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1 Introduction
In RAN4#97e meeting, the WF [1] and simulation assumption [2] on multiple link demodulation test for NR V2X was approved, including power imbalance, HARQ buffer soft combining, PSSCH/PSCCH decoding capability, PSFCH decoding capability and SDR test. This contribution will provide our view and further analysis on multiple link demodulation test.
2 Discussion
The detailed agreements and remaining issues on multiple link demodulation test are captured in the WF [1] as follows:
	· Power imbalance

· Methodology for NR V2X power imbalance test

· Reuse the methodology from LTE V2X power imbalance test

· ICS level
· Option 1: -27dBc ICS 
· Option 2: ICS is higher than -27dBc
· Companies are encouraged to bring analysis on acceptable ICS level for NR V2X

· Distance between the two links
· Option 1: 10 PRBs
· Option 2: 30 PRBs
· Companies are encouraged to check the impact of IBE for options above for the next RAN4 meeting.
· HARQ buffer soft combining test
· Test design

· CBW: 20 MHz

· Sub-channel size: 10 or 15
· For verification of n16 and n24, 16 or 24 UEs transmit signal one by one circularly for every slot and in the first subchannel.
· For verification of 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 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.
· MCS
· Option 1: MCS 13
· Option 2: MCS 28 (64 QAM, 948/1024) for MCS index Table 1
· PSCCH/PSSCH decoding capability test
· CBW/SCS
· Need to further check on the supporting CHBW sets on V2X band, mandatory or optional and typical deployment scenarios, RAN4 planned to make decision among 40MHz and 20MHz in RAN4#98e.

· PSFCH configuration
· Option 1: No PSFCH
· Option 2: PSFCH with periodicity 1
· PSFCH decoding capability test
· CBW/SCS
· Option 1: 20 MHz, 30 kHz 
· Option 2: 40 MHz, 30 kHz
· Number of sub-channels
· Option 1: 1
· Option 2: Maximum possible for considered scenario (i.e. 5 for 20 MHz and 10 for 40 MHz)
· SDR with active sidelink test
· Whether to define the SDR test with active sidelink?

· Option 1: Yes

· Option 2: No


2.1 HARQ buffer soft combining test
The test design of HARQ buffer soft combining is stable based on the agreements, in which the time gap between initial transmission and retransmission, i.e. 31 slots, is verified. The remaining issues are sub-channel size and MCS. To test the maximum number of sidelink UE, i.e. 64, and to verify the time gap between initial transmission and retransmission, i.e. 31 slots, at least three sub-channels should be configured. Both the sub-channel size of 10 PRB and 15 PRB can enable at least three sub-channels for 20MHz CBW/30kHz SCS. To verify HARQ buffer soft combining capability, the resource in frequency domain should be utilized as much as possible. Therefore, the sub-channel size of 15 PRB outperforms 10 PRB for 20MHz CBW/30kHz SCS. In addition, much more data bits and larger TB size should be configured as much as possible. Higher MCS can be configured to enable more data bits and larger TB size.
Proposal 1: Configure 15 PRB sub-channel size for HARQ buffer soft combining test.
Proposal 2: Configure MCS 28 for HARQ buffer soft combining test.
2.2 PSCCH/PSSCH decoding capability test
Regarding channel bandwidth and subcarrier spacing, 10, 20, 30 and 40MHz CBW for 15 and 30kHz SCS are specified for ITS band n47 and licensed band n38 in Rel-16. If UE support one V2X band, all the CBWs of that band should be supported, including 10, 20, 30 and 40MHz CBW. To verify the worst case of PSCCH/PSSCH decoding capability test, the maximum CBW 40MHz is proposed to be tested. If 40MHz CBW/30kHz SCS could pass the test, the performance of 20MHz CBW/30kHz SCS can be guaranteed but the inverse cannot be. There is no need to test 20MHz CBW/30MHz separately. In addition, PSFCH should be configured for PSCCH/PSSCH decoding capability test, which is also aligned with other tests. No PSFCH configuration will lead to different test procedures and methods without ACK/NACK feedback statistics. So it is proposed to configure 1 periodicity for PSCCH/PSSCH decoding capability test.
Proposal 3: To verify the worst case of PSCCH/PSSCH decoding capability test, the maximum CBW 40MHz is proposed to be tested.
Proposal 4: Configure PSFCH with 1 periodicity for PSCCH/PSSCH decoding capability test.
2.3 PSFCH decoding capability test
In RAN4#97e meeting, the candidate options of 40MHz or 20MHz CBW for 30kHz SCS were discussed for PSFCH decoding capability test. If 20MHz CBW/30kHz SCS is configured, there are 13 PRBs with two PSFCH transmitted within each PRB in case of 64 PSFCH transmissions (N=64). Two CS pairs should be configured to distinguish these two PSFCHs within each PRB. If 40MHz CBW/30kHz SCS is configured, every RB is occupied with one PSFCH transmission for all types of UE capabilities. From the link level simulation perspective, there is no evident performance difference between one PRB with one PSFCH transmission and two PSFCH transmissions. So it is slightly preferred to configure 20MHz CBW/30kHz SCS for PSFCH decoding capability test. 
In frequency domain, one PSFCH transmission occupies one PRB. Multiple PSFCH transmissions should be mapping to multiple PRBs instead of multiple sub-channels. From this point of view, one sub-channel configuration for full channel bandwidth is feasible to test PSFCH decoding capability test.
Proposal 5: Configure 20MHz CBW/30kHz SCS for PSFCH decoding capability test.
Proposal 6: Configure one sub-channel for full channel bandwidth for PSCCH/PSSCH decoding capability test.
2.4 SDR with active sidelink test
In LTE V2X, SDR test was introduced to test the impact of concurrent operation between Uu and SL. Con-current operation is considered as one of primary scenarios for both LTE V2X and NR V2X. Multiple concurrent band combinations were introduced in Rel-16. In future, a lot of con-current operation for different band combinations will be introduced. SDR test with active sidelink should be introduced to verify the UE supporting con-current operation between Uu and SL. If SDR test will be introduced, the limited test cases can be considered.
Proposal 7: To verify the UE supporting con-current operation between Uu and SL, it is proposed to introduce SDR test with active sidelink.
3 Conclusion
In this contribution, the test parameters of multiple link test cases are further analyzed. The following proposals are derived:
· HARQ buffer soft combining test
Proposal 1: Configure 15 PRB sub-channel size for HARQ buffer soft combining test.

Proposal 2: Configure MCS 28 for HARQ buffer soft combining test.
· PSCCH/PSSCH decoding capability test
Proposal 3: To verify the worst case of PSCCH/PSSCH decoding capability test, the maximum CBW 40MHz is proposed to be tested.
Proposal 4: Configure PSFCH with 1 periodicity for PSCCH/PSSCH decoding capability test.
· PSFCH decoding capability test
Proposal 5: Configure 20MHz CBW/30kHz SCS for PSFCH decoding capability test.
Proposal 6: Configure one sub-channel for full channel bandwidth for PSCCH/PSSCH decoding capability test.
· SDR with active sidelink test
Proposal 7: To verify the UE supporting con-current operation between Uu and SL, it is proposed to introduce SDR test with active sidelink.
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