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1 Introduction
In RAN4#98-bis-e meeting, the updated simulation assumptions for NR V2X multiple link demodulation tests were approved [1]. This contribution will provide the simulation results of multiple link demodulation test cases based on the simulation assumptions. 
2 Discussion
2.1 Power imbalance test

· Test purpose: The purpose of this test is to check the demodulation performance when receiving PSSCH transmissions from two sidelink UEs with power imbalance in one slot.
· Methodology for power imbalance test: 
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· The target requirement ICS = -27 dBc 

· Select SINR2 from simulation results for SNR@10% BLER point based on simulation assumptions in Table 2.1-2. 

· Select SNR2 such that SNR2 = SINR2+5dB 

· Compute SNR1 = 30.35dB from the relation: SINR2 = SNR2 – 10*log10(10^((SNR1 + ICS)/10)+1).
· The test setup is shown as Table 2.1-1:
Table 2.1-1: Test assumptions
	Parameter
	Unit
	Test 1

	Active cell(s)
	
	None

	Active Sidelink UE(s)
	
	Sidelink UE 1, Sidelink UE 2

	Sidelink UE 1
	Sidelink Transmissions
	
	PSCCH + PSSCH

	
	PSSCH DMRS pattern(Note 1)
	
	{2,3}

	
	RB allocation
	
	PRB (0~9)

	
	Time offset (Note 2)
	(s
	0

	
	Frequency offset (Note 3)
	Hz
	0

	
	Antenna configuration
	
	1x2 Low

	
	PSFCH periodicity
	Slots
	4

	
	MinTimeGapPSFCH
	Slots 
	3

	Sidelink UE 2
	Sidelink Transmissions
	
	PSCCH + PSSCH

	
	PSSCH DMRS pattern(Note 1)
	
	{2,3}

	
	RB allocation
	
	PRB (30~39)

	
	Time offset (Note 2)
	(s
	0

	
	Frequency offset (Note 3)
	Hz
	0

	
	Antenna configuration
	
	1x2 Low

	
	PSFCH periodicity
	Slots
	4

	
	MinTimeGapPSFCH
	Slots 
	3

	Note 1:
{x, y}: x and y means the number of DMRS symbols for slot with PSFCH transmission and without PSFCH transmission, respectively.

Note 2:
Time offset of received signal by Sidelink UE with respect to GNSS reference timing.

Note 3:
Frequency offset of Sidelink UE with respect to GNSS reference frequency.


· Companies are encouraged to provide simulation results for SINR2 for Sidelink UE 2 based on Table 2.1-2:
Table 2.1-2: Simulation assumptions and FRC for derivation of SINR2
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	20

	Subcarrier spacing
	kHz
	30

	Allocated resource blocks
	RB
	10

	CP-OFDM symbols for slot with PSFCH(Note 1)
	
	9

	CP-OFDM symbols for slot without PSFCH 
	
	12

	Modulation order
	
	QPSK

	MCS index
	
	4

	Number of MIMO layers
	
	1

	Number of DMRS REs
	
	15

	Number of REs for SCI format 1-A
	
	240

	2nd stage SCI format 2-A configuration 
	Payloads
	Bits
	35
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	3.5

	Overhead for TBS determination
	
	0

	Transport Block Size for slots with PSFCH
	Bits
	208

	Transport Block Size for slots without PSFCH
	Bits
	432

	Transport block CRC
	Bits
	24

	Maximum number of HARQ transmissions
	
	1

	Binary Channel Bits for slots with PSFCH
	
	744

	Binary Channel Bits for slots without PSFCH
	Bits
	1464

	Note 1:    OFDM symbols is for PSCCH/PSSCH transmission not including first symbol (AGC), PSFCH symbols, and guard symbols


The simulation results of power imbalance test are shown as below:
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Figure 1: Power imbalance test
SINR2=[-3:0.5:-1];
BLER=[1 0.9989 0.8114 0.07165 0.001];
The common understanding is that the results for power imbalance test is simulated for SINR2 for Sidelink UE 2. In previous meetings, there are companies submiting SINR results while the figure indicates SNR v.s. BLER rather than SINR v.s. BLER. In order to avoid confusion, it is expected to align the horizontal-axis variable in the figures from companies as SINR2 instead of SNR2.
Observation: In previous meetings, there are companies submiting SINR results while the figure indicates SNR v.s. BLER rather than SINR v.s. BLER. In order to avoid confusion, it is expected to align the horizontal-axis variable in the figures from companies as SINR2 instead of SNR2.
2.2 Soft buffer combining test

· Test purpose: This test is to verify soft buffer combining capability of UE and maximum number of receiving HARQ processes supported by UE per TTI

· Test design: 
· For verification of harq-RxProcessSidelink = n16 or n24, n16 or n24 UEs transmit signal one by one circularly for every slot and in the first subchannel.

