Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk512852793]3GPP TSG-RAN WG2 #107	 TDoc R2-1910299
Prague, Czech, 26th – 30th August 2019

Agenda Item:	11.4.2
Source:	Ericsson
Title:	Coordination for HARQ feedback in groupcast
Document for:	Discussion, Decision

[bookmark: _Ref466049030]Introduction
[bookmark: _Ref458784108][bookmark: _Ref458381469]The study of the unicast and groupcast sidelink V2X communications is included in the WID [1]. Besides, in RAN1#96bis the following agreements related to groupcast HARQ feedback were made. 
	Agreements:
· Confirm the following working assumption:
· Working assumption:
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
· Note: RAN1 has not concluded the respective applicability of option 1 vs. option 2 yet

Agreements: 
· In HARQ feedback for groupcast,
· When Option 1 is used for a groupcast transmission, it is supported 
· all the receiver UEs share a PSFCH
· FFS: a subset of the receiver UEs share a PSFCH
· FFS: all or a subset of receiver UEs share a pool of PSFCH.
· When Option 2 is used for a groupcast transmission, it is supported 
· each receiver UE uses a separate PSFCH for HARQ ACK/NACK.
· FFS: all or a subset of receiver UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission
· FFS on which entity and how to allocate PSFCH resource to the receiver UE(s)
· FFS whether or not to additionally support a mixture of option 1 and option 2 for a groupcast transmission 




In RAN1#97, the following regarding PSFCH allocation has been further agreed.
	Agreements:
· At least for the case when the PSFCH in a slot is in response to a single PSSCH:
· Implicit mechanism is used to determine at least frequency and/or code domain resource of PSFCH, within a configured resource pool. At least the following parameters are used in the implicit mechanism:
· Slot index (FFS details) associated with PSCCH/PSSCH/PSFCH
· Sub-channel(s) (FFS details) associated with PSCCH/PSSCH
· Identifier (FFS details) to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback
· FFS detailed applicability of the above parameters 
· FFS: Other parameters (e.g. SL-RSRP/SINR, Layer-1 source ID, location information, etc.)



In RAN2 #106 the following was agreed:

	
In order to support Option1, no additional AS layer co-ordination or signalling for HARQ feedback resource allocation within the group is required. 





In general, the design of HARQ feedbacks affects the physical layer design, but also the L2 protocols. In this paper, we further discuss some open questions on how to configure PSFCH resources for option 1 and option2 HARQ feedback. 

[bookmark: _Ref489281230]Discussion
[bookmark: _Toc4541717][bookmark: _Toc7391386][bookmark: _Toc7682473]The response from RAN2[2] to RAN1 LS on HARQ feedback for groupcast option 1 and option 2 mentions the following
	RAN2 assumes that no additional AS layer co-ordination or signalling for HARQ feedback resource allocation within the group is required for Option 1 in the operation agreed in the RAN1 LS. Hence, RAN2 thinks that Option 1 has only a minor impact from RAN2 perspective. However, RAN2 thinks that Option 2 has some impacts from RAN2 perspective. 
As for Option 2, some companies think that a UE would be aware of each of the other UEs in the group and provide separate PSFCH resources using AS layer signaling which can bring signaling overhead. Hence, RAN2 would like to request RAN1 to respond to the following questions in order to clearly understand how Option 2 should be supported:
Question: Does RAN1 assume the UE needs to be aware of each of the other UEs in the group for support of Option 2?



[bookmark: _Toc7391388][bookmark: _Toc7682475]Since it has been agreed to let each receiver UE use a separate PSFCH for HARQ ACK/NACK for option 2, we need to further study how to distinguish each RX UE in a group. In the meanwhile, we notice that it has been agreed that RX UE will use implicit mechanism to determine frequency and/or code domain resource of PSFCH. This implies explicit interaction or PSFCH resource allocation is not necessary. More details on the implicit allocation of PSFCH resources can be found in the RAN 1 contribution on HARQ procedures [3]. Besides, with limited PSFCH resource but possibly unlimited number of RX UEs, it is impossible to guarantee zero collision and it will introduce extra signalling for UE ID exchange and PSFCH resource assigning. In our view, the benefit of letting TX UE know RX UE ID is not clear. RAN2 will rely on RAN1’s decision on the UE id awareness question put forth in the previous RAN2 response [2] to RAN1 LS.  

