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Introduction

As we know, two HARQ feedback mechanisms was introduced in RAN1 #96bis as below:

Option 1: Receiver UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH. It transmits no signal on PSFCH otherwise.

Option 2: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE.

In addition, according to the email discussion of RAN1[1], there is a proposal for agreement that For groupcast HARQ feedback, SCI explicitly indicates either Option 1 or Option 2 is to be used.
In this contribution, we will discuss two remaining groupcast HARQ feedback related issues：

Issue1：If HARQ feedback option 2 is an optional UE capability, then how to handle it in groupcast. (since each member UE cannot exchange cap info in AS layer)

Issue2：HARQ feedback option 2 determination criteria,e.g. Information of group size and member ID, range based or not, number of PSFCH resource, etc

Discussion

How to handle HARQ feedback if option2 is an optional UE capability

According to the procedure for V2X groupcast communication[2], TX UE and RX UE will not exchange capability related information before transmitting V2X Service. Moreover, TX UE and RX UE will not establish RRC connection for groupcast. Therefore, RX UE capability related information such that whether option2 HARQ feedback is supported can not be acquired by the TX UE via AS layer procedure.

Observation 1: according to previous agreement, TX UE cannot acquire RX UE’s HARQ feedback related capability via AS layer procedure for NR V2X groupcast communication.

In order to help the TX UE acquire RX UE’s HARQ feedback related capability, two solutions can be considered as below：

Option1: Introduce groupcast PC5 RRC connection to exchange HARQ feedback related UE capability.

Option2: HARQ feedback related UE capability information is exchanged in the upper layer. Then the upper layer informs it to the AS layer.

Option1 seems to be a more reasonable solution since UE capability information is reported via RRC signaling in NR Uu interface and PC5 RRC signaling in NR V2X unicast communication. However, groupcast PC5 RRC signaling has not been supported currently. Introducing groupcast PC5 RRC signaling may need a lot of work and have a huge impact on RAN2. Considering limited time left and complex specification impact, this option is not suitable. 
Option2 may be a easier way to exchange UE capability information, and has little impact on RAN2. But it needs upper layer to exchange all member UEs’ capability information, which is out of RAN2’s scope.

Proposal 1: UE capability information may be exchanged in Upper layer, then the upper layer informs it to the AS layer, which is out of RAN2’s scope.

HARQ feedback option selection in groupcast
From SA2 reply LS[3], SA2 considered that in order to support Option 2 (both ACK/NACK mode), two parameters, i.e. "a member ID" and "a group size" need to be provided by the V2X application layer for each UE operating groupcast:

If a group size and a member ID are provided by the V2X application layer, the V2X layer passes them down to the AS layer.

–In this case, the AS layer can use HARQ-ACK operation by using these information provided by the V2X layer. Therefore, Option 2 can be supported. Anyhow, which option is used is up to the AS layer.

–Please note that it is assumed that the V2X application layer provides accurate and up-to-date information on the group size and the member ID.

If a group size and a member ID are NOT provided by the V2X application layer, the V2X layer cannot provide these information to the AS layer.

–In this case, Option 2 cannot be selected by the AS layer.
Based on above agreements, TX UE firstly needs to check whether upper layer provides the parameters of "a member ID" and "a group size" to AS layer when performing HARQ feedback option selection. If there is no such information, HARQ feedback option2 can not be selected.

Secondly, since all the member UEs need to feedback HARQ ACK/NACK on PSCH resource for HARQ feedback option2, RX UE needs to be allocated individual PSFCH resource to avoid PSFCH resource collision. As consequence, another factor needs to be considered during HARQ feedback option selection is whether there is enough PSFCH resource. In another word, if group size is larger than the number of configured PSFCH resource, option 2 shall not be selected.
Proposal 2: If group size is larger than the number of configured PSFCH resource, option 2 shall not be selected.
Thirdly, UE’s AS layer also needs to check whether range-based requirement is provided in the QoS flow belonging to the destination ID of the groupcast service, then if there is range requirement, option 2 shall not be selected. Since TX UE can not receive HARQ ACK/NACK from member UE who moves out of  the communication range, so that TX UE doesn’t know whether the corresponding  data need to be retransmitted, as  a results, HARQ feedback option 2 is not workable for range based HARQ feedback .

Proposal 3: If QoS requirements of corresponding service contain range requirement, HARQ feedback option 2 shall not be selected.
Forthly, as described in section 2.1, HARQ feedback option2 is an optional UE capability, which means not all member UEs can support HARQ feedback option2. As a result, limited UE capability of HARQ feedback option2 needs to be taken into account.

Proposal 4: If any member UE does not support HARQ feedback option2, HARQ feedback option2 shall not be selected.

Lastly, as we know, compared with option1, option 2 can provide higher reliability. Thus, service reliability can be taken into consideration, eg, an additional reliability threshold can be configured. if the reliability is higher than the configured threshold, then HARQ feedback option2 shall be selected, otherwise, HARQ feedback option 1 shall be selected.

Proposal 5: If the reliability requirement of the MAC PDU is higher than the configured threshold, HARQ feedback option2 can be selected.
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Figure 1: the illustration of HARQ feedback selection
In conclusion, we summarized above factors to give a more specific illustration. As shown in Figure1, the Upper layer of the Tx UE provides group size, member ID, range requirement and reliability requirement to theAS layer, Rx UE sends HARQ feedback capability to Tx UE, and PSFCH resource(s) and reliability threshold is configured by gNB. Then only all the following conditions are met, HARQ feedback option2 can be selected:

Upper layer provide group size,member ID

All member UEs have HARQ feedback option2 capability 

QoS requirements of corresponding service do not contain range requirement

The number of configured PSFCH resource is equal to or larger than group size 

The MAC PDU contains MAC SDU that reliability requirement is higher than the configured threshold

Conclusion
Based on the analysis provided above, we have the following observation and proposals:

Observation 1: according to previous agreement, TX UE cannot acquire RX UE’s HARQ feedback related capability via AS layer procedure for NR V2X groupcast communication.

Proposal 1: UE capability information may be exchanged in Upper layer, then the upper layer informs it to the AS layer. which is out of RAN2’s scope.

Proposal 2: If group size is larger than the number of configured PSFCH resource, option 2 shall not be selected.
Proposal 3: If QoS requirements of corresponding service contain range requirement, HARQ feedback option 2 shall not be selected.
Proposal 4: If any member UE does not support HARQ feedback option2, HARQ feedback option2 shall not be selected.

Proposal 5: If the reliability requirement of the MAC PDU is higher than the configured threshold, HARQ feedback option2 can be selected.
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