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Introduction
In the RAN4 #97-e meeting, WF on single link tests for NR V2X demodulation performance was agreed [1]. In this paper we provide our view on V2X single link PSSCH requirements.
Discussion
Requirements for scenarios with GNSS based Sync source
List of requirements
In the previous RAN4 meeting it was agreed to define one test with QPSK modulation and 500 km/h relative speed. Also, the following agreements were reached on additional test cases:
	· Additional following test is introduced 
· Option 1: [Test 2] 16QAM for 260km/h relative velocity
· Option 2: [Test 3] 64QAM for 30km/h relative velocity
· Option 3: both option 1 and option 2


We think that at least test with low speed and high order modulation should be defined to ensure reliable processing of 64QAM modulation. If UE supports QPSK and 64QAM, then we can ensure that 16QAM is also supported by this UE. Same time, from options above we can observe that different speeds are assumed for different modulations. Therefore, from the test coverage point of view it can be also beneficial to define requirements with medium speed conditions and medium modulation order.
Proposal 1:	Define the following Rel-16 NR V2X single link additional PSSCH requirements for scenarios with GNSS-based sync source: 16QAM with 260km/h relative velocity and 64QAM with 30km/h relative velocity.
On top of that the following agreement was reached on 256QAM testing.
	· Test for 256QAM modulation order
· Option 1: Define performance requirement 
· Applicability rule can be considered if the test is introduced. 
· Option 2: Do not define performance requirement


Previously, it was agreed that 256QAM modulation is an optional feature for V2X transmission and reception. Therefore, this feature will be applicable mainly for unicast transmission in case both Tx UE and Rx UE are capable to process this modulation format. Therefore, the use case can be quite limited. Based on our view, there are still some many pending issues for V2X RF requirements definition and propose to deprioritize 256QAM V2X requirements.
Proposal 2:	Do not define 256QAM performance requirements for Rel-16 NR V2X.
Configuration of test with 500 km/h relative velocity
In the previous RAN4 meeting the following agreements were reached on test with 500 km/h relative velocity
	· 20 PRB for PSSCH resource allocation, FFS for Sub-channel size with following options 
· Option 1: 10 PRB sub-channel size and number of allocated sub-channels is 2
· Option 2: 20 PRB sub-channel size with 10 RB size for PSCCH
· PSFCH periodicity : keep both option open and encourage companies to bring results for both options in next meeting and planed to make decision in RAN4#98e
· Option 1: 1 periodicity
· Option 2: 4 periodicity
· DMRS pattern
· {3,4} DMRS symbols if PSFCH periodicity is 4
· 3 DMRS symbols if PSFCH periodicity is 1
· Propagation condition 
· Option 1: TDLA30
· Option 2: TDLB100 or allocation 3symbol for PSCCH
· Option 1 is baseline and companies are encouraged to provide analysis for option 2 (error floor and margin to 10% BLER).
· Beta value for 2nd stage SCI
· Beta value = 3.5 and if technical issue will be observed, beta value can be revised in the next meeting.


One of the open issues is resource pool/sub-channel configuration for PSSCH requirements. The main question is whether we will have same PSSCH DMRS mapping for scenarios with one subchannel of size 20 PRBs and 2 subchannels of size 10 PRBs. In 38.214 the following sentences are defined:
	If PSSCH DM-RS and PSCCH are mapped to the same OFDM symbol, then this mapping within a single sub-channel is only supported if higher layer parameter sl-SubchannelSize >= 20, i.e. the sub-channel size is at least 20 PRBs. 
When a sub-channel size is less than 20 PRBs and the size of PSCCH is less than the sub-channel size, a UE is not expected to choose a PSSCH DM-RS pattern to be transmitted in the same OFDM symbol with PSCCH.


Based on understanding, from first sentence it is clearly mentioned that these rules are applied on a per sub-channel basis. Therefore, we think that PSSCH DMRS mapping for scenarios with one subchannel of 20 PRBs size and 2 subchannels of 10 PRBs size is same and the both scenarios captured in Figure 1 are valid.
	2 subchannels of size 10 PRBs

	1 subchannel of size 20 PRBs


	[bookmark: _Ref61602363]Figure 1. PSSCH DMRS mapping.


Also, we’ve checked the RAN1 discussion on this topic. Based on e-mail discussion “[102-e-NR-5G_V2X_NRSL-PHYstructure-01] PSCCH and 2nd SCI related issue including their RS” the following cases were considered:

Based on our review, it is understanding from multiple companies that Case D is a valid V2X scenario, which is similar to the 2 sub-channels scenario, which we consider for requirements definition. Therefore, we propose to use configuration with 2 subchannels of size 10 PRBs.

