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1 Introduction
In RAN4#97e meeting, the WF [1] and simulation assumption [2] on single link demodulation test for NR V2X was approved. Regarding PSSCH demodulation test, three test cases for 500km/h, 260km/h and 30km/h respectively were separately discussed with a lot of remaining issues unsettled, such as sub-channel size, PSFCH periodicity, DMRS pattern, 256QAM test, gNB based sync test, etc. This contribution will present our analysis and view on the remaining issues on PSSCH and PSCCH demodulation test.
2 Discussion
The detailed agreements and remaining issues on sing link demodulation test are captured in the WF [1] as follows:
	· PSSCH demodulation

· Test 1: QPSK for 500km/h relative velocity (already agreed the test)

· 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 planned 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.
· 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

( Keep FFS for above options and make decision in RAN4#98e
· Test 2: 16QAM for 260km/h relative velocity

· If the test is introduced, following parameters are considered

· 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.
· Test 3: 64QAM for 30km/h relative velocity

· If the test is introduced, following parameters are considered

· 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
· 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

·  The final decision will be made in RAN4#98e.
· Test for gNB based sync

· Option 1: Define performance requirement with 1300Hz FO and ±24Ts TO
· Option 2: Do not define performance requirement

( The final decision will be made in RAN4#98e.
· PSCCH demodulation
· Payload size

· Option 1: 26bit

· Option 2: 24bits

( Depending on decision of sub-channel size, the final decision will be made in RAN4#98e


2.1 PSSCH demodulation test

In RAN4#97e meeting, the following physical layer design regarding PSSCH DMRS and PSCCH mapping was discussed:

PSSCH DMRS 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 DMRS pattern to be transmitted in the same OFDM symbol with PSCCH.

The sub-channel size should be equal to or larger than 20 only when PSSCH DMRS and PSCCH are mapped to the same OFDM symbol and same sub-channel. If PSSCH DMRS and PSCCH are mapped to the same symbol and different sub-channels, the sub-channel size can be smaller than 20 PRB, e.g. 10 PRB. In spite of this, the case that PSSCH DMRS and PSCCH are mapped to the same symbol and same sub-channel should be avoided when the sub-channel size is configured as 10 PRB. This adversely impacts the flexibility of PSSCH DMRS and PSCCH allocation in some certain cases. 
As per the WF [1], the number of allocated RB for PSSCH in 500km/h test is configured as 20. For 30km/h and 260km/h test cases, the same number of allocated RB for PSSCH, i.e. 20 PRB, as 500km/h test with one sub-channel, is preferred. The multiple sub-channels configuration can be used for multiple link test cases. From the link level simulation results, no performance difference can be observed between one and two sub-channels for the same number of PRB allocation. It is thus proposed to configure 20 PRB for PSSCH with one sub-channel for 30km/h, 260km/h and 500km/h.
Proposal 1: Configure 20 PRB for PSSCH with one sub-channel for 30km/h, 260km/h and 500km/h test cases.
The PSFCH periodicity in 260km/h PSSCH test is agreed as 4. Regarding DMRS pattern for 260km/h PSSCH test, the configuration of {2, 3} symbols for slot with PSFCH and without PSFCH can satisfy the demodulation performance based on the simulation results. In addition, fewer DMRS symbols configured in one slot bring about smaller overhead of DMRS. 
Proposal 2: For 260km/h PSSCH test, it is proposed to configure 2 DMRS for slot with PSFCH and 3 DMRS for slot without PSFCH.
500km/h PSSCH test case has higher velocity and Doppler shift compared to 260km/h and 30km/h test. More DMRS should be configured as much as possible to track higher Doppler shift. From this perspective, it is proposed to configure PSFCH periodicity as 4 for 500km/h PSSCH test in order to get 4 DMRS tracking capability for higher Doppler shift.
30km/h PSSCH test case has lower velocity and Doppler shift compared to 260km/h and 500km/h test. There is no need to configure more DMRS to track Doppler shift. Based on the simulation results of 30km/h PSSCH test case, no obvious performance difference could be observed between 1 periodicity and 4 periodicity of PSFCH. To verify the performance of 1 periodicity for PSSCH test case, it is proposed to configure PSFCH periodicity as 1 for 30km/h PSSCH test.
Proposal 3: It is proposed to configure PSFCH periodicity as 4 for 500km/h PSSCH test, aimed at getting 4 DMRS tracking capability for higher Doppler shift. 
Proposal 4: To verify the performance of 1 periodicity for PSSCH test case, it is proposed to configure PSFCH periodicity as 1 for 30km/h PSSCH test.
2.2 PSCCH demodulation test

Based on the simulation results of PSCCH demodulation test, the performance difference between the payload size of 24bits and 26bit is minor. Considering that 20PRB sub-channel size is preferred, it is proposed to configure 24bits payload size for PSCCH.
Proposal 5: Configure 24bits payload size for PSCCH based on 20PRB sub-channel size
2.3 256QAM demodulation test case

256QAM transmission and reception was agreed as optional UE capability. Compared to 64QAM, 256QAM demodulation requires much higher SNR level that is difficult to be achieved in time-varying channel with different velocities. Considering much more test cases introduced for NR V2X, it is proposed to not introduce 256QAM demodulation test case in Rel-16.
Proposal 6: Do not introduce 256QAM demodulation test case in Rel-16.
2.4 gNB based sync test
In LTE V2X, eNB based sync test cases were introduced in addition to GNSS based sync test. When it comes to NR V2X, there is no any scenario difference observed and the same principle should apply. Both GNSS based sync and gNB based sync are considered as primary scenarios in RAN1. gNB based sync test performance should be verified like GNSS based sync test.
Proposal 7: Define performance requirement for gNB based sync test with 1300Hz FO and ±24Ts TO.
3 Conclusion
In this contribution, the further analysis on the single link test cases is provided. The following proposals are derived:
Proposal 1: Configure 20 PRB for PSSCH with one sub-channel for 30km/h, 260km/h and 500km/h test cases.

Proposal 2: For 260km/h PSSCH test, it is proposed to configure 2 DMRS for slot with PSFCH and 3 DMRS for slot without PSFCH.
Proposal 3: It is proposed to configure PSFCH periodicity as 4 for 500km/h PSSCH test, aimed at getting 4 DMRS tracking capability for higher Doppler shift. 
Proposal 4: To verify the performance of 1 periodicity for PSSCH test case, it is proposed to configure PSFCH periodicity as 1 for 30km/h PSSCH test.
Proposal 5: Configure 24bits payload size for PSCCH based on 20PRB sub-channel size
Proposal 6: Do not introduce 256QAM demodulation test case in Rel-16.
Proposal 7: Define performance requirement for gNB based sync test with 1300Hz FO and ±24Ts TO
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