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Background
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]At the last meeting, RAN 4 agreed to define the performance requirements for PSSCH, PSCCH, PSFCH and PSBCH [1] and simulation assumptions [2] was approved. In this contribution, we provide our further discussions on simulation assumptions.
Discussion
[bookmark: OLE_LINK34]PSSCH
The agreements for PSSCH test are PSSCH are listed as follows:
	Agreement 
· Frequency range
· Define performance requirements for FR1 only
· Antenna configuration
· 1T2R antenna configuration 
· Channel bandwidth and SCS
· 20MHz CBW and 30kHz SCS 
· Rank for PSSCH
· Define performance requirements based on Rank 1
· Propagation condition
· TDL-A 30ns as baseline
· Synchronization reference 
· GNSS
· TO and FO
· Tx UE side
· FO: 0.1ppm for GNSS
· TO: 12Ts for GNSS
        0 if Tx UE is used as SyncRefUE, otherwise 8Ts
· TO/FO are values with respect to sync source reference timing/frequency 
· Rx UE side  	
· FO: 0.2ppm for GNSS
       0.1ppm for SyncRefUE
· TO: 24Ts for GNSS 
       8Ts (30kHz SCS) for SyncRefUE
· TO/FO are values with respect to Tx UE timing/frequency
· TO/FO are sum of TO/FO from Tx UE and TO/FO for Rx UE itself



RB allocation
At last meeting, most companies prefer to use small RBs for PSSCH transmission. In practical scenario, one UE corresponding to one PSSCH is always allocated to one sub-channel, so it is feasible to test PSSCH with small RBs. How to select the number of RBs allocated for PSSCH and PSCCH will affect the mapping relationship between PSSCH and PSCCH. For instance, if we allocate same number of RBs for PSSCH and PSCCH, the PSSCH and PSCCH will be TDM which is same to NR Uu.
From our understanding, compared to NR Uu, one big change for sidelink is that PSSCH DMRS can be FDM with PSCCH. On this scenario, the number of PRBs allocated for PSSCH must be larger than 20:
	Agreements:
· When a subchannel size is less than 20 PRBs and the size of PSCCH is less than the subchannel size, a TX UE is not expected to choose a PSSCH DMRS pattern to be transmitted in the same OFDM symbol with PSCCH



Therefore, we propose to only verify the PSSCH performance with PSSCH DMRS FDMed with PSCCH (e.g.10RBs for PSCCH and 20RBs for PSSCH) since TDM scenario has been verified in NR Uu PDSCH cases.
Proposal 1: Define the PSSCH performance requirements with first PSSCH DMRS FDMed with PSCCH.
Proposal 2: Allocate 20 RBs for PSSCH and 10 RBs for PSCCH.
PSFCH period
At last meeting, most companies agree to use PSFCH feedback loop instead of AT commands to test UE performance. But how to select PSFCH period is an open issue for discussion:
	· PSFCH configuration for test cases
· PSFCH are transmitted on 
· Option 1: every 4 slots
· Option 2: every slot



