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1 Introduction
Regarding SL groupcast HARQ operation, RAN1 has agreed the following two options:

	RAN1 discussed HARQ procedures for sidelink groupcast and would like to inform RAN2 that RAN1 agreed to support the following two options for the sidelink HARQ feedback from the receiver UEs to the transmitter UE when HARQ feedback is enabled for groupcast:

· 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 RAN1#98 meeting, an LS was sent to RAN2 [1]:
	Question: Does RAN1 assume the UE needs to be aware of each of the other UEs in the group for support of Option 2?
RAN1 assumes that upper layers provide unique identifier for each RX UE in a group. 

As the group establishment is performed in upper layers, RAN1 would like to request SA2 to provide necessary support for delivery of group information to AS layers.
2. Actions:

To RAN2 group

ACTION: 

RAN1 respectfully requests RAN2 to take the above into account in the related work. 
To SA2 group

ACTION:

RAN1 respectfully requests SA2 to provide necessary support for delivery of group information to AS layers.


In this contribution, we will discuss the possible solutions of identifier assignment to enable Option 2, whereas both upper layer based solution and AS layer based solution will be analysed.
2 Discussion
As per RAN1’s agreements which are listed and highlighted above, to support option 2, RAN1 agreed to define an identifier to distinguish each RX UE in a group for HARQ feedback. To our understanding, this identifier is different from source L2 ID, and by introducing this identifier, each receiver UE will have a unique PSFCH resource which is calculated based on this identifier. Moreover, since any group member UE can initiate groupcast transmission, in order to correctly detect the HARQ feedback results from all Rx UEs, each member UE should know identifiers of all other member UEs, so that it can receive HARQ feedback on the corresponding resources. 
Observation 1: To support Option 2 groupcast HARQ feedback, unique identifier needs to be assigned to distinguish each RX UE in the group with separated PSFCH resource. 
Observation 2: The unique identifier to distinguish each Rx UE is different from source L2 ID. 

Observation 3: Both its own identifier and identifiers of all member UEs (e.g. group size) need to be assigned to each member UE. 
To enable identifier assignment for option 2, in general, there are two potential solutions, i.e. upper layer based identifier assignment solution and AS layer based identifier assignment solution.
2.1 Upper layer based identifier assignment solution

According to TR 23.287 [2], from AS perspective, the group management is performed in upper layer. As proposed in [3], the group establishment and group joining/leave are performed in upper layer, and, there is an initiated UE/anchor UE who initiates the groupcast discovery procedure, therefore, the group member info can be maintained in upper layer, and it is natural to let upper layer (e.g. V2X layer) perform identifier assignment to enable option 2. 

Regarding upper layer based identifier assignment solution, details can be discussed by SA2, from AS layer perspective, besides source L2 ID and destination group L2 ID, each member UE’s s own identifier and all identifiers in this group will be provided by upper layer to AS layer, and there is no additional standardized work in RAN2. 

Observation 4: For upper layer based identifier assignment solution, almost no RAN2 impact will be introduced. 
2.2 AS layer based identifier assignment solution

For AS layer based identifier assignment, the following two potential solutions can be considered.
2.2.1 Anchor UE based identifier assignment solution

As mentioned above, from AS perspective, in order to perform identifier assignment, an anchor UE (e.g. Head UE) is needed from AS perspective. Regarding this solution, since the group management is performed in upper layer, inter-layer interaction is necessary, i.e., for anchor UE, upper layer need notify the group member info (e.g. all member UE L2 IDs) to AS layer. 

At AS layer, when the anchor UE obtains group member info, it can associate a unique HARQ related UE identifier with each member UE L2 ID, then sent these identifiers to all member UEs by using unicast PC5-RRC or groupcast PC5-RRC signalling, to achieve this, the anchor UE needs to be visible in AS layer. Moreover, the anchor UE also need to assign a unique identifier for itself. Once each member UE obtains its own HARQ related identifier, it can determine corresponding PSFCH resource and use it to feedback ACK/NACK to the Tx UE, and once it obtains other member UEs’ identifier, it can determine the corresponding PSFCH resource for reception when it acts as the Tx UE.

As the anchor UE is determined by upper layer, from AS layer perspective, we cannot know which UE in the group may be the anchor UE in advance, so that each UE in the group may need to have the capability for HARQ related UE identifier assignment.
Since any member UE in the group can initiate the groupcast data transmission, to alleviate signalling overhead, the assignment of HARQ related UE identifier can be static once the anchor UE assigns this identifier and the there is no group update. 
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Figure 1: Illustration of anchor UE performs HARQ related UE identifier assignment

In addition to anchor UE assigning the UE identifier by itself, to alleviate UE’s complexity, another way can be considered. When the anchor UE is in RRC_CONNECTED state, the UE identifier assignment can be performed by anchor UE’s serving gNB. In this case, the anchor UE can collect the group members’ information and report it to its serving gNB, then the serving gNB will perform UE identifier assignment and send the assignments back to anchor UE, as mentioned above, the anchor UE can forward these identifiers to group members by using unicast PC5-RRC or groupcast PC5-RRC signalling. 

