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1 Introduction

One of the objectives of the NR V2X study item [1] is to address technical solutions for NR sidelink design to meet the advanced V2X services including the following:

· Study the support of sidelink Unicast, sidelink Groupcast and sidelink broadcast.
In this contribution, we will discuss the issue related to the support of sidelink Groupcast.
2 Discussion
Based on the discussions in RAN1#94, RAN1 reached the following agreements:

· RAN1 to study the following topics for the SL enhancement for unicast and/or groupcast. Other topics are not precluded.

· HARQ feedback

· CSI acquisition

· Open loop and/or closed-loop power control

· Link adaptation

· Multi-antenna transmission scheme

Since RAN1 is likely to support HARQ feedback for Groupcast and RAN2 is also tasked by the plenary to consider technical solution for Groupcast [1], we should also consider what type of feedback is needed and which UEs should provide the HARQ feedback. These issues are addressed in the remaining sections.

The scenario is also similar to SC-PTM whereby UL feedback was discussed in the study and the performance results showed that SC-PTM with UL feedback provides better spectral efficiency than unicast if the service needs to be delivered to two or more UEs per cell [2].
2.1 HARQ feedback for Groupcast
As part of the decision to support HARQ feedback, it should be considered whether the receiving UEs should provide both ACK and NACK feedbacks.  Depending on the scenario for Groupcast, the number of UEs receiving the Groupcast transmissions may be large and unknown to the transmitting UE. Therefore, it would for the transmitting UE if the receiving UEs in the Groupcast only send NACK. This way the transmitting UE will only retransmit if at least one NACK is received. 
Proposal 1: 
RAN2 should study the case when only NACK is sent to support Groupcast with feedback to reduce UE complexity.
2.2 V2X Sidelink Discovery and Groupcast feedback
For NR V2X it should be considered whether a dedicated Discovery Channel should be adopted for sidelink discovery similar to Rel-13 D2D.  Based on SA2’s Solution#11 in [3], sidelink discovery could be used for service announcement as part of the enhanced layer 2 link establishment procedure. 

Proposal 2: 
NR V2X Sidelink Discovery Channel should be supported.
In addition to layer 2 link establishment, we think sidelink discovery message may serve other useful functions esp. in support of Groupcast feedback.  As alluded to above, it is expected that if any of the receivers experience a channel conditions worse than expected, then only those devices should immediately inform the Groupcast transmitting device by sending a feedback, i.e., NACK.  Typically, for unicast feedback, if the receiving UE can only decode the control channel but not the data channel of the unicast transmission, the receiving UE would send a NACK.  However in the Groupcast scenario, the situation is more complicated since the transmitting UE is choosing the MCS and the transmit power (assuming the power-controlled transmissions) of the data channel to accommodate one destination UE, but for all the UEs in a group. If the transmitting UE were to support the UE with the worst radio link in the group the resulting data throughput may be unacceptable from a QoS perspective. And as one of the requirement from SA1, it is stated in [4] that:

[R.5.1-001] The 3GPP system shall be able to control the communication range for a message based on the characteristic of the messages transmitted by a UE supporting V2X application.

Therefore, the Groupcast transmission should be applicable only to a certain communication range which is also suggested in [5]. 
Proposal 3: 
Groupcast transmission should be applicable only to a certain communication range. 
Assuming Proposal 3 is agreeable, it would be reasonable to assume that only UEs within this communication range needs to send NACK if Groupcast feedback is supported.  

Proposal 4: 
Only UEs within the communication range needs to send NACK to the transmitting UE if Groupcast feedback is supported. 
Rather than just sending the layer 2 establishment message only as part of Model A or Model B announcement, the layer 2 discovery messages may be enhanced to support Groupcast based on communication range.  We considered 3 usages for the enhanced discovery messages:

1. The enhanced discovery message may be used to form a neighbour list for deciding when to send NACK.

2. The enhanced discovery message may be used to indicate establishment of Groupcast service.

3. The enhanced discovery message may be used to indicate reservation of resource for Groupcast transmissions.

For the first usage, we assume that the UEs would transmit the discovery message periodically and include its own source ID in the message.  It may be further assumed that the periodic discovery message is always send using a fixed power and MCS. When the neighbouring UEs receive this discovery message, it can determine whether the source UE should be considered as its neighbour based on a configurable threshold for decoding the discovery message. In essence, this determines the expected communication range for the data channel and it allows each UE to form its own neighbor list from neighbouring UEs discovery message transmissions which may be updated periodically.  The primary objective for keeping such a neighbour list is to determine whether to send a NACK for Groupcast transmissions.  If the transmitting UE is in the neighbour UEs neighbour list then the neighbour UE shall send a NACK if it cannot decode the data channel of the Groupcast transmission.  And if the UE can decode the control channel but not the data channel of the Groupcast transmission from a neighbouring UE that is not in the UE’s neighbour list then it will not send a NACK. With this enhancement, neighbouring UEs do not need to track their positions (zone ID, etc.) relative to the transmitting UEs resulting in significant reduction in complexity.
With the second usage, it may be assume that if a UE wants to establish a Groupcast service it would a send service request in one of these periodic discovery time slots as part of the discovery message and the UE may include either the destination IDs or Group ID in the message. This allows other UEs to check only in the periodic time slots whether any Groupcast session is about to start.
With the third usage, a reservation signal may also be included in the periodic discovery messages if the UE plans to reserve a resource for the upcoming data transmission. This allows neighbouring UEs a more predictable way to determine whether another UE is using a certain Mode 2 resource.  These mechanisms are depicted in Figure 1.
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Figure 1: Time chart with Vehicle A, B and C broadcasting periodic Discovery Channel

Proposal 5: 
Capture in the TR the enhancement for discovery message to support Groupcast feedback based on communication range. 
3 Conclusion

In this contribution, we discussed the mechanisms needed to support Groupcast feedback and we have the following proposals.
Proposal 1: 
RAN2 should study the case when only NACK is sent to support Groupcast with feedback to reduce UE complexity.
Proposal 2: 
NR V2X Sidelink Discovery Channel should be supported.
Proposal 3: 
Groupcast transmission should be applicable only to a certain communication range. 
Proposal 4: 
Only UEs within the communication range needs to send NACK to the transmitting UE if Groupcast feedback is supported. 
Proposal 5: 
Capture in the TR the enhancement for discovery message to support Groupcast feedback based on communication range. 
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