We prefer to use option 1, i.e. PSFCH are transmitted on every 4 slot. We think that it is typical to configure periodicity for PSFCH transmission to reduce feedback overhead in real work. 
Proposal 3: PSFCH is transmitted on every 4 slots for PSSCH test. 
Relative velocity for test cases
Three velocity values are used in LTE V2V: 30km/h, 260km/h and 500km/h. In TS 22.186, 260km/h is specified for scenarios of vehicles platooning and advanced Driving and 500km/h is specified for scenarios of Remote Driving. Therefore, 260km/h and 500km/h are more commonly used speeds in V2X scenes. From our simulation in Figure 2.1.1, it can achieve good performance with appropriate DMRS and MCS configuration. We propose that at least 260km/h and 500km/h should be used as candidate velocity for PSSCH performance test.
Proposal 4: At least 260km/h and 500km/h should be used as candidate velocity for PSSCH performance test.
Receiver assumptions
For CFO estimation, unlike LTE PSSCH, NR supports 30 kHz SCS which can reduce the complexity of CFO estimation.                   From our simulation results, PSSCH can achieve good performance with cross-symbol estimation algorithm and appropriate DMRS configuration. Therefore, we propose to use cross-symbol CFO estimation and no more advanced algorithm is needed.
For CE estimation algorithm, MMSE interpolation for frequency domain and linear interpolation for time domain used in LTE V2X can be reused to keep simulation results aligement among companies.
For RX time window, it is assumed to be set on CP/2 from GNSS time in LTE V2X. We propose reuse it for NR V2X.
Proposal 5:  Use following receiver assumptions for PSSCH performance tests 
· CFO estimation: Cross-DMRS symbol CFO estimation.
· CE channel estimation:
· Frequency domain interpolation: MMSE interpolation
· Time domain interpolation: Linear interpolation
· RX window: CP/2 from GNSS 
DMRS configuration
For DMRS configuration, open issues are listed as follows:
	· The number of DMRS for PSSCH
· Option 1: Following cases can be used depending on decision on relative velocity
· Case 1: Max speed: 500km/h DMRS symbol: 4 for slots without PSFCH, 3 for slots with PSFCH.
· Case 2: Moderate speed: 260km/h DMRS symbol: 3 for slots without PSFCH, 2 for slots with PSFCH
· Case 3: low speed: 30km/h DMRS symbol: 2 for slots with/without PSFCH
· Option 2: 3 DMRS symbols for all test cases
· Other options are not precluded


From the design of RAN 1, more than one DMRS time patterns can be pre-configured in resource pool and UE can select one of them according to channel environment. It means UE can choose one DMRS time pattern to make a balance between performance and overhead. It is not practical for UE to always choose 3 DMRS symbols for slots with PSFCH especially under the condition of low driving speed such as 30km/h.
For option 1, simulation results for case 1 and case 2 in Figure 2.1.1 show the DMRS pattern proposed in option 1 is feasible and good performance can be achieved. For case 3, we don't think it is necessary to test 30km/h considering higher velocity and higher performance requirements are covered in case 1 and case 2.
Proposal 6: Use following DMRS pattern for PSSCH performance test:
· Case 1: Max speed: 500km/h DMRS symbol: 4 for slots without PSFCH, 3 for slots with PSFCH.
· Case 2: Moderate speed: 260km/h DMRS symbol: 3 for slots without PSFCH, 2 for slots with PSFCH
MCS 
As we have proposed in option 2 of contribution [1], we prefer to use MCS 11 (16QAM, 378/1024) for 260 km/h and MCS 4 (QPSK, 308/1024) for 500km/h.
As per [4], RAN4 agreed to define 256 QAM sidelink reception for FR1 as an optional feature with capability signaling. What’s more, the SNR@10% of BLER is very high for 256QAM, it is not possible to achieve such high in practical scenario. We prefer not to define the performance requirements for 256 QAM.          
Proposal 7: Use MCS 11 (16QAM, 378/1024) for 260 km/h and MCS 4 (QPSK, 308/1024) for 500km/h and not to define the 256 QAM performance requirements.
2nd-stage SCI configuration
RAN4 agreed to not test performance of 2nd-stage SCI explicitly [1]. But 2nd-stage SCI is carried in PSSCH and use the same reference signal as PSSCH for demodulation, UE must decode 2nd-stage SCI firstly and then decode PSSCH, to correctly test PSSCH performance and avoid the possible impact of 2nd-stage SCI, suitable 2nd-stage SCI configuration should be considered
The number of REs occupied by 2nd-stage SCI is determined by following equation [Section 8.4.4 of TS 38.212]:

We can find that  (depends on 2nd-stage SCI format),, , MCS of PSSCH can affect the code rate of 2nd-stage SCI. Compared to other parameters,  is more flexible to control the code rate of 2nd-stage SCI. Obviously, the larger value of , the better the performance of 2nd-stage SCI. We propose to choose an appropriate  value to guarantee the performance for SCI stage2.
[bookmark: OLE_LINK35]We can find that  (depends on 2nd-stage SCI format),, , MCS of PSSCH can affect the code rate of 2nd-stage SCI. Compared to other parameters,  is more flexible to control the code rate of 2nd-stage SCI. Obviously, the larger value of , the better the performance of 2nd-stage SCI. We propose to choose an appropriate  value to guarantee the performance for SCI stage2, we did some simulations for PSSCH and 2nd-stage SCI with different  based on the simulation assumptions Option 2 in Table 3:
From Figure 2, we can observe that when =5, 2nd-stage SCI has perfect performance and has no impact on PSSCH performance for SCH_Test1, therefore =5 is feasible for SCH_Test1
From Figure 3, we can observe that when =3.5, 2nd-stage SCI has perfect performance and has no impact on PSSCH performance for SCH_Test2, therefore =3.5 is feasible for SCH_Test2
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	Figure 2.1.1: PSSCH and 2nd-stage SCI performance for different beta_offset for SCH_Test 1
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	Figure 2.1.2:   PSSCH and 2nd-stage SCI performance for different beta_offset for SCH_Test 2


For the value of  in simulation, it depends on format of SCI stage 2. To guarantee the performance of 2nd-stage SCI, SCI format 2-A is more feasible than SCI format 2-B since SCI format 2-A has less number of bits than SCI format 2-B leading to lower code rate. Therefore, we propose to use SCI format 2-A and the payloads is 35.
[bookmark: OLE_LINK36]Proposal 8: For 2nd-stage SCI configuration:
· Set=5 and =3.5 from Table 9.3-2 of TS 38.213 to guarantee the performance of 2nd-stage SCI for SCH_Test1 and SCH_Test2 of option 2 respectively.
· Use SCI format 2-A.
Test metric and HARQ configuration 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Most companies prefer to reuse the test metric of LTE V2V (%10 of BLER). It is fine to us and BLER can be calculated by counting number of ACK/NACK feedback.
Proposal 9: Use 10% BLER as test metric.
Test of gNB based synchronization reference source 
We support not to introduce the PSSCH test based on gNB sync source. For CTO, as per Table 12.2.3-1 in TS 38.133 for 30 kHz SCS of gNB sync source, same RRM requirements as GNSS.  For CFO, the CFO should be double increased because of frequency error of gNB. We can find that only CFO is changed, therefore, no more cases for gNB as based sync source are needed. Moreover, from UE feature list [3], gNB based synchronization reference source is optional to UE on band 47.
[bookmark: OLE_LINK5][bookmark: OLE_LINK7]Proposal 10: Not introduce the case for gNB based synchronization reference source
Proposed simulation assumptions
According to the above analysis, we propose the following updated simulation assumptions for PSSCH as in Table 2.1.2:
Table 2.1.2: Updated simulation assumptions for PSSCH performance tests
	[bookmark: OLE_LINK30]Parameters
	Unit
	Value

	Test
	
	SCH_Test1
	SCH_Test2

	Synchronization source
	
	GNSS

	Propagation condition
	
	TDLA-30-1400
	TDLA-30-2700

	Channel bandwidth
	MHz
	20

	Allocated resource blocks
	RB
	20

	Subcarrier spacing
	kHz
	30

	Timing offset
	
	CP/2-12Ts

	Frequency offset
	Hz
	600

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

	CP-OFDM symbols for slot without PSFCH 
	
	12

	DMRS symbols for slot with PSFCH
	
	2
	3

	DMRS symbols for slot without PSFCH
	
	3
	4

	Modulation order
	
	4
	2

	MCS index
	
	11 (378/1024)
	4 (308/1024)

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

	
	
	
	1

	
	
	
	5(204)
	3.5(348)

