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1. Introduction
In RAN1#94, support for unicast, groupcast and broadcast for NR-V2X were discussed. And following agreements were made:
	Agreements:
· Layer-1 destination ID is conveyed via PSCCH.
· FFS how many bits are conveyed.
· FFS details for each of the unicast/groupcast/broadcast cases
· Additional Layer-1 ID(s) is conveyed via PSCCH at least for the purpose of identifying which transmissions can be combined in reception when HARQ feedback is in use. 
· FFS whether this ID can be used for other HARQ feedback related operation.
· FFS other purpose
· FFS how many bits are conveyed.
· FFS details including how to convey the ID(s), e.g., whether the ID(s) is conveyed in the SCI or used for CRC scrambling.
Agreements:
· For unicast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios
· For groupcast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios
· 



In general, there was broad consensus that HARQ feedback and HARQ combining for groupcast and unicast transmissions was essential to improve reliability and for better spectral efficiency. The details of HARQ operation and the associated procedures are FFS and we address some of these details in this contribution. 
2. HARQ Operation for Groupcast Traffic
HARQ feedback and combining procedures need to operate somewhat differently for groupcast and unicast transmissions. For groupcast communications, a group of Rx UEs receive the transmissions and a subset of those intended receivers may not be able to decode the transmission. A procedure to selectively enable retransmissions if at least one intended receiver does not decode the packet is required. 
Additionally, enabling a group of Rx UEs based on range alone is also considered to be essential, i.e, within the group of Rx UEs in a groupcast transmission, there is a subset of UEs defined by a particular range that need to receive the transmissions with a higher reliability. Therefore, HARQ operation is enabled for this subset of UEs to ensure that the stricter performance criteria is met.
Observation 1: For certain advanced use cases, UEs in certain range of a transmitting UEs are required to receive messages more reliably than UEs which are far away from the transmitter as shown in Figure 1.


Figure 1: High Reliability message communication Range

2.1	NACK-Based HARQ Feedback for Groupcast
In case of Groupcast/Multicast there are more than one recipient of the message, so if every receiver UE sends HARQ feedback in terms of ACK, then there will be lot of ACK transmissions, also it will not be possible for the transmitter to identify which UE didn’t receive the transmission. To overcome this issue, in case of Groupcast/Multicast NACK based approach can be utilised. The transmitter retransmit the message if there is a NACK from at least one UE which couldn’t decode the data successfully. As can be seen from Figure 1 that receivers within certain range of the transmitters need to receive the message more reliably hence only those UEs which are in certain range of the transmitter should send the HARQ feedback in terms of NACK. This approach reduces potential UEs which will be sending the NACK and in turn improve the overall system efficiency and reliability of message reception by UEs in the certain communication range.
Proposal 1: NACK based HARQ feedback is supported for groupcast transmissions.
As discussed in the previous section, range back HARQ feedback needs to also be considered as part of the HARQ operation especially for group cast traffic. This aspect has also been discussed in SA2 and captured in TR 23.786.
We show the relevant aspects in the TR below: 
	The new service requirements were captured in TS 22.186 [4]. The new performances KPIs were specified with the following parameters:
-	Payload (Bytes);
-	Transmission rate (Message/Sec);
-	Maximum end-to-end latency (ms);
-	Reliability (%);
-	Data rate (Mbps);
-	Minimum required communication range (meters).
For unicast type of traffic, it is clear that the same QoS Model as that of Uu can be utilized, i.e. each of the unicast link could be treated as a bearer, and QoS flows could be associated with it. All the QoS characteristics defined in 5QI and the additional parameter of data rate could apply. In addition, the Minimum required communication range could be treated as an additional parameter specifically for PC5 use. 



