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1. Introduction
In RAN1#94, support for unicast, groupcast and broadcast for NR-V2X were discussed. In RAN1#95 following agreements were made for feedback:
	Agreements:
· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.

Agreements:
· When SL HARQ feedback is enabled for unicast, the following operation is supported for the non-CBG case:
· Receiver UE generates HARQ-ACK if it successfully decodes the corresponding TB. It generates HARQ-NACK if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE.
· FFS whether to support SL HARQ feedback per CBG
Agreements:
· When SL HARQ feedback is enabled for groupcast, the following operations are further studied for the non-CBG case:
· 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. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-NACK transmission
· Whether/how to handle DTX issue (i.e., transmitter UE cannot recognize the case that a receiver UE misses PSCCH scheduling PSSCH)
· Issues when multiple receiver UEs transmit HARQ-NACK on the same resource
· How to determine the presence of HARQ-NACK transmissions from receiver UEs
· Whether/how to handle destructive channel sum effect of HARQ-NACK transmissions from multiple receiver UEs if the same signal is used
· 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. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-ACK/NACK transmission
· How to determine the PSFCH resource used by each receiver UE
· FFS whether to support SL HARQ feedback per CBG
· Other options are not precluded
Agreements:
· It is supported to enable and disable SL HARQ feedback in unicast and groupcast.
· FFS when HARQ feedback is enabled and disabled.
· 



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
SA2 concluded (in TR 23.786) that following procedure will be used for groupcast communication:
	[bookmark: _Toc531774369]6.21.1.2	Solution description
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 for the group communication transmission, based on group identifier provided by Application Layer;
-	V2X Layer informs the Access Stratum (AS) Layer of the Source L2 ID (self-assigned by the UE) for the group communication transmission;
-	V2X Layer informs the Access Stratum Layer of the communication type, and QoS parameters (including 5QI) and Range for the group communication traffic;
NOTE 1:	Range may also be provided to AS Layer for the dynamic group communication operations, depending on RAN decisions.
-	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 then use the default mapping, e.g. derive destination L2 ID and QoS parameters (e.g. VQI) and Range based on PSID/ITS-AID mapping, and use those 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.
NOTE 2:	Different Destination L2 IDs may be used for different QoS levels.
NOTE 3:	Stage 3 needs to standardize the mechanism to be used by both transmitting and receiving UE, e.g. a specific hash function.



As per SA2, there can be two types of group. One type is when application forms the group and informs Group ID to V2X layer. In second type which is dynamic group formation is the case when application doesn’t provide group ID to V2X layer. However, V2X layer utilises Application ID and Group ID mapping and pass it to AS layer along with 5QI and range parameter for dynamic group formation.
Observation 1: SA2 concluded two types of group communication:
Type 1: Application forms the group and informs Group ID to V2X layer. V2X layer provides Group ID, 5QI and range parameters to AS layer for meeting QoS in the given communication range.
Type 2: Application doesn’t provide group ID to V2X layer. However, V2X layer utilises Application ID and Group ID mapping and pass it to AS layer along with 5QI and range parameter for dynamic group formation.
As per the SA2 study, along with 5QI, communication range is also an important aspect of NR-V2X communications. We believe, this aspect of communication range is related to the fact that for any advance use case e.g. automated driving, sensor sharing, platooning, it is required for UEs within certain range from the transmitter to be able to receive the messages with much higher reliability level. Beyond that range higher reliability levels are not critical as UEs are far away from each other. Communication range based groupcast is also known as dynamic groupcast (session less) communications.
Observation 2: For all advance 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.
Observation 3: Minimum communication range based groupcast also known as dynamic groupcast (session less) communications can get benefitted from HARQ feedback to achieve higher reliability.


Figure 1: High Reliability message communication Range
2.1.1 HARQ Feedback for Groupcast/Multicast
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. 
Proposal 1: In case of Groupcast only NACK based HARQ feedback (i.e. Option 1 as agreed in RAN1 #95) is supported.
There are few FFS for Option 1 (i.e. NACK based Groupcast):
	· Whether to introduce an additional criterion in deciding HARQ-NACK transmission



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 2: Minimum required communication range (as defined by higher layers) is agreed to be used in case HARQ feedback for dynamic groupcast (session less) communication.
Proposal 3: Study how to allow only those UEs to send HARQ feedback in terms of NACK which are in certain required communication range from a transmitter.
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 good to transmit location information in raw format 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 few LSBs of 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: Support the Rel-14 LTE-V2X Zone ID concept to put UE location information in the SCI to assist distance based NACK feedback.
	· Whether/how to handle DTX issue (i.e., transmitter UE cannot recognize the case that a receiver UE misses PSCCH scheduling PSSCH)



It is possible that some UEs might miss to even decode PSCCH and doesn’t send NACK (i.e. DTX). However, this UE can also get benefitted from the fact that there can be some other UE in the group who has at least received PSCCH and will cause the retransmission of packet by transmitted NACK feedback. Hence in general we don’t have to over optimise the case for DTX.
Proposal 5: No need to over optimise the system for the case of DTX as UEs can always get benefitted by retransmissions cause by NACK feedback from some other UE in the group.
	· Issues when multiple receiver UEs transmit HARQ-NACK on the same resource
· How to determine the presence of HARQ-NACK transmissions from receiver UEs
· Whether/how to handle destructive channel sum effect of HARQ-NACK transmissions from multiple receiver UEs if the same signal is used