	Transport Block Size for slot with PSFCH
	[bookmark: OLE_LINK6]Bits
	2088
	704

	Transport Block Size for slot without PSFCH
	Bits
	3240
	1128

	Transport block CRC
	Bits
	24
	24

	Maximum number of HARQ transmissions
	
	1
	1

	[bookmark: OLE_LINK11]Binary Channel Bits for slots with PSFCH(Note 2)
	
	5904
	2544

	Binary Channel Bits for slots without PSFCH
	Bits
	8544
	3744

	PSFCH resource period(Note 4)
	Slot
	4

	MinTimeGapPSFCH
	Slot
	2

	Antenna configuration
	
	1x2 Low

	Performance metric(Note 3)
	
	SNRPSSCH@10%BLER

	Note 1: OFDM symbols is for PSCCH/PSSCH transmission not including first symbol (AGC) and PSFCH symbols.
Note 2: 10 RBs and 2 symbols are allocated for PSCCH, and 2nd stage SCI is also allocated.
Note 4: PSFCH is transmitted on every 4 slots.


 
Proposal 11: Adopt simulation assumptions in Table 2.1.2 for PSSCH performance test.
PSCCH
Two open parameters of propagation condition and payloads need further discussion.
Propagation condition
From the observation of simulation results in [3], the performance difference of two propagation conditions is very small. This because that DMRS exists in every PSCCH symbol, the time interval of two DMRS symbol is only one OFDM symbol so that Doppler has limited impact on performance of channel estimation.
In order to be consistent with LTE V2V, we prefer to use TDLA30-1350.
Proposal 12: Use TDLA30-1350 as propagation conditions for performance requirements for PSCCH
Payloads
RAN 1 has not specified the maximum payload of SCI stage 1 and it depends on many uncertain parameters such as subchannel numbers, reserved bits and so on. We prefer to select one typical configuration of SCI stage 1. We are fine to set SCI stage 1 payload to 28 bits as proposed in contribution [2].
Proposal 13: Set payloads to 28 bits for performance requirements for PSCCH.
PSBCH
Propagation condition
In LTE V2V, the Doppler spread is set to 180Hz, we prefer to reuse it for NR V2X PSBCH. As for time delay, three types of TDLA30, TDLB100 and TDLC300 are defined for NR. During the discussion of PSSCH performance, most companies prefer to use TDLA30 as propagation condition, we also prefer to reuse it for PSBCH to keep same as PSSCH.
Proposal 14: Use TDLA30-180 as propagation condition for PSBCH demodulation performance 
Since the number of REs occupied by S-SSB is fixed to 132, when the SCS is changed from 15 kHz to 30 kHz, the bandwidth will be double, it will lead to the situation that the noise has been doubled for one RE and SNR for one RE is reduced by half (Assuming that transmission signal power of per RE is unchanged) and the coverage of PSBCH is reduced by 3dB. In order to enlarge the coverage of S-SSB, RAN 1 has specified that multiple S-SSBs can be transmitted in one period and the number of S-SSB within one period is pre-configurable. For SCS=30 kHz, the number of S-SSBs transmitted in one S-SSB period could be 1 or 2. 
If the S-SSBs within one period have same content (e.g. SFN indication, in coverage indication), UE can combine them for performance enhancement and whether to combine them is up to UE implantation. As per our simulation results shown in Figure 2.3.1 and Table 2.3-3, the performance of 2 S-SSBs transmission without combining is similar to that for 1 S-SSB transmission. In order to verify the same test metric (i.e. 1% of BLER), compared to 1 S-SSB transmission, 2 S-SSB transmission without combining can reduce the test time by half, so we propose to use 2 S-SSBs transmission within one period (i.e. 160ms) for PSBCH test.
Proposal 15: Use 2 S-SSBs within one period (i.e.160ms) without combining for PSBCH test.
In LTE V2V, PSBCH is transmitted together with corresponding SLSS in the same subframe when PSBCH performance is tested. In NR V2X, we prefer to reuse this procedure, i.e. add the clarification of SLSS and PSBCH transmission:
Proposal 16: Transmission of SLSS and PSBCH in the same slot during the test to keep consistent with core specification
PSFCH
Propagation condition
Our preference is to ensure that all channels use the same propagation conditions. In WF [1], TDLA30 is considered as baseline, we are fine to use it. Doppler spread can lead to time selective fading, PSFCH sequence occupy only one symbol and it is generated in frequency, we think Doppler spread has limited impact on correlation of PSFCH sequence and then has limited impact on PSFCH demodulation performance. In order to verify the analysis, we do some simulation for PSFCH performance with TDLA30-2700as shown in figure 2 and we can observe the minimum SNR point satisfying the test metric is 8.2dB which is very close to 7.82dB for TDLA30-180 (The simulation results for TDLA-30-180 are shown in [3])
