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1 Introduction
In RAN1#98bis [1], further discussion and agreements are made on the sidelink physical layer procedures including sidelink power control, HARQ procedures, CSI acquisition, etc. In this contribution, the remaining issues of 5G V2x procedures are discussed and our preferences are shown.
2 Sidelink power control

In RAN1#98bis, a working assumption has been made for the power limited case when UL and SL transmissions are overlapping in time domain. The working assumption should be approved. To decide the priority between SL transmission and UL transmission, the same mechanism as in LTE V2x can be reused, i.e. whether to allocate power to SL depends on the higher layer parameter thresSL-TxPrioritizeation. 
Proposal 1: the working assumption on simultaneous sidelink and uplink transmission is approved
· LTE V2x mechanism should be reused to decide whether SL transmission should be prioritized

For SL pathloss based power control, it is important to estimate the pathloss between transmitter and receiving UEs. Unlike DL pathloss based power control where the gNB transmission power is given by the higher layer parameter, how to calculate the SL transmission power used in SL pathloss estimation should be decided. Following alternatives can be considered:
· Alt 1: the latest Tx power used for PSSCH transmission to the same receiving UE

· Alt 2: the average Tx power used for PSSCH transmission to the same receiving UE in a given time window before receiving the latest RSRP report

· Alt 3: using the same L3 filtering mechanism and parameters to calculate Tx power as calculating L3 filtered RSRP measurement
Proposal 2: RAN1 should decide how to determine the Tx power used for SL pathloss calculation in SL pathloss based power control. 
3 HARQ procedures
3.1 HARQ feedback generation
In NR downlink, a UE generates HARQ-ACK only after it received all the repetition of a TB. The number of repetitions is configured by gNB and the repetitions happen in continuous slots. However, for sidelink HARQ feedback, there is still no agreement explicitly stating whether UE should generate HARQ-ACK feedback for each PSCCH/PSSCH transmission, or should generate HARQ-ACK feedback after receiving all the repetitions of the same TB. 

If HARQ-ACK feedback is generated after all the repetitions of a TB, from the receiving UE perspective, the receiving UE should be able to know when would be the last repetition of a TB, and then generate the HARQ-ACK feedback. A (pre)-configured repetition number would be needed. However, considering the various requirements of V2x applications, it would be difficult to set a proper repetition number for the vehicle UE, especially for out of coverage UEs. 
On the other hand, HARQ-ACK feedback for each PSCCH/PSSCH transmission would help to utilize the sidelink resource more efficiently. The cost would be the potential increase of PSFCH congestion. Considering the current design of PSFCH which occupies only 1 PRB, PSFCH congestion may not be an issue.
Therefore, we propose:

Proposal 3: When HARQ feedback is enabled, for each PSSCH transmission, a HARQ-ACK feedback is generated. 

3.2 HARQ-ACK for groupcast
In [98b-NR-20] it has been agreed that the groupcast HARQ feedback option can be indicated explicitly by SCI. However, the applicability of each option is still unclear. 
From Option 1 point of view

For option 1 of HARQ feedback for groupcast, better PSFCH resource efficiency can be achieved due to shared PSFCH resource. However, groupcast transmitter UE cannot distinguish DTX from ACK based on only NACK feedbacks. The reliability of the groupcast communication depends on the probability of PSCCH miss detection. 

Assumes that the number of receiving UEs in the groupcast is N, the probability of miss detection of PSCCH by each UE is {p0, p1, …, pN}, assuming that the PSSCH transmissions to every receiver UE is successful, the probability that at least a receiving UE misses the groupcast data without feedback would be 1- ∏i(1-pi).
Let N=10, p0= p1 =… =p10=10-3, the total missing probability would be about 10-2; 
However, if let p0= p1 =… =p9=10-3, and only p10=10-1, the total missing probability would be about 10-1. 

Therefore, for groupcast communication with HARQ feedback option 1, if there exists some link(s) with much less reliability than others, bad link(s) will dominate the overall groupcast reliability. For V2x groupcast communication, the receiver UEs may be distributed in an area with different distance/pathloss to the transmitter UE. Also the interference from other sidelink communications to different receiver UEs could vary a lot. A single or a limited number of sidelink link(s) with large signal propagation attenuation (e.g. due to distance, shadowing fading, etc.) or severe interference may deteriorate the overall groupcast reliability when option 1 HARQ feedback is used. 
Observation 1: When HARQ feedback option 1 for groupcast is used, the overall groupcast reliability can be deteriorated by limited number of links with bad link quality.
From option 2 point of view

On the other hand, HARQ feedback option 2 can guarantee the reliability of groupcast as it can distinguish DTX from ACK by individual ACK/NACK feedback from each receiving UE. However, the number of PSFCH resource used by HARQ feedback option 2 is proportional to the number of receiving UEs in the groupcast. From SA1 requirements in [2], for Vehicle Platooning, the 3GPP system shall be able to support reliable V2V communications between a specific UE supporting V2X applications and up to 19 other UEs supporting V2X applications. As the number of UEs in a groupcast communication can be any number from 2 to 19, the number of PSFCH resource for a groupcast TB transmission can also vary between 2 and 19. It would be very inefficient if PSFCH resource is designed for potential usage by groupcast feedback based on the maximum number of UEs in the groupcast. 
Observation 2: PSFCH resource usage would be very inefficient if PSFCH resource is designed for maximum number of UEs in groupcast.
Finally, for option 2, the number of receiving UEs in the groucast may exceed the number of PSFCH resources. If so, anyway only a subset of UEs in the groupcast can be selected to feedback HARQ-ACK in the limited PSFCH resource. And other UEs out of the subset can share a single PSFCH resource by feedback with option 1, i.e. only feedback NACK. Compared with the option of no feedback for these UEs, this mixed solution can provide more benefit on the communication reliability. 