After a detailed study, SA2 found that in addition to the 5QI metrics, minimum communication rage is an important metric to be considered in NR-V2X scenarios. 
In order to enable HARQ combining for range based groupcast traffic, the Rx UEs need to be aware of the distance to the transmitter. In other words, radio layer parameters like path loss, RSSI metrics are not adequate to satisfy the minimum distance criterion due to variations in such measures in a typical radio environment. 
Proposal 2: RAN1 considers mechanisms that inform Rx UEs about the Tx-Rx distance in range-based groupcast traffic
Proposal 3: HARQ operation (HARQ feedback and combining) by UEs that are within a minimum required communication range from the transmitter is supported in NR-V2X.
One way to achieve the distance based NACK feedback is to provide the receiver UE the information about transmitter UE location and the reliable communication range. This information can be part of sidelink control information (SCI) transmitted by the transmitter. However, since location information can be quite large it is not desirable to transmit location information directly in the SCI. For the purpose of compression of location information, we can utilise the Zone ID concept of Rel-14 LTE-V2X. So instead of transmitting raw location information, transmitter UE transmits some bits corresponding to the LSBs of the Zone ID. Based on this information, the information of range present in the SCI, and receiver UE’s own Zone ID, receiver UE can determine to transmit NACK feedback or not if it was not able to successfully decode the transmission. 
Proposal 4: NR-V2X supports the transmission of a portion of Zone ID through the control channel to indicate information about range to Rx UEs.

3. HARQ Combining and L1 IDs 
As part of the SA2 study, groupcast communication in NR-V2X was discussed and agreements were made regarding the availability of IDs in L2. The relevant agreements are shown below: 
	This solution follows the below principles when NR PC5 is the selected RAT:
-	V2X Layer informs the Access Stratum (AS) Layer of the Destination L2 ID and Source L2 ID for the group communication transmission, based on group identifier provided by Application Layer;
-	V2X Layer informs the Access Stratum Layer of the communication type, and QoS parameters (including 5QI and Range) for the group communication traffic;
-	V2X Layer informs the Access Stratum Layer of the Destination L2 ID for the group communication reception;
-	When V2X Layer receives no group information from Application Layer, it should use then use the configured mapping, e.g. derive destination L2 ID and QoS parameters (e.g. 5QI and Range) based on PSID/ITS-AID mapping, and use that for the operation;
-	V2X Layer coverts the Group Identifier provided by Application Layer into the Destination L2 ID, using a mechanism defined by stage 3.           



From the agreements made, it’s clear that for unicast and groupcast communications, the destination and source L2 IDs are provided to the Tx UE. RAN1 has already agreed that L1 destination IDs are indicated through the PSCCH channel. Therefore, it is straightforward to derive the L1 destination IDs from the L2 IDs by selecting a fixed number of LSBs of the L2 IDs similar to the procedure defined in R12/13. 
Proposal 5: Layer-1 destination ID is derived from L2 destination ID by selecting a fixed number of LSBs
3.1 HARQ Combining
NR-V2X allows for a diverse range of applications to be enabled for vehicular communications. These applications could result in packet arrivals in an aperiodic fashion. It is likely that different applications and data flows necessitate the use of different HARQ processes for communication. In order to combine across transmissions for different HARQ processed the Rx UE needs to have knowledge of the HARQ process ID and also whether the transmission is part of retransmission sequence or a new transmission.  These are required regardless of whether the traffic is unicast or groupcast.
Proposal 6: HARQ Process ID and NDI are included as part of PSCCH to enable HARQ combining. 
In addition to the process ID and NDI, the Rx UE needs to know which time/frequency resources need to be combined. Consider a scenario where a data packet has been re-transmitted twice but the 1st retransmission has failed both control and data decoding attempts. Figure 2 illustrates this scenario.

[image: ]
Figure 2: Illustration of control and data decoding failures in the 1st retransmission