[image: ]
Considering that Doppler spread has limited impact on PSFCH performance, we have no strong views on it, TDLA-30-180 is fine to us. 
Proposal 17: Use TDLA-30-180 as propagation conditions for PSFCH performance requirements. 
Number of Cyclic shift pairs 
At the last meeting, the number of CS pairs for PSFCH performance requirements is still open for further discussion: 
Number of CS pairs:
· Option 1: 1
· Option 2: 2 
From our understanding, multi-CS pairs for PSFCH is similar to multi-users for PUCCH. During the discussion on performance requirement of PUCCH format 0, multi-user CDM is not considered and only one user occupy one CS pair is selected. We prefer to reuse it for PSFCH and only consider one UE occupying 1 CS pair.
For 2 CS paris, too many conditions are needed to be considered such as power offset between two users, the propagation channel for two users, the frequency and time offset between two users, the CS pair indexs for two users, false alarm maybe larger than 1% in large delay spread, i.e. two set of channels parameters for two users. We think it is complex and needs much effort. 
Proposal 18: Only consider 1 CS pair for PSFCH performance requirement.
Transmission mechanism
In Rel-16 V2X, two feedback mechanisms are defined for group cast communication: Option 1: UEs send ACK if received packet is correct and send NACK if received packet is incorrect; Option 2: UEs only send NACK if received packet is incorrect. At last meeting, two options are discussed for PSFCH performance requirements. 
For NACK / ACK scenario, UE needs to perform correlation operation between the received signal and transmitted signal with two cyclic shifts (e.g. 0 for ACK and 6 for NACK) to determine whether the UE is sending ACK or NACK. The test metric can be ACK miss, probability of DXT->ACK and probability of NACK->ACK
For NACK only scenario, UE needs to perform correlation operation between the received signal and transmitted signal with only one cyclic shifts (i.e. 6) to determine whether the UE is sending NACK or DXT. The test metric can be NACK->DXT and DXT->NACK.
From the perspective of demodulation, there is no essential difference of algorithm for both options. The capability of UE dealing with ACK/NACK cases will be higher than that with NACK only case. Therefore. We propose to test only ACK/NACK cases. 
Proposal 19: Only consider NACK/ACK case for single-link PSFCH performance requirement.
Conclusion
In this paper, we give our simulation results and discussions on simulation assumptions for PSSCH, PSCCH, PSFCH, PSBCH. The proposals and observations are:
· For PSSCH:
Proposal 1: Define the PSSCH performance requirements with first PSSCH DMRS FDMed with PSCCH.
Proposal 2: Allocate 20 RBs for PSSCH and 10 RBs for PSCCH.
Proposal 3: PSFCH is transmitted on every 4 slots for PSSCH test.
Proposal 4: At least 260km/h and 500km/h should be used as candidate velocity for PSSCH performance test.
Proposal 5:  Use following receiver assumptions for PSSCH performance tests 
· CFO estimation: Cross-DMRS symbol CFO estimation.
· CE channel estimation:
· Frequency domain interpolation: MMSE interpolation
· Time domain interpolation: Linear interpolation
· RX window: CP/2 from GNSS 
Proposal 6: Use following DMRS pattern for PSSCH performance test:
· Case 1: Max speed: 500km/h DMRS symbol: 4 for slots without PSFCH, 3 for slots with PSFCH.
· Case 2: Moderate speed: 260km/h DMRS symbol: 3 for slots without PSFCH, 2 for slots with PSFCH
Proposal 7: Use MCS 11 (16QAM, 378/1024) for 260 km/h and MCS 4 (QPSK, 308/1024) for 500km/h and not to define the 256 QAM performance requirements.
Proposal 8: For 2nd-stage SCI configuration:
· [bookmark: _GoBack]Set=5 and =3.5 from Table 9.3-2 of TS 38.213 to guarantee the performance of 2nd-stage SCI for SCH_Test1 and SCH_Test2 of respectively.
· Use SCI format 2-A.
Proposal 9: Use 10% BLER as test metric.
Proposal 10: Not introduce the case for gNB based synchronization reference source
Proposal 11: Adopt simulation assumptions in Table 2.1.2 for PSSCH performance test.
Table 2.1.2: Updated simulation assumptions for PSSCH performance tests
	Parameters
	Unit
	Value

