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Introduction
In the RAN4 #98-e meeting, WF on multiple link tests for NR V2X demodulation performance was agreed [1] and the following agreements were reached:
	· CBW and feedback configuration
· Option1: No PSFCH, AT command and 40 MHz 
· Option2: Using PSFCH with PSFCH with periodicity 1 and flexibly CBW depending on psfch-TxNumber capability: 
· 40MHz channel bandwidth is for the UE supporting psfch-TxNumber =n16, 20MHz/30MHz channel bandwidth is for the UE supporting psfch-TxNumber =n8, and 10MHz channel bandwidth is for the UE supporting psfch-TxNumber =n4.
· Option 3: 40 MHz CBW, PSFCH based feedback and following test methodology
· 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
· Companies are encouraged to analyze the pros and cons of each option for the next RAN4 meeting. 
· Verification of 2*floor(NRB /10 RBs) capability
· Not to verify 2*floor(NRB /10 RBs) capability in Rel-16 V2X


In this paper we provide our view on V2X multiple link PSCCH/PSSCH decoding capability requirements.
Discussion
One of the open questions for V2X multiple link PSCCH decoding capability requirements is channel bandwidth and HARQ feedback configuration. 
In comparison of LTE V2X, NR V2X has channel bandwidth / SCS depended capability on maximum number of PSCCH that the supports for reception in a slot (i.e. floor (NRB /10 RBs) or 2*floor (NRB /10 RBs)). In the previous meeting it was agreed to define requirements only for floor (NRB /10 RBs) capability for the Rel-16 V2X time frames. Taking into account that 40 MHz and 30 kHz combination is mandatory for support, reception of 10 PSCCHs (floor (106 /10 RBs)) in a slot should be mandatory also. Therefore, we think that it is rather important to verify that each V2X UE supports reception of 10 PSCCHs in a slot.
Observation #1:	The main test purpose is to verify the reception of multiple PSCCHs in a slot.
Observation #2:	Reception of 10 PSCCHs in a slot is mandatory for Rel-16 V2X UE.
Proposal 1:	Rename the test from “PSCCH/PSSCH decoding capability requirements” to “PSCCH decoding capability requirements”.
For correct verification of PSCCH decoding capability, 10 simultaneous PSCCH transmissions should be configured during the test. To verify that UE (DUT) correctly received 99% of transmitted PSCCH, we can consider two approaches:
· Configuring of HARQ feedback
· Using of AT command
ACK/NACK information is transmitted in the specific physical channel PSFCH. Each PSFCH can contain one bit with feedback to one UE. Number of simultaneous transmitted PSFCH channels is up to UE capability and can be equal to 4, 8 or 16 (psfch-TxNumber in TS 38.331). Based on such limitation, we cannot directly verify that UE supports reception of 10 PSCCHs in a slot in case it has psfch-TxNumber = 4 or 8. Therefore, one of the options for PSCCH decoding capability from the previous meeting is verification of reception of 10 PSCCHs (CBW 40 MH/SCS 30 kHz) only for UEs with psfch-TxNumber = 16. For UEs with psfch-TxNumber = 4, it was suggested to execute the test with 10 MHz CBW (i.e. 2 PSCCHs) and for UEs with psfch-TxNumber = 8, test with 20 or 30 MHz CBW (i.e. 5 or 7 PSCCHs). We can observe that such solution does fulfil the PSCCH decoding capability test purpose for all possible UEs. Therefore, we suggest not to consider this option for requirements definition.
Observation #3:	Option 2 test design allows to resolve the issue with testing of UEs with different psfch-TxNumber capabilities. However, Option 2 test design does not fulfil the PSCCH decoding capability test purpose (i.e. reception of 10 PSCCHs in a slot) for all possible UEs.
As for AT command, based on TS 36.521-1 Section 14.8.4 [2], we can observe that in addition to typical SS connection to UE antenna connectors, connection of the SS COM port to the UE COM port is required. This port is used to request the UE to report the counter of successful reception of sidelink PSCCH transmissions. There are no limitations on number of reported counters. Therefore, we can directly verify that UE supports reception of 10 PSCCHs in a slot. Based on our understanding, this methodology does not lead to significant test complexity and already well know from the LTE V2X testing procedure. The only drawback of this approach is that connection of the SS COM port to the UE COM port will be required only for this test and for other tests the typical HARQ feedback-based testing methodology will be used.