When multiple UEs transmit NACK in SFN manner then there is possibility of destructive channel sum effect. However, for destructive channel sum to occur the phase difference need to be Pi. In practical deployment situation and considering very dynamic environment due to vehicle mobility, probability of phase difference to be exactly Pi will be quite low. Hence no need to consider the aspect of destructive channel sum effect due to transmission of NACK from multiple UEs.
Proposal 6: No need to handle destructive channel sum effect of HARQ-NACK transmission from multiple UEs.
In case of NACK from multiple UEs, there is no need to distinguish the NACK from different UEs. As long as there is NACK from multiple UEs in the same resource from the same groupcast it is sufficient. In case of NACK for different groupcast (i.e. different transmissions) different sequences or FDM mechanism for NACK transmission can be used. The detailed mechanism of NACK transmission is described below:
2.1.2	Design details for transmission of HARQ-feedback
There are few design principles that needs to be considered for HARQ-Feedback:
1. HARQ-feedback can be transmitted only after certain amount of time to allow processing time required for decoding of transmission and preparation of PSFCH.
2. Few RBs in one symbol is sufficient to carry HARQ feedback. HARQ feedback can be similar to PUCCH format 0.
3. When UE transmits HARQ feedback one symbol before and one symbol after the HARQ symbol is required for Rx to Tx and Tx to Rx turn around.
4. When HARQ feedback is transmitted AGC settling time needs to be considered. In case of 60KHz SCS what it means is that one additional symbol will be required for AGC.
5. Transmission of HARQ feedback introduces additional SINR variation points in the system; hence DMRS locations for the data should be such that DMRS are protected from SINR variations.
6. Considering the overhead associated with Rx to Tx and Tx to Rx turnaround it is better to have system wide (i.e. in complete BW) resources for HARQ feedback. These feedback resources appear periodically as per the configuration. 
a. During these HARQ feedback resources (symbols) other transmitters create gap in their transmissions.
b. To make system wide HARQ feedback simpler, transmissions can start only in the two slot system boundary. Slots can be aggregated hence the transmission can complete just before upcoming systemwide HARQ feedback resources (in case even number of slots are aggregated) or the transmission can complete one slot before the upcoming HARQ feedback resources (in case of odd number of slots are aggregated). HARQ feedback will be transmitted in the RBs depending on where transmission was completed.
7. To allow distinction of HARQ feedback for different transmission FDM approach can be adopted which ensures that there is deterministic relationship between transmission and corresponding HARQ feedback.
Considering all the design principles mentioned above system wide HARQ feedback resources, DMRS location for data are shown in the figure below for 60 KHz SCS with HARQ resource periodicity of 2 slots.


Figure 2: HARQ feedback in case transmission was Even number of aggregated slots



Figure 3: HARQ feedback in case transmission was Odd number of aggregated slots






2.1.3	Simulation Results
The performance of the NACK based scheme described in the previous section is shown below in Figures 4, 5 and 6 for Groupcast transmissions. The corresponding simulation assumptions are shown in Table 1.
Table 1: Simulation Assumptions
	Parameter
	Groupcast

	Sidelink Frequency
	6GHz

	Traffic models
	Aperiodic traffic: Medium Intensity
Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
Packet size: Uniformly distributed between [200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800, 2000] bytes
Latency requirement: 50 ms

	Simulation Environment
	Highway

	UE Drop and Mobility
	Highway: Option A (140Kmph)

	NACK Design
	System wide NAK with periodicity of 2 slots

	NACK Distance
	320m, 500m

	NACK Decoding
	Practical, sequence based detection

	Number of Tx/Rx Antenna elements
	2Tx/4Rx

	Antenna Models
	Option 1

	Channel Model
	SCM LOS, NLOSv

	SL Simulation BW
	20MHz

	Pathloss, shadowing, blocking and dual mobility models
	Enabled (as per TR 37.885)



	[image: ]Figure 4: PRR for groupcast with and without NACK; NACK distance = 320m, 500m
	[image: ] Figure 5: PIR for groupcast with and without NACK; NACK distance = 320m, 500m
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Figure 6: Latency for groupcast with and without NACK; NACK distance = 320m, 500m
It can be seen from Figures 4 and 5 that there are substantial gains in enabling NACK based feedback. Note that the performance for a certain distance can be guaranteed if the NACK is enabled for a particular distance. This mechanism can achieve reliability targets for groupcast communication enabled for a particular range. This also improves channel reuse as UEs beyond a certain range so not have to receive the packet. 
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 7: 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 8: 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 7 illustrates this scenario.

[image: ]
Figure 4: Illustration of control and data decoding failures in the 1st retransmission

In Figure 7, 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 9: 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
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 10: 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 11: 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 12: 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: In case of Groupcast only NACK based HARQ feedback (i.e. Option 1 as agreed in RAN1 #95) is supported.
Proposal 2: Minimum required communication range (as defined by higher layers) is agreed to be used in case HARQ feedback for dynamic groupcast (session less) communication.
Proposal 3: Study how to allow only those UEs to send HARQ feedback in terms of NACK which are in certain required communication range from a transmitter.
Proposal 4: Support the Rel-14 LTE-V2X Zone ID concept to put UE location information in the SCI to assist 
Proposal 5: No need to over optimise the system for the case of DTX as UEs can always get benefitted by retransmissions cause by NACK feedback from some other UE in the group.
Proposal 6: No need to handle destructive channel sum effect of HARQ-NACK transmission from multiple UEs.
Proposal 7: Layer-1 destination ID is derived from L2 destination ID by selecting a fixed number of LSBs
Proposal 8: HARQ Process ID and NDI are included as part of PSCCH to enable HARQ combining. 
Proposal 9: 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
[bookmark: _GoBack]Proposal 10: ACK/NACK based HARQ feedback for unicast is supported in NR-V2X.
Proposal 11: RAN1 considers whether additional feedback (CQI, RI, PMI) have sufficient performance benefits to warrant support in NR-V2X.
Proposal 12: 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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