In Figure 2, if the control channel is received for the initial transmission as well as the 2nd retransmission, then the Rx UE can combine the corresponding data and improve data decoding performance significantly. This can be enabled by including the Source ID as part of the PSCCH. The Rx UE can combine transmissions with the same Source ID and HARQ process ID. 
As described above, SA2 has determined that the L2 Source ID would also be indicated to the access layer. Therefore, it is straightforward to derive the L1 Source ID from the L2 Source ID by select a fixed number of LBSs of the Source ID. The mechanism by which the Layer-1 destination ID and the source ID are encoded together is FFS.
Proposal 7: Layer-1 Source ID is included as part of PSCCH to enable HARQ combining. Layer-1 Source ID is derived from the L2 Source ID by selecting a fixed number of LSBs
In addition to the above, HARQ combining across all 3 transmissions shown in Figure 2 can be enabled if the time/frequency resources of the previous transmission were also included as part of the control information in PSCCH. In this case, the specific time index in terms of TTIs of a reference TTI of the previous transmission would be indicated along with the location of a reference sub-channel. However, it is unclear if this approach would indeed provide sufficient gains to just the cost of the additional control channel overhead. For a 20MHz channel with 60KHz subcarrier spacing and a subchannel size of 5MHz, along with 16 HARQ processes enabled, the required number of additional bits in PSCCH would be 7bits. Such high overhead should warrant significant gains in performance to justify this approach.
Proposal 8: RAN1 considers further whether time/frequencies resources of the previous transmission are indicated through PSCCH.
4. HARQ Operation for Unicast Traffic 
In case of unicast, UEs would be required to exchange connection establishment messages to set-up the connection. As part of connection setup UEs would be able to negotiate HARQ feedback parameters. However, in case of unicast since there is only one to one communication, similar to NR Uu HARQ feedback can be based on ACK/NACK.
Proposal 9: ACK/NACK based HARQ feedback for unicast is supported in NR-V2x.
Additional types of feedback like CQI, RI, PMI are also possible in the case of unicast transmission since there’s a single link between the UEs. Such types of feedback could improve performance through link adaptation while also allowing for efficient and reliable communication. This does impose a constraint that such types of feedback be used for packet arrivals that are close together in time to ensure the channel characteristics remain the same. For packer arrivals that are further apart (~100ms) , CQI feedback is not considered to be very beneficial.
In general, support for feedback supporting link adaptation mechanisms need to be justified by sufficient gains in a variety of typical scenarios. 
Proposal 10: RAN1 considers whether additional feedback (CQI, RI, PMI) have sufficient performance benefits to warrant support in NR-V2X.
For both unicast and groupcast traffic, a trade-off exists in enabling HARQ operation. Re-transmissions do allow for combining gains resulting in improved decoding performance. However, this comes at a cost of higher interference in the system overall due to additional transmissions and also the cost of half duplex for the transmit UE since the UE would not be able to decode any traffic during its transmissions. 
It is considered that in heavily congested scenarios, enabling HARQ operation not only result in diminishing returns but also cause losses in some cases. Therefore, it is essential to specify a mechanism to disable HARQ when channel congestion rises beyond a threshold. The threshold would be pre-configured and channel congestion may be evaluated using a metric similar to CBR as defined in Rel 14/15. 
Proposal 11: Introduce support for a mechanism to disable HARQ operation for both groupcast and unicast traffic if the channel congestion exceeds a predefined threshold.

5. Conclusion
In this contribution, procedures governing HARQ operation, HARQ combining and feedback were discussed for groupcast and unicast traffic. The following is proposed:
Proposal 1: NACK based HARQ feedback is supported for groupcast transmissions.
Proposal 2: RAN1 considers mechanisms that inform Rx UEs about the Tx-Rx distance in range-based groupcast traffic.
Proposal 3: HARQ operation (HARQ feedback and combining) by UEs that are within a minimum required communication range from the transmitter is supported in NR-V2X.
Proposal 4: NR-V2X supports the transmission of a portion of Zone ID through the control channel to indicate information about range to Rx UEs.
Proposal 5: Layer-1 destination ID is derived from L2 destination ID by selecting a fixed number of LSBs
Proposal 6: HARQ Process ID and NDI are included as part of PSCCH to enable HARQ combining. 
Proposal 7: Layer-1 Source ID is included as part of PSCCH to enable HARQ combining. Layer-1 Source ID is derived from the L2 Source ID by selecting a fixed number of LSBs
Proposal 8: RAN1 considers further whether time/frequencies resources of the previous transmission are indicated through PSCCH.
Proposal 9: ACK/NACK based HARQ feedback for unicast is supported in NR-V2x.
Proposal 10: RAN1 considers whether additional feedback (CQI, Ri, PMI) have sufficient performance benefits to warrant support in NR-V2X.
Proposal 11: Introduce support for a mechanism to disable HARQ operation for both groupcast and unicast traffic if the channel congestion exceeds a predefined threshold.
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