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1	Introduction
In RAN1 #95 meeting, there were multiple agreements for V2X HARQ design [1]. For unicast, ACK/NACK signaling is supported in this agreement:
	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



For groupcast HARQ, there were two options under discussion in RAN1:
	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



Also, the SL HARQ can be turned off when necessary:
	Agreements:
· It is supported to enable and disable SL HARQ feedback in unicast and groupcast.
· FFS when HARQ feedback is enabled and disabled.



The HARQ feedback channel is defined as PSFCH, in this agreement:
	Agreements:
· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.




There is one working assumption agreed in RAN1 #1901 adhoc meeting [2]:
	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 particulary relevant to confirm (or not) the working assumption



The open issue is directly related with the support of Option 1 and Option 2. RAN1 shall need to make a decision to support both options or to support either one of options for groupcast HARQ design.
More detailed discussion on groupcast HARQ schemes are provided in this contribution with several new proposals. 

2	Design issues of groupcast HARQ
A common V2X use case, as suggested in SA1, is groupcast that one UE shall transmit its message to multiple UEs (peers) in one group. The UEs in the group need to be aware the presence of their peers before data transmission. The physical transmission channels among these UEs in the group usually have different conditions.
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[bookmark: _Ref791876]Figure 1 - General description of the groupcast HARQ process.
If re-transmission schemes are supported for groupcast, similar to that of unicast, HARQ schemes with ACK and/or NACK feedback can be applied. As agreed in RAN1 and depicted in Figure 1, there are two options for groupcast HARQ:
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK

These two options have their corresponding benefits and shortcomings. Option 1 indicates that any peer UE in the group will send NACK only feedback to the transmitting UE. NACK information from group members can share a single PSFCH. This scheme shall have less feedback overhead than Option 2. However, since only NACK is sent through feedback, a receiving UE may not able to transmit an NACK when it is unable to detect one PSSCH transmission (DTX). The transmitting UE may treat a DTX as an ACK from one group member. Option 1 has less reliability than Option 2. 
For Option 2, where receiving UEs will transmit ACK/NACK, the transmitting UE may need to receive ACK/NACK information from multiple group members. Once the UE receives all ACK feedback information, it can determine its retransmission. This scheme can provide reliable HARQ transmission for groupcast, however, multiplexing of ACK/NACK from multiple group members could have large overhead for ACK/NACK feedback channel.
Based on these two options, a desirable solution should satisfy these two requirements:
· Low feedback overhead to support sufficient number of group member UEs;
· Reliable HARQ transmission to minimize the possible DTX impact.

Based on these discussions, we can summary key issues or problems that are unique for groupcast HARQ:
1. Problem 1: whether UE specific ACK and/or NACK from groupcast receiving UEs needs to be identified or not, either from service/use case or from network operation perspective? 
2. Problem 2: whether UE specific ACK or NACK resources for each group member in groupcast is sensible in term of feedback resource efficiency and corresponding resource allocation complexity? 
3. Problem 3: whether the DTX performance impact the overall groupcast HARQ reliability?
For Problem 1, individual NACK identification may help on adaptive retransmission if NACK feedback from small number of group members. For groupcast with large group, this may not help much. Besides, the source UE shall use ACK/NACK feedback to make its retransmission decision. The source UE may not need to know all UE specific ACK/NACK information.

Observation 1: More adaptive retransmission may be enabled by the groupcast source UE based on identification of the groupcast destination UEs that send HARQ NACK, especially if NACK feedbacks are received from limited number of groupcast receiving UEs.
The answer to Problem 1 leads to the design of PSFCH in Problem 2. If it is beneficial to identify the groupcast receiving UE that provides the HARQ ACK/NACK, support of UE specific ACK/NACK resources would be a straightforward solution. However, for UE specific ACK/NACK feedback resources, the overall resources of PSFCH needed for the groupcast shall be the multiplexing of the resources of all the group members. This raises the issue of PSFCH resource multiplexing cost, in terms of resource efficiency (overhead) and complexity. We have these observations:
Observation 2: Support UE specific ACK and NACK feedback consumes more radio resources and requires additional control on the feedback resource allocation for each UE, especially in the groupcast with large group.
With this observation, we have this proposal:
Proposal 1: Consider the shared resources for HARQ ACK and the shared resources for NACK in option 2.
The third problem is related to the overall HARQ reliability issue. For NACK-only option (Option 1), the DTX problem that some group UE may not receive PSCCH/PSSCH and thus cannot send NACK, exists because the ACK feedback is not provided by each UE. In addition, even for option 2 of sending both ACK and NACK by groupcast receiving UE, DTX problem may exist if ACK and NACK feedback resources are shared by all the UEs in the same groupcast as groupcast transmitting UE is not able to identify the number of UEs sending HARQ ACK and NACK. This DTX problem is a critical issue that needs to be address, since the HARQ operation is supposed to boost sidelink performance from SL communication reliability perspective. 
Observation 3: DTX performance is an important measure to evaluate groupcast HARQ performance.