[bookmark: _Toc16773207]RX UE can adopt algorithm selecting PSFCH resource implicitly taking into account its RX UE ID to avoid collision via randomness. 
[bookmark: _Toc16773208]For groupcast HARQ, the benefit of letting TX UE know RX UE ID(s) is not clear.

Considering RX UE itself can select PSFCH resources using its ID as input to avoid collision per randomness, letting a subset of RX UEs share a PSFCH as described in Proposal 1 and Proposal 2 can further reduce collisions.
From RAN1#96bis, there are some FFS points on how groupcast receivers share PSFCH for both option 1 and option 2. We think it can be beneficial that a subset of UEs share one PSFCH resource for ACK/NACK. Selection of the subset depends on their locations, i.e., their respective Tx-Rx distances. For example, in Figure 2, the UEs belonging to Range d1 send NACK on PSFCH resource 1; the UEs belong to Range d2 send NACK on PSFCH resource 2; the UEs belong to Range d3 send NACK on PSFCH resource 3. This functionality can be particularly useful for outer-loop link adaptation of SL groupcast.
[bookmark: _Toc7391389][bookmark: _Toc7682476][image: ]
Figure 1. A subset of Rx UEs share one PSFCH resource, where the subset selection depends on Rx UEs’ locations
[bookmark: _Toc7391374][bookmark: _Toc7682447][bookmark: _Toc7724848][bookmark: _Toc16773209]For some scenarios, it can be beneficial to divide groupcast Rx UEs into subsets depending on their distances to the Tx UE. The different subsets use different PSFCH resources for sending HARQ feedbacks.
As analysed above, it is useful to support a subset of receiver UEs share a PSFCH for both option 1 and option 2. It can be that, either only the subset of UEs send HARQ feedback, or more than one subset of UEs transmit HARQ feedback on different PSFCH resources.
In particular, for option 2, when there are larger number of receivers in a group, the consumed PSFCH resources will be too much if each receiver UE uses a separate PSFCH for HARQ ACK/NACK. It will degrade the performance of the whole system. Note that the PSFCH resources need to be shared by all the UEs in the system. Therefore, in this case, we should limit ACK and NACK feedbacks to a set of specific resources. For instance, one PSFCH resource is used for all the ACK transmissions and another PSFCH resource is used for all the NACK transmissions.

[bookmark: _Toc16773219]For groupcast option 1, support that a subset of the receiver UEs share a PSFCH. 
[bookmark: _Toc16773220]For groupcast option 2, support that all or a subset of receiver UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission.

[bookmark: _Toc7682677][bookmark: _Toc7724829][bookmark: _Toc4541719][bookmark: _Toc7682678][bookmark: _Toc7724830][bookmark: _Toc7682679][bookmark: _Toc7724831][bookmark: _Toc7682680][bookmark: _Toc7724832][bookmark: _Toc458380516][bookmark: _Toc458380524][bookmark: _In-sequence_SDU_delivery]Conclusion
In section 2 we made the following observations:
Observation 1	RX UE can adopt algorithm selecting PSFCH resource implicitly taking into account its RX UE ID to avoid collision via randomness.
Observation 2  For groupcast HARQ, the benefit of letting TX UE know RX UE ID(s) is not clear.
Observation 3	For some scenarios, it can be beneficial to divide groupcast Rx UEs into subsets depending on their distances to the Tx UE. The different subsets use different PSFCH resources for sending HARQ feedbacks.

Based on the discussion in the previous sections we propose the following:
Proposal 1        For groupcast option 1, support that a subset of the receiver UEs share a PSFCH.
Proposal 2	For groupcast option 2, support that all or a subset of receiver UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission.
[bookmark: _Hlk535238527]
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