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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 RAN1-AH-1901 several aspects were discussed regarding the HARQ feedback for unicast and groupcast. RAN1 agreed to the following related to groupcast:
· Layer-1 destination ID can be explicitly included in SCI

· FFS how to determine Layer-1 destination ID

· FFS size of Layer-1 destination ID

· The following additional information can be included in SCI

· Layer-1 source ID

· FFS how to determine Layer-1 source ID

· FFS size of Layer-1 source ID

· HARQ process ID

· NDI

· RV

· FFS whether some of the above information may not be present etc. in some operations (e.g., depending on whether they are used for unicast, groupcast, broadcast)

· For determining the resource of PSFCH containing HARQ feedback, support that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH at least for modes 2(a)(c)(d) (if respectively supported) 
· FFS whether or not to additionally support other mechanism(s) for modes 2(a)(c)(d)

· FFS for mode 1

In addition to the above agreements, RAN1 made the following 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

· FFS applicability of option 1 and option 2 – this part is particularly relevant to confirm (or not) the working assumption
In this contribution, we will discuss the physical layer issues related to the support of sidelink Groupcast.
2 Discussion
2.1 NACK-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 which is presented as option 2 in as part of the working assumption made in RAN1-AH-1901. Depending on the scenario for Groupcast, the number of UEs receiving the Groupcast transmissions may be large and unknown to the data transmitting UE. Therefore, it would be helpful to the data transmitting UE if the receiving UEs in the Groupcast only send NACK to avoid a large number of ACK transmissions. This way the data transmitting UE will only retransmit if at least one NACK is received. If ACK feedback is supported then multiple individual UE-specific resources have to be allocated which increases the overhead significantly if the number of UEs is greater than 2. 
Proposal 1: 
NR V2X supports option 1 when only NACK is sent to support Groupcast with feedback to reduce the overhead.
2.2 V2X Sidelink Groupcast 
In our previous contribution [2] we proposed using dedicated Discovery messages to determine the presence of the neighbouring UEs. According to the above RAN1 agreement, the transmitting UE transmits both the destination ID and the source ID which is included in the SCI; therefore, a UE does not require transmitting a specific discovery message. Instead the UE periodically transmits no data but only the SCI that includes only the source ID to make aware of its presence to the neighbouring UEs. It may be assumed the above periodic “SCI only” transmission is always sent using a fixed transmit power and MCS. This type of transmissions can be handled by specifying a specific PSCCH SCI format. 

This mechanism is depicted in Figure 1. When the neighbouring UEs receive the “SCI only” transmission, it can determine whether the source UE should be considered as its neighbour based on a configurable threshold for decoding the transmission. In essence, this determines the expected communication range for the data channel and it allows each UE to form its own neighbour list from neighbouring UEs 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. As an example in Figure 1, vehicle A has vehicles B and C in its neighbour list after receiving their respective “SCI only” transmissions. Similarly, vehicles B and C have vehicles in their respective neighbour lists. Therefore, when the vehicle C is unable to decode the Groupcast transmission from vehicle A it decides to transmits a NACK if vehicle A is in the neighbour list of vehicle C. After receiving the NACK, vehicle A may decide to adjust the MCS and/or transmit power prior to HARQ retransmission.  

The periodic transmissions provide a much more reliable solution to handle the groupcast feedback reception at the data transmitting UE. The above method also has an advantage that the receiving UEs will not need to track their positions, zone ID, etc. relative to the transmitting UEs, resulting in reduced UE complexity. In contrast, the Tx-Rx distanced based NACK mechanism [3] has increased UE complexity and does not work in scenarios when the nearby blocked UE (e.g., in coverage holes) is unable to decode the Groupcast data in spite of the retransmissions. In [4] it is suggested groupcast communication needs to be supported for both with and without established connection. It is obvious the above method works well for the case when the group UEs have established connection. The periodic presence transmission method also works for the connection-less scenario because the receiver UEs simply decodes the “SCI-only” transmission from a UE yet not in the neighbour list with a configurable RSRP-threshold, adds it into the list and then decides if it will transmit HARQ feedback.         
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Figure 1: Vehicle A, B and C broadcasting periodic “SCI-only” presence transmissions to support Groupcast
Proposal 2: 
RAN1 should consider a SCI format to support periodic presence transmissions for the Groupcast to help the receiving UEs in deciding whether a NACK should be transmitted. 
Proposal 3: 
RAN1 should consider HARQ-NACK feedback restriction based on configurable RSRP-threshold.

2.3 Flexible SL Slot design to support HARQ feedback
There are two options for transmitting the HARQ feedback using the PSFCH. First option is to transmit PSFCH at the beginning of the slot. In this case due to the half-duplex constraint the HARQ feedback transmitting UEs will not decode the SCI from other UEs since SCI carrying PSCCH is transmitted at the beginning of the slot as well. 

The second option is to transmit the PSFCH at the end of the slot. It can be assumed the HARQ feedback is present at the end of the slot providing a universal design for unicast, groupcast and broadcast. This design is same as the NR Rel-15 slot-format structure allowing the UEs to reuse the receiver design used for receiving the cellular downlink. Further, as shown in figure 2 below, this design allows the network to have the flexibility of not assigning any symbols within the slot when HARQ feedback is disabled or when the UEs perform broadcast transmissions (fig.2, SL slot config. 1). In another configuration the receiver UEs could assume HARQ feedback resources at the end of every slot (fig.2, SL slot config. 2). However, having HARQ feedback resources in every slot has higher control signalling overhead when the QoS required is not so stringent. In order to achieve higher efficiency the network could set the HARQ feedback resources with different periodicities, for example, every other slot (fig.2, SL slot config. 3). Note the same SL slot configuration can be set for all SL resources or each configuration could be assigned to different SL resource pools serving different QoS requirements.
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Figure 2: SL Slot Configurations to support broadcast, unicast, groupcast transmissions.
Proposal 5: HARQ feedback is transmitted at the end of the slot.
Proposal 5: SL resources are not assigned to PSFCH when the HARQ feedback is not required.
Proposal 6: SL resources assigned to PSFCH with different periodicities (e.g., every slot and every other slot) that could be assigned to different resource pools.

3 Conclusion

In this contribution, we discussed the mechanisms needed to support Groupcast feedback and we have the following proposals.
Proposal 1: 
NR V2X supports option 1 when only NACK is sent to support Groupcast with feedback to reduce the overhead.. 

Proposal 2: 
RAN1 should consider periodic presence transmissions for the Groupcast transmissions to help the receiving UEs in deciding whether a NACK should be transmitted.   
Proposal 3: 
RAN1 should consider HARQ-NACK feedback restriction based on configurable RSRP-threshold.

Proposal 4: 
PSFCH is transmitted at the end of the slot.

Proposal 5: 
SL resources are not assigned to PSFCH when the HARQ feedback is not required.

Proposal 6: 
SL resources assigned to PSFCH with different periodicities (e.g., every slot or every other slot) that could be assigned to different resource pools.
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