Another open question is whether to change the propagation conditions or PSCCH configuration to reduce error floor. In Figure 2 we provide the simulation results for different channels, PSCCH configurations and, also, different PSFCH periodicities, based on agreed simulation assumption [2].
	PSFCH periodicity 1
	PSFCH periodicity 4

	
	

	[bookmark: _Ref61602909]Figure 2. PSSCH analysis for 500 km/h case


From this analysis, we can observe that changing of PSCCH duration from 2 symbols to 3 symbols does not allow reducing error floor. Same time, in case TDL-B 100 ns channel model is used instead TDL-A 30 ns, error floor can be reduced. However, we can observe that error floor for scenario with TDL-A 30 ns and 2 symbols PSCCH is around 6*1e-2 in case of PSFCH periodicity 1 and 5*1e-2 in case of PSFCH periodicity 4. Therefore, we think that we can consider this scenario for requirements. 
As for PSFCH periodicity, we think that PSFCH periodicity 4 should be considered for PSSCH demodulation requirements to verify correct RX processing for slots with and without PSFCH.

Next question is 2nd stage SCI configuration. In the previous meeting, initial agreement (β=3.5) was reached on this configuration. In Figure 3 we provide link level analysis to check whether decoding of 2nd stage SCI has impact of total PSSCH performance.
	

	[bookmark: _Ref61603500]Figure 3. 2nd stage SCI performance for 500 km/h case.


From this analysis we can observe that β=3.5 can be used for single link V2X requirements with QPSK modulation and 500 km/h case.
Proposal 3:	Use the following simulation assumptions for Rel-16 V2X PSSCH demodulation requirements with GNSS based synchronization and with 500 km/h relative vehicle speed:
· 10 PRB sub-channel size and number of allocated sub-channels is 2
· TDLA30 channel model
· 2 symbol PSCCH
· PSFCH periodicity = 4 slots
· 2nd stage SCI β = 3.5
Configuration of test with 250 km/h relative velocity
In the previous RAN4 meeting the following agreements were reached on test with 250 km/h relative velocity
	· PRB for PSSCH resource allocation 
· Option 1: 10 PRB
· Option 2: 20 PRB and FFS for sub-channel size
· PSFCH periodicity
· 4 periodicity
· DMRS pattern
· Option 1: {3,4} DMRS symbols if PSFCH periodicity is 4 
· Option 2: {2,3} DMRS symbols if PSFCH periodicity is 4 
· Beta value for 2nd stage SCI
· Beta value = 5 and if technical issue will be observed, beta value can be revised in the next meeting.


One of open question for test with 250 km/h relative vehicle speed is DMRS pattern. In Figure 4 we provide our analysis for both considered options, i.e. {3,4} and {2,3}, based on agreed simulation assumption [2]. From these results we can observe that using of {3,4} allows to achieve better performance for all consider scenarios. Therefore, we propose to use DMRS patter {3,4} for V2X requirements with 250 km/h speed.
Another issue is PSSCH resource allocation. From our analysis in Figure 4 we can observe that there is no significant performance difference between case with different PSSCH resource allocation for scenarios with DMRS patter {3,4}. Therefore, we suggest using 10 PRBs PSSCH resource allocation.
	PSSCH resource allocation 10 PRBs
	PSSCH resource allocation 20 PRBs

	
	

	[bookmark: _Ref61604250]Figure 4. PSSCH analysis for 250 km/h case


Next question is 2nd stage SCI configuration. In the previous meeting, initial agreement (β=5) was reached on this configuration. In Figure 5 we provide link level analysis to check whether decoding of 2nd stage SCI has impact of total PSSCH performance.
	

	[bookmark: _Ref61604495]Figure 5. 2nd stage SCI performance for 250 km/h case.


From this analysis we can observe that β=5 can be used for single link V2X requirements with 16QAM modulation and 250 km/h case.
Proposal 4:	Use the following simulation assumptions for Rel-16 V2X PSSCH demodulation requirements with GNSS based synchronization and with 250 km/h relative vehicle speed:
· 10 PRBs PSSCH allocation
· DMRS pattern {3,4}
· 2nd stage SCI β = 5

Configuration of test with 30 km/h relative velocity
In the previous RAN4 meeting the following agreements were reached on test with 30 km/h relative velocity
	· PRB for PSSCH resource allocation 
· Option 1: Align with Test 1
· Option 2: 10 PRB
· PSFCH periodicity
· Option 1: 1 periodicity 
· Option 2: 4 periodicity 
· DMRS pattern
· 2 DMRS symbols when PSFCH periodicity is 1 or 4
· Beta value for 2nd stage SCI
· Beta value = 5 and if technical issue will be observed, beta value can be revised in the next meeting.


One of the open questions for PSSCH requirements with 30 km/h speed is PSSCH resource allocation. Another open issue is PSFCH periodicity. In Figure 6 we provide results for scenarios with 10 PRBs and 20 PRBs PSSCH resource allocation and different PSFCH periodicity, based on agreed simulation assumption [2].
	PSFCH periodicity 1
	PSFCH periodicity 4

	
	

	[bookmark: _Ref61604796]Figure 6. PSSCH analysis for 30 km/h case


From these results we can observe that performance is rather close for all considered scenarios. Therefore, we propose to use 10 PRBs PSSCH resource allocation and PSFCH periodicity 4 for PSSCH requirements with 30 km/h spped case.
Next question is 2nd stage SCI configuration. In the previous meeting, initial agreement (β=5) was reached on this configuration. In Figure 7 we provide link level analysis to check whether decoding of 2nd stage SCI has impact of total PSSCH performance.
	