Observation #4:	Option 1 test design allows directly verify that UE supports reception of 10 PSCCHs in a slot. However, Option 1 test design requires additional test setup (i.e. connection of the SS COM port to the UE COM port) in comparison to other V2X requirements.
In the previous meeting additional methodology for verification of support of reception of 10 PSCCHs in a slot was proposed. Based on this methodology, different priority can be configured for different PSSCH channels and UE will send feedback only PSSCHs with higher priority. Such procedure allows to control feedback processing for UEs with psfch-TxNumber = 4 or 8. Based on TS 38.212 [3], priority information is transmitted in SCI format 1-A. Therefore, UE should make decoding of all 10 PSCCH channels to determine priority of all PSSCH channels and send ACK/NACK feedback only for PSSCH with higher priority.
One question for this methodology is how to ensure that UE really makes the decoding of 10 PSCCH channels, because during the testing of UEs with psfch-TxNumber = 4 or 8 we cannot directly verify such process. UE can decode first 4 or 8 PSCCHs and if this PSCCHs contain high priory fields then UE can pass the test. Therefore, it also was suggested to have random priority assignment during the test. Taking into account that requirements are defined for static channel conditions without external noise, we can expect that performance for each slot is rather same and if UE has issue with certain PSCCH decoding in one slot then we will observe the issue with PSCCH decoding in other slots. 
Another question for this methodology is how to calculate the probability of missed PSCCH. Based on our understanding, we can calculate statistics only for PSCCHs with high priority field. Therefore, the probability of missed PSCCH can be calculated as number of PSCCHs with high priority field, for which HARQ feedback was received, divided by the total number of PSCCHs with high priority field, which was generated during the tests.
One of the drawbacks of this method is that test time can be different for UEs with different psfch-TxNumber, because we will have 10, 8 or 4 feedbacks per slot. Test time for UEs with psfch-TxNumber = 4 should be longer in comparison to test time for UEs with psfch-TxNumber = 10 to achieve same confidential level for testing of different UEs. Another solution is to have same testing time for all UEs derived based on the worst case (i.e. UE with psfch-TxNumber = 4).
Observation #5:	Option 3 test design allows to verify that UE supports reception of 10 PSCCHs in a slot. However, Option 3 test design does not allow to have direct verification of PSCCH decoding capability and testing time can be different for UEs with different psfch-TxNumber capability.
Proposal 2:	Define Rel-16 V2X PSCCH decoding capability test with 40 MHz channel bandwidth.
Proposal 3:	Use testing methodology with AT command (Option 1) or with different PSSCH priority configuration (Option 3) for Rel-16 V2X PSCCH decoding capability test.
Conclusion
In this paper we provided view on Rel-16 V2X multiple link PSCCH/PSSCH decoding capability requirements and made the following observations and proposals:
Observation #1:	The main test purpose is to verify the reception of multiple PSCCHs in a slot.
Observation #2:	Reception of 10 PSCCHs in a slot is mandatory for Rel-16 V2X UE.
Proposal 1:	Rename the test from “PSCCH/PSSCH decoding capability requirements” to “PSCCH decoding capability requirements”.
Observation #3:	Option 2 test design allows to resolve the issue with testing of UEs with different psfch-TxNumber capabilities. However, Option 2 test design does not fulfil the PSCCH decoding capability test purpose (i.e. reception of 10 PSCCHs in a slot) for all possible UEs.
Observation #4:	Option 1 test design allows directly verify that UE supports reception of 10 PSCCHs in a slot. However, Option 1 test design requires additional test setup (i.e. connection of the SS COM port to the UE COM port) in comparison to other V2X requirements.
Observation #5:	Option 3 test design allows to verify that UE supports reception of 10 PSCCHs in a slot. However, Option 3 test design does not allow to have direct verification of PSCCH decoding capability and testing time can be different for UEs with different psfch-TxNumber capability.
Proposal 2:	Define Rel-16 V2X PSCCH decoding capability test with 40 MHz channel bandwidth.
Proposal 3:	Use testing methodology with AT command (Option 1) or with different PSSCH priority configuration (Option 3) for Rel-16 V2X PSCCH decoding capability test.
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