR V2X test cases shall be defined.
PSSCH test case
In LTE V2X, it defined two different test cases to verify V2X UE’s performance in different sync. sources. In NR V2X, from RAN1’s feature list, it can be seen that GNSS and syncRefUE as the sync. source are baseline feature. Thus, we prefer to define different test cases to verify V2X UE’s performance when GNSS and syncRefUE are the sync. sources. 
[bookmark: _Ref47467018]Proposal 4: Define PSSCH test cases with GNSS and syncRefUE as different sync. sources.
PSCCH test case
NR V2X introduces a two-stage SCI mechanism, which includes the 1st SCI carried on PSCCH for UE sensing and the 2nd SCI carried on PSSCH for remaining information. These two SCIs have different design and demodulation SNR. The demodulation SNR for 1st SCI shall be lower than 2nd SCI because 1st SCI is for sensing and 2nd SCI is for PSSCH decoding. 1st SCI has independent time-frequency resources and DMRS pattern, while 2nd SCI is multiplexed with PSSCH resource and use same PSSCH DMRS for decoding. Thus, it’s reasonable to split the 1st SCI test with 2nd SCI. 
[bookmark: _GoBack]The main purpose on 2nd SCI is for dedicated data decoding. As we mentioned above, 2nd SCI has the similar physical design as data channel but more robust because of its lower code rate. Thus, 2nd SCI won’t be a bottleneck on demodulating PSSCH. From our view, an independent 2nd SCI test case is unnecessary and we can test 2nd SCI and PSSCH performance together.    
[bookmark: _Ref47467019]Proposal 5: Define 1st SCI Demod test case separately.
[bookmark: _Ref47467020]Proposal 6: 2nd SCI can be tested together with PSSCH.
PSFCH test case
As mentioned in PSFCH channel structure, V2X UE can feedback ACK/NACK information in unicast and groupcast when the HARQ feedback indicator is enabled in 2nd SCI. The unicast link only has two UE to communication and contains ACK/NACK feedback information not NACK only, it is enough to evaluate the PSFCH Demod performance. So, we suggest unicast link can be regarded as a baseline to evaluate the PSFCH Demod performance. We can consider the following test cases in PSFCH performance evaluation:
· ACK false alarm probability: When receiver UE doesn’t send anything, the transmitter UE receives ACK information.
· ACK missed probability: When receiver UE send ACK information, but the receiver UE misses this information. 
· NACK to ACK probability: When receiver UE send NACK information, but the receive UE decodes it as ACK information, which will degrade the communication reliability.
[bookmark: _Ref47447088]Proposal 7: Define PSFCH test cases with the following test requirements.
· ACK false alarm probability
· ACK missed probability
· NACK to ACK probability
3.3. Multiple links related
[bookmark: _Ref46840355]The purpose of multiple links test is to check the demodulation performance when receiving PSSCH from two sidelink UEs with a large power imbalance at the same time. The purpose on this test is to verify the ADC dynamic range of sidelink receiver other than the impact of IBE. Thus, the distance of the frequency RBs shall be larger enough to guarantee the minimum IBE impact from the high power V2X UE. The LTE V2X multiple link test case can be considered as a baseline. RAN4 is encouraged to propose a reasonable ADC bit length to evaluate UE’s performance under multiple links. 
[bookmark: _Ref47447089]Proposal 8: The test case of legacy LTE V2X multiple links can be considered as a baseline in NR V2X.
[bookmark: _Ref47618714]Proposal 9: RAN4 is encouraged to propose a reasonable ADC bit length to evaluate NR V2X UE’s performance under multiple links.
3.4. UE capability related
In RNA1’s latest agreement, it described that “UE can receive [X] PSCCH in a slot” and “Up to [B/C] sidelink HARQ processes are supported including those for configured grants”, the values of X/B/C are still pending. So, RAN4 had to postpone the discussion on soft buffer and UE decoding capability until RAN1 makes the conclusions.
[bookmark: _Ref47447091]Proposal 10: Postpone soft buffer and UE decoding capability test cases until RAN1 makes a final decision. 
4 Summary
In this paper, we give an overview for RAN4 NR V2X Demod test cases. In summary, we make the following proposals:
Proposal 1: Reference receiver assumptions for NR V2X UE demodulation requirements:
· cross-DMRS CFO estimation algorithm;
· MMSE in frequency domain and linear interpolation in time domain for channel estimation algorithm;
· LMMSE-MRC reference receiver structure;
· Capable of PSCCH DMRS OCC Blind detection. 
Proposal 2: Define NR V2X reference channel structure as follow in Demod performance evaluation.
· 14 symbols per slot
· SCS = 30 KHz
· PSSCH 9 symbols, PSCCH 2 symbols
· PSSCH using 3 DMRS pattern with 3-symbol time interval
· PSFCH shall be always configured
Proposal 3: Test NR V2X UE’s performance base on PSFCH feedback instead of AT commands.
Proposal 4: Define PSSCH test cases with GNSS and syncRefUE as different sync. sources.
Proposal 5: Define 1st SCI Demod test case separately.
Proposal 6: 2nd SCI can be tested together with PSSCH.
Proposal 7: Define PSFCH test cases with the following test requirements.
· ACK false alarm probability
· ACK missed probability
· NACK to ACK probability
Proposal 8: The test case of legacy LTE V2X multiple links can be considered as a baseline in NR V2X.
Proposal 9: RAN4 is encouraged to propose a reasonable ADC bit length to evaluate NR V2X UE’s performance under multiple links.
Proposal 10: Postpone soft buffer and UE decoding capability test cases until RAN1 makes a final decision. 
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