Observation 3: When the PSFCH resource is limited, only a subset of groupcast UEs can be selected to feedback both ACK and NACK, and other UEs can feedback NACK only in a single PSFCH resource. 

Based on observations above, it would be necessary to design a mixture of option 1 and option 2 HARQ feedback for groupcast, which can both provide satisfying reliability even when there exists link(s) with bad link quality, can limit the PFSCH resource consumption when the number of groupcast UEs is large, and can provide more reliability when the PSFCH resource is limited. Only a subset of receiving UEs in a groupcast communication can be allowed to use option 2 HARQ feedback, and other UEs in the groupcast use option 1 HARQ feedback. To limit the number of PSFCH resources, a maximum number of UEs using option 2 can be (pre-)configured. It would be beneficial to the groupcast reliability if the receiving UEs with the worst link quality is selected into the subset of UEs using option 2 HARQ feedback. However, similar as group management in the goupcast, it may also be up to upper layer to decide which UE uses option 2 to feedback HARQ in the groupcast.
Proposal 4: Mixture of option 1 and option 2 HARQ feedback for a groupcast transmission is supported
· A subset of receiving UEs use option 2 HARQ feedback, while other receiving UEs use option 1

4 PSFCH collisions

In RAN1#98 meeting, it has been agreed that UE select PSFCH Tx or Rx based on priority, and N PSFCH(s) can be selected based on priority rule for PSFCH Tx to multiple UEs. However, the exact priority rule is still unclear when the priority indicated in the SCI is the same. The standardization complexity could be high if all the related issues including Tx/Rx, cast type, HARQ state, HARQ feedback option, etc. are considered. On the other hand, the overall performance gain to define such a complicated priority rule would be small. Therefore, we propose to leave the case to UE implementation.
Proposal 5: the priority rule for PSFCH collision is up to UE implementation if the priority indication in the associated PSCCH/PSSCH is the same. 
In RAN4 LS, it has been clarified that the number of PSFCH can be FDM depends on multiple factors such as the frequency position of PSFCH, the power allocation of different PSFCH, etc. The standardization effort to support N >2 would be very high. Therefore, it is proposed that only N=1 is supported for Rel-16 5G V2x.
Proposal 6: when Tx of PSFCH to multiple UEs overlaps, only 1 PSFCH can be transmitted.

RAN2 has decided that different destination ID can be used for unicast even for the same destination UE. Therefore, a UE may not be able to correctly distinguish between PSFCHs to multiple UEs and PSFCHs to the same UE. On the other hand, in email discussion [98b-NR-09], it has been agreed that for the agreed SN-based PSFCH format, only 1 bit can be carried for the case of N=1, where N is the period of slots having PSFCH resource in a resource pool. Supporting only1 bit PSFCH for all cases including N=2, 4 can simplify the design. Therefore, it is proposed to not support SFI multiplexing in Rel-16.
Proposal 7: When Tx of multiple PSFCHs to the same UE, the same mechanism as Tx of PSFCH to multiple UEs is used for PSFCH transmission. 
5 Conclusion
In this contribution, the issues on 5G V2x HARQ procedures are discussed. Based on the discussion, we made the following observations and proposals:

Observation 1: When HARQ feedback option 1 for groupcast is used, the overall groupcast reliability can be deteriorated by limited number of links with bad link quality.
Observation 2: PSFCH resource usage would be very inefficient if PSFCH resource is designed for maximum number of UEs in groupcast.

Observation 3: When the PSFCH resource is limited, only a subset of groupcast UEs can be selected to feedback both ACK and NACK, and other UEs can feedback NACK only in a single PSFCH resource. 

Proposal 1: the working assumption on simultaneous sidelink and uplink transmission is approved

· LTE V2x mechanism should be reused to decide whether SL transmission should be prioritized

Proposal 2: RAN1 should decide how to determine the Tx power used for SL pathloss calculation in SL pathloss based power control. 

Proposal 3: When HARQ feedback is enabled, for each PSSCH transmission, a HARQ feedback is generated. 

Proposal 4: Mixture of option 1 and option 2 HARQ feedback for a groupcast transmission is supported
· A subset of receiving UEs use option 2 HARQ feedback, while other receiving UEs use option 1

Proposal 5: the priority rule for PSFCH collision is up to UE implementation if the priority indication in the associated PSCCH/PSSCH is the same. 
Proposal 6: when Tx of PSFCH to multiple UEs overlaps, only 1 PSFCH can be transmitted.

Proposal 7: When Tx of multiple PSFCHs to the same UE, the same mechanism as Tx of PSFCH to multiple UEs is used for PSFCH transmission. 
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