[image: image2.emf]1.Group 

info 

report

An identifier and all 

identifiers in the group 

(e.g. group size)

Anchor UE

2.UE identifier 

assignment

An identifier and all 

identifiers in the group 

(e.g. group size)

An identifier and all 

identifiers in the group 

(e.g. group size)


Figure 2: Illustration of gNB performs HARQ related UE identifier assignment

Observation 5: For anchor UE (e.g. Head UE) based identifier assignment solution, the anchor UE (e.g. Head UE) needs to obtain all member UEs’ L2 IDs and be visible in the AS layer. 
2.2.2 Tx UE based identifier assignment solution

To some extent, Tx UE based identifier assignment solution is derived from anchor UE based identifier assignment solution. For each TX UE, when it initiates the groupcast data transmission, it has to perform identifier assignment and sends them to the Rx UEs, compared with anchor UE based assignment solution, this solution is more dynamic. 
However, this solution needs any two UE in the group to establish unicast connection, which may lead to performance deterioration due to the limited UE capability of maximum connection number. Specifically, if the group size is N, each Tx UE need to establish N-1 unicast connections with each Rx UE, for extreme scene, all member UE can be Tx UE, then N*(N-1) unicast connections are needed. 
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Figure 3: Illustration of Tx UE performs HARQ related UE identifier assignment

Observation 6: For Tx UE based identifier assignment solution, each member UE needs to obtain all member UE L2 IDs, and much signalling overhead will be introduced.

Observation 7: For AS layer based identifier assignment solution, some upper layer Spec efforts are also needed (e.g. upper layer to obtain all member UE L2 IDs in the group).

According to our analysis above, and given the limited time in RAN2, we prefer upper layer based identifier assignment solution. 
Proposal 1: To enable option 2 groupcast HARQ feedback, upper layer based identifier assignment solution is adopted. 

Proposal 2: RAN2 send an LS to SA2 to ask them perform identifier assignment, and deliver its own identifier and all member UEs’ identifiers to AS layer.
If RAN2 decides adopting AS layer based assignment solution, the anchor UE based identifier assignment solution is preferable, since for Tx UE based identifier assignment solution, there are some issues as follows:

· Any Tx UE needs to obtain all the Rx UE L2 IDs, which may be hard to perform (e.g. due to the security problem, it is unreasonable to let any UE to collect all the member UE L2 IDs).

· When the size of group is large, and each member UE can be the Tx UE, the signalling overhead for transmitting the allocated HARQ related identifier is very large. 
Therefore, we have the following proposals:

Proposal 3: If RAN2 decide to apply AS layer based identifier assignment solution, it is proposed to apply anchor UE based identifier assignment solution. To be specific, the anchor UE (e.g. Head UE) needs to send the identifier and all member UE’s identifiers in the group to each member UE. 
Proposal 4: To support anchor UE based identifier assignment solution, the anchor UE (e.g. Head UE) needs to obtain all member UE L2 IDs and be visible in the AS layer. 
3 Conclusion
This contribution discusses HARQ related identifier assignment for Option2 groupcast mechanism. The observation and proposals are as follows:

Observation 1: To support Option 2 groupcast HARQ feedback, unique identifier needs to be assigned to distinguish each RX UE in the group with separated PSFCH resource. 

Observation 2: The unique identifier to distinguish each Rx UE is different from source L2 ID. 

Observation 3: Both its own identifier and identifiers of all member UEs (e.g. group size) need to be assigned to each member UE. 
Observation 4: For upper layer based identifier assignment solution, almost no RAN2 impact will be introduced. 
Observation 5: For anchor UE (e.g. Head UE) based identifier assignment solution, the anchor UE (e.g. Head UE) needs to obtain all member UEs’ L2 IDs and be visible in the AS layer. 
Observation 6: For Tx UE based identifier assignment solution, each member UE needs to obtain all member UE L2 IDs, and much signalling overhead will be introduced.

Observation 7: For AS layer based identifier assignment solution, some upper layer Spec efforts are also needed (e.g. upper layer to obtain all member UE L2 IDs in the group).

Proposal 1: To enable option 2 groupcast HARQ feedback, upper layer based identifier assignment solution is adopted. 

Proposal 2: RAN2 send an LS to SA2 to ask them perform identifier assignment, and deliver its own identifier and all member UEs’ identifiers to AS layer.
Proposal 3: If RAN2 decide to apply AS layer based identifier assignment solution, it is proposed to apply anchor UE based identifier assignment solution. To be specific, the anchor UE (e.g. Head UE) needs to send the identifier and all member UE’s identifiers in the group to each member UE. 
Proposal 4: To support anchor UE based identifier assignment solution, the anchor UE (e.g. Head UE) needs to obtain all member UE L2 IDs and be visible in the AS layer. 
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