· For verification of harq-RxProcessSidelink = n32, the first 31 UEs transmit signal one by one circularly for every slot and in the first subchannel. The 32nd UE transmit signal in the same slot as the first UE but in the second subchannel.
· For verification of harq-RxProcessSidelink = n48, the first 31 UEs transmit signal one by one circularly for every slot and in the first subchannel. The next 17 UEs transmit signal in the same slot as the first 17 UEs but in the second subchannel.

· For verification of harq-RxProcessSidelink = n64, first 31 UEs transmit signal one by one circularly for every slot and in the first subchannel, the next 31 UEs transmit signal one by one circularly for every slot and in the second subchannel, the last 2 UEs transmit signal in the same slot as the first two UEs but in the third subchannel.
· According to the agreement of RAN4#98-e meeting, RAN4 will only define one set of performance requirements based on the results of harq-RxProcessSidelink = n64. Interested companies are encouraged to provide simulation results in next meeting based on the simulation assumptions given in Table 2.2-1 and Table 2.2-2.
Table 2.2-1： Simulation assumptions for soft buffer test

	Parameter
	Unit
	Test 1

	Active cell(s)
	
	None

	Bandwidth
	MHz
	20

	SCS
	kHz
	30

	Subchannel size
	RBs
	10

	Number of symbols for PSCCH
	Symbol
	2

	Number of RBs for PSCCH
	RBs
	10

	Active Sidelink UE(s)
	
	64

	Sidelink UE i,

0 ≤ i ≤ 63


	Sidelink Transmissions
	
	First 31 UEs transmit PSCCH + PSSCH one by one circularly for every slot and in the first subchannel, the next 31 UEs transmit PSCCH + PSSCH one by one circularly for every slot and in the second subchannel, the last 2 UEs transmit PSCCH + PSSCH in the same slot as the first two UEs but in the third subchannel.

	
	Time gap between initial transmission and retransmission
	Slots
	31

	
	Timing offset (Note 1)
	(s
	0

	
	Frequency offset (Note 2)
	Hz
	0

	
	Synchronization source
	
	GNSS or GNSS-equivalent

	
	Antenna configuration
	
	1x2 Low

	Timing offset from receiving side (Note 3)
	(s
	0

	Frequency offset from receiving side (Note 4)
	Hz
	0

	Propagation condition
	
	AWGN

	Test metric
	
	SNR@5% BLER of PSSCH

	Note 1:  Time offset of Sidelink UE receive signal with respect to GNSS reference timing.

Note 2:  Frequency offset of Sidelink UE with respect to GNSS reference frequency.

Note 3:  Timing offset from receiving side is with respect to GNSS reference timing.
Note 4:  Frequency offset from receiving side is with respect to GNSS reference frequency.


Table 2.2-2： FRC for PSSCH

	Parameter
	Unit
	Value

	Reference channel
	
	R.PSSCH.2-1.x

	Channel bandwidth
	MHz
	20

	Subcarrier spacing
	kHz
	30

	Allocated resource blocks
	RB
	10

	CP-OFDM symbols for slot with PSFCH(Note 1)
	
	9

	CP-OFDM symbols for slot without PSFCH 
	
	12

	Modulation order
	
	64QAM

	MCS index
	
	27

	Number of MIMO layers
	
	1

	Number of DMRS REs
	
	12

	Number of REs for SCI format 1-A
	
	240

	2nd stage SCI format 2-A configuration
	payloads
	
	35

	
	α
	
	1

	
	βoffset
	
	2.5

	Overhead for TBS determination
	
	0

	Transport Block Size for slot with PSFCH
	Bits
	3496

	Transport block CRC
	Bits
	16

	Maximum number of HARQ transmissions
	
	2

	Binary Channel Bits for slots with PSFCH
	
	3816


The simulation results of power imbalance test are shown as below:
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Without CFO and TO:

SNR=[7:0.2:8.4];

BLER=[0.986 0.888 0.5432 0.1689 0.02361 0.0004 0 0];

2.3 PSCCH decoding capability test

The purpose of this test is to verify the maximum number of Sidelink processes supported by the V2X UE. 
· Option 1: Use 40MHz bandwidth and AT command to calculate BLER based on test setup specified in Table 2.3-1.
Table 2.3-1 Simulation assumptions for PSCCHdecoding capability test

	Parameter
	Unit
	value

	Bandwidth/SCS
	MHz/kHz
	40/30

	Test metric
	
	Prob(PSCCH miss detected)=1%

	Sidelink UE i,

0 ≤ i ≤ 9 (Note 4)
	Sidelink Transmissions
	 
	PSCCH + PSSCH

	
	Timing offset (Note 1)
	(s
	0

	
	Frequency offset (Note 2)
	Hz
	0

	
	Synchronization source
	
	GNSS 

	
	Propagation Channel
	 
	Static propagation condition without external noise

	
	Antenna configuration
	 
	1x2 Low

	
	PSFCH periodicity
	Slots
	0

	
	PSSCH RMC
	 
	Same as PSSCH test with TDLA-30-2700

	
	PSCCH RMC (Note 3)
	
	Same as single-link PSCCH test 

	Note 1: Time offset of received signal by Sidelink UE with respect to GNSS reference timing.