	[bookmark: _Ref61604986]Figure 7. 2nd stage SCI performance for 30 km/h case.


From this analysis we can observe that β=5 can be used for single link V2X requirements with 64QAM modulation and 30 km/h case.
Proposal 5:	Use the following simulation assumptions for Rel-16 V2X PSSCH demodulation requirements with GNSS based synchronization and with 30 km/h relative vehicle speed:
· 10 PRBs PSSCH allocation
· PSFCH periodicity = 4 slots
· 2nd stage SCI β = 5

Requirements for scenarios with gNB based Sync source
In the previous meeting the following agreements were reached on requirements for scenarios with gNB based Sync source
	· Test for gNB based sync
· Option 1: Define performance requirement with 1300Hz FO and ±24Ts TO
· Option 2: Do not define performance requirement


Based on our understanding, scenario with gNB based Sync source is one of important V2X scenarios, which should be covered by V2X requirements. In our paper from previous meeting [3], we’ve shower that CFO and TO values for scenarios with gNB based Sync source are much higher than for scenarios with GNSS based Sync source. Therefore, it is rather important to verify correct RX processing under such high CFO/TO assumptions. Same time, gNB based synchronization is mandatory feature for con-current operation, which is supported from Rel-16 of V2X and one of the typical scenarios.
[bookmark: _Hlk61606342]Proposal 6:	Define Rel-16 V2X demodulation requirements for scenarios with gNB based synchronisation, relative vehicle speed 30 km/h, TX/RX frequency offset ±1300 Hz and TX/RX time offset ±24Ts.
In Figure 8 we provide initial results for scenarios with gNB based synchronization, TLA30-180 channel model and MCS 17. These results show that V2X can operate under gNB based synchronization assumptions.
	

	[bookmark: _Ref54388222]Figure 8. PSSCH performance for scenarios with gNB based synchronization.


One potential question is whether to test V2X performance for both scenarios with GNSS based and gNB based sync source in case the following requirements will be defined:
· #1: GNSS based sync source, 64QAM, speed 30 km/h
· #2: gNB based sync source, 64QAM, speed 30 km/h
We think that it will be sufficient to pass only test with gNB based sync source in case UE supports both scenarios.
Proposal 7:	Use the following simulation assumptions for Rel-16 V2X PSSCH demodulation requirements with gNB based synchronization:
· PSFCH periodicity = 4 slots
· MCS 17
· PSSCH DMRS Time Pattern = 2
· Channel model: TDLA30 – 180
Proposal 8:	Define applicability rule for requirements with GNSS based and gNB based sync source in case requirements will be defined for same MCS and speed conditions.
Conclusion
In this paper we provided view on V2X demodulation single link requirements and made the following proposals:
Proposal 1:	Define the following Rel-16 NR V2X single link additional PSSCH requirements for scenarios with GNSS-based sync source: 16QAM with 260km/h relative velocity and 64QAM with 30km/h relative velocity.
Proposal 2:	Do not define 256QAM performance requirements for Rel-16 NR V2X.
Proposal 3:	Use the following simulation assumptions for Rel-16 V2X PSSCH demodulation requirements with GNSS based synchronization and with 500 km/h relative vehicle speed:
· 10 PRB sub-channel size and number of allocated sub-channels is 2
· TDLA30 channel model
· 2 symbol PSCCH
· PSFCH periodicity = 4 slots
· 2nd stage SCI β = 3.5
Proposal 4:	Use the following simulation assumptions for Rel-16 V2X PSSCH demodulation requirements with GNSS based synchronization and with 250 km/h relative vehicle speed:
· 10 PRBs PSSCH allocation
· DMRS pattern {3,4}
· 2nd stage SCI β = 5
Proposal 5:	Use the following simulation assumptions for Rel-16 V2X PSSCH demodulation requirements with GNSS based synchronization and with 30 km/h relative vehicle speed:
· 10 PRBs PSSCH allocation
· PSFCH periodicity = 4 slots
· 2nd stage SCI β = 5
Proposal 6:	Define Rel-16 V2X demodulation requirements for scenarios with gNB based synchronisation, relative vehicle speed 30 km/h, TX/RX frequency offset ±1300 Hz and TX/RX time offset ±24Ts.
Proposal 7:	Use the following simulation assumptions for Rel-16 V2X PSSCH demodulation requirements with gNB based synchronization:
· PSFCH periodicity = 4 slots
· MCS 17
· PSSCH DMRS Time Pattern = 2
· Channel model: TDLA30 – 180
Proposal 8:	Define applicability rule for requirements with GNSS based and gNB based sync source in case requirements will be defined for same MCS and speed conditions.
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