	Test
	
	SCH_Test1
	SCH_Test2

	Synchronization source
	
	GNSS

	Propagation condition
	
	TDLA-30-1400
	TDLA-30-2700

	Channel bandwidth
	MHz
	20

	Allocated resource blocks
	RB
	20

	Subcarrier spacing
	kHz
	30

	Timing offset
	
	CP/2-12Ts

	Frequency offset
	Hz
	600

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

	CP-OFDM symbols for slot without PSFCH 
	
	12

	DMRS symbols for slot with PSFCH
	
	2
	3

	DMRS symbols for slot without PSFCH
	
	3
	4

	Modulation order
	
	4
	2

	MCS index
	
	11 (378/1024)
	4 (308/1024)

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

	
	
	
	1

	
	
	
	5(204)
	3.5(348)

	Transport Block Size for slot with PSFCH
	Bits
	2088
	704

	Transport Block Size for slot without PSFCH
	Bits
	3240
	1128

	Transport block CRC
	Bits
	24
	24

	Maximum number of HARQ transmissions
	
	1
	1

	Binary Channel Bits for slots with PSFCH(Note 2)
	
	5904
	2544

	Binary Channel Bits for slots without PSFCH
	Bits
	8544
	3744

	PSFCH resource period(Note 4)
	Slot
	4

	MinTimeGapPSFCH
	Slot
	2

	Antenna configuration
	
	1x2 Low

	Performance metric(Note 3)
	
	SNRPSSCH@10%BLER

	Note 1: OFDM symbols is for PSCCH/PSSCH transmission not including first symbol (AGC) and PSFCH symbols.
Note 2: 10 RBs and 2 symbols are allocated for PSCCH, and 2nd stage SCI is also allocated.
Note 4: PSFCH is transmitted on every 4 slots.



· For PSCCH
Proposal 12: Use TDLA30-1350 as propagation conditions for performance requirements for PSCCH.
Proposal 13: Set payloads to 28 bits for performance requirements for PSCCH.
· For PSBCH
Proposal 14: Use TDLA30-180 as propagation condition for PSBCH demodulation performance 
Proposal 15: Use 2 S-SSBs within one period (i.e.160ms) without combining for PSBCH test.
Proposal 16: Transmission of SLSS and PSBCH in the same slot during the test to keep consistent with core specification
· For PSFCH
Proposal 17: Use TDLA-30-180 as propagation conditions for PSFCH performance requirements. 
Proposal 18: Only consider 1 CS pair for PSFCH performance requirement.
Proposal 19: Only consider NACK/ACK case for single-link PSFCH performance requirement.
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