Note 2: Frequency offset of Sidelink UE with respect to GNSS reference frequency.

Note 3: OCC index for PSCCH DMRS is randomly selected between {0, 1, 2} for each PSCCH transmission as per in Clause 8.4.1.3.2 of TS 38.211[9].

Note 4: Each UE occupies one sub-channel so that all sub-channels are filled.

Note 6: The mapping procedure of PSSCH resource and PSFCH resource is specified in Clause 16.3 of TS 38.213 [11].


· Option2: Use following methodology based on test setup specified Table 2.3-1 with the modification for PSFCH periodicity from 0 to 1.

· TE sets PSSCH priority (in PSCCH) when PSFCH Tx capability < 10, x PSSCH with higher priority, 10-x PSSCH with lower priority. Note that PSFCH is selected according to PSSCH priority, hence if PSFCH Tx capability = x, the x feedback corresponding to x high priority PSSCH is transmitted to TE.

· TE can verify UE PSCCH decoding success or failure by checking whether all the higher priority PSSCH feedback is received. In order to always feedback all the high priority SCHs, UE has to decode all CCH to know the priority. 

· To avoid UE cheating, TE can randomize the location of higher priority PSSCHs
The simulation results of PSCCH decoding capability test (Option 1) are shown as below:
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Figure 3: PSCCH decoding capability test
Option1：
SNR = [-10:1:-4];

BLER = [0.9609 0.8181 0.4953 0.1448 0.0116 0.001 0];

2.4 PSFCH decoding capability test
· The purpose of this test is to verify the maximum number of PSFCHs received by UE per slot in group cast scenario by using ACK/NACK feedback mode. In each slot, the tested UE transmits one PSSCH that occupies all the sub channels to a group of receiving UEs. The simulation assumptions are shown in Table 2.5-1.
· Test design:

· Option 1: 

· TE randomly transmit ACK or DTX on each PSFCH resource with equal probability

· AT command adopted for this test case based on current available solution.

· Option 2: In every slot, TE transmits one of the two following options (1) all ACK (2) one NACK and all the rests are ACK

· UE decodes all the PSFCH to decide PSSCH ReTx. For (1) no reTx; for (2) ReTx 

· Test metric: TE can verify whether UE successfully detect all the PSFCH by reTx received or not. If UE reTx behavior is correct, this slot is a “successful slot”. The requirement can be defined by “successful slot” exceeding 90%/99% or higher.

Table 2.5-1 Simulation assumptions for PSFCH decoding capability test
	Parameter
	Unit
	Test 1

	Bandwidth/SCS
	MHz/kHz
	40/30

	Test metric
	
	Prob (ACK miss)<=1%

Prob (DTX->ACK)<=1%

	HARQ-ACK information
	
	ACK or NACK

	Source ID of tested UE
	
	0

	Sidelink UE i,

0 ≤ i ≤ N-1(Note 3)
	Sidelink transmissions for 
	
	PSFCH

	
	Timing offset (Note 1)
	(s
	0

	
	Frequency offset (Note 2)
	Hz
	0

	
	Synchronization source
	
	GNSS or GNSS-equivalent

	
	Propagation Channel
	
	Static propagation condition

No external noise sources are applied

	
	Antenna configuration
	
	1x2 Low

	
	Member ID(Note 4)
	
	i

	
	PSFCH resource allocation(Note 5) 
	
	N UEs transmit PSFCHs one by one on each RB with CS pair index 0. i.e. UE 0 transmits PSFCH on RB 0, UE 1 transmits PSFCH on RB 1,…, UE (N-1) transmits PSFCH on RB N-1

	
	PSFCH periodicity
	Slots
	1

	Note 1: Time offset of received signal by Sidelink UE with respect to GNSS reference timing.

Note 2: Frequency offset of Sidelink UE with respect to GNSS reference frequency.

Note 3: N equals to the number of PSFCH(s) resources that UE can receive in a slot as specified in Clause 4.2.16.1.6 of TS 38.306[14]( IE psfch-RxNumber)) .

Note 4: Member ID is an identifier uniquely identifying a member
Note 5: All PSFCHs in a slot are corresponding to one PSSCH that occupies all sub channels.


The simulation results of PSFCH decoding capability test are shown as below:
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o PSFCH decoding capability test: Option,N=64





Figure 4: PSFCH decoding capability test
Option 1：

SNR=[-10:1:0];

BLER=[0.4384 0.4124 0.3747 0.3259 0.2640 0.1900 0.1180 0.0655 0.0290 0.0129 0.0076];
3 Conclusion
In this contribution, the simulation results for multipl link test cases are provided based on the updated simulation assuptions. Also, the following observation for power imbalance test is derived:
Power imbalance test
Observation: In previous meetings, there are companies submiting SINR results while the figure indicates SNR v.s. BLER rather than SINR v.s. BLER. In order to avoid confusion, it is expected to align the horizontal-axis variable in the figures from companies as SINR2 instead of SNR2.
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