3	New groupcast HARQ schemes
3.1	2-stage HARQ feedback
This solution applies to option 2 that receiver UE transmits HARQ ACK/NACK and is targeted to the problem 2 and 3 as discussed in section 2. To tackle the problem of feedback resource efficiency and resource allocation complexity, this solution assumes the HARQ ACK and NACK resources are shared by the group members in the same groupcast. However, in this case, the problem of DTX (i.e. when receiver UE didn’t receive PSCCH and therefore didn’t transmit HARQ NACK or when transmitter UE didn’t receive HARQ NACK from receiver UEs) needs to be handled as transmitter UE cannot identify DTX by detecting the number of UEs transmitting HARQ ACK or NACK as in the solution of using dedicated feedback resources for each UE in the groupcast. 
To help the transmitter UE to detect the DTX, two stage HARQ feedback channels can be configured to support groupcast HARQ.ACK/NACK feedback: 
· 1st stage HARQ feedback channel is used for groupcast receiver UEs that receive PSCCH and PSSCH to provide HARQ ACK or NACK. Herein the feedback resources for HARQ ACK and another feedback resource for HARQ NACK can be shared by all the UEs of the groupcast.
· 2nd stage HARQ feedback channel is used for groupcast receiver UEs to indicate DTX if the UE didn’t receive PSCCH but detect HARQ ACK or NACK in the 1st stage of HARQ feedback channel
· this step requires the UE that didn’t receive PSCCH to monitor the 1st stage of HARQ feedback channel. If the UE detects HARQ ACK or NACK in the 1st stage of feedback channel, it indicates the UE has missed of receiving the PSCCH and therefore need to transmit the DTX indication in the 2nd stage of HARQ feedback channel.
The two stage of HARQ feedback channels can also help the transmitter UE to detect the DTX due to miss of receiving HARQ NACK feedback from receiver UEs. For instance, if transmitter UE missed 1st stage of HARQ feedback channel of NACK from some UEs, the other UE that detects HARQ NACK in the 1st stage feedback channel will transmit DTX in the 2nd stage feedback channel to trigger the transmitter UE to have HARQ retransmission.
Proposal 2: Consider defining the two stage of HARQ feedback channels to provide more reliable HARQ scheme for groupcast.

3.2	“pattern based” HARQ feedback
As depicted in Figure 1, the UEs after attempting to decode the groupcast PSSCH payload provide their feedback to the transmitting UE. In this scheme this feedback is provided by means of patterns, and the general idea of this solution is illustrated in Figure 2.
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[bookmark: _Ref536702343]Figure 2 – Pattern based HARQ feedback mechanism, where only the NACK reporting part of the mechanism is shown. (a) The UEs provide their NACK HARQ feedback by activating two resource elements in the NACK resource vector, by following an individual pattern; (b) the Groupcast Tx checks if each of the devices in the groupcast group has sent a NACK, by checking if the resources defined by each UE individual pattern is active. 
The proposed scheme can be applied to both Option 1 and Option 2. Where for option 1 only the PSFCH NACK is active. While in Option 2 both PSFCH NACK and ACK are active.
In general terms the proposed scheme is as follows:
· Allocate a set of common resources for HARQ feedback, which we denote as the feedback resource pool. The ACK and NACK resources are orthogonal to each other; The number of resources is smaller than in case of dedicated resources for each device.
· Each UE is allocated a unique feedback pattern for both ACK and NACKs (these patterns can be generated via approaches similar to superimposed codes, for example a bloom filter construction);
· The UEs in the groupcast group provide their HARQ feedback, by selecting the appropriate feedback pattern and resource pool; 
· The transmitting UE, identifies which UEs send a ACK or NACK based on their activation pattern of the resources in the common resource pool;
· Whenever the number of active resources (i.e. resources that were used by at least one UE) is above a predefined threshold, the transmitting UE detects that there is a large number of UEs transmitting a given state (e.g. detection of a large number of NACKs).

The steps of this scheme are as follows:
a) The groupcast group is formed, by the UEs subscribing to the UE A (the groupcast transmitting UE depicted in Figure 1);
b) During the subscribing period, the UE A is informed of the unique IDs of each UE in the groupcast group;
c) The UE A informs the UEs in the groupcast group, via the SCI in the PSCCH, of its transmission in the PSSCH and where the associated ACK/NACK feedback resource pool will take place (i.e. the location of the PSFCH resources);
d) The UEs in the groupcast group upon receiving the UE A’s transmission attempt to decode it and based on the outcome will report either an ACK or a NACK;
e) Each UE transmits its respective ACK or NACK pattern (activate K different resources), in the appropriate feedback resource pool;
a. The UE’s feedback pattern is obtained by an algorithm (e.g. a Bloom Filter generation function) that has as input the UE’s unique ID and outputs K index positions to be activated in the common feedback resource element;
f) The UE A monitors the resources associated the common feedback resource element for ACK and NACK
a. The UE A first checks if there are extreme NACK conditions in the NACK feedback resource pool, by comparing the number of active resources with a threshold.
b. In case the active resources are above the threshold, then the UE A triggers a groupcast HARQ retransmission;
c. In case the active resources are below the threshold, then the UE A identifies the UEs experiencing a NACK by testing for the presence of their respective pattern in the feedback resource pool. The identified UEs can then be served with a dedicated transmission or can be allocated to a sub-group where the groupcast transmissions are more robust (i.e. will require less HARQ retransmissions);
i. The pattern of each UE is computed at UE A, based on the UE unique ID and the common pattern generation algorithm.
To ensure that the scheme is resource efficient, then the patterns assigned to each UE are not orthogonal. As such, false positives can occur, but the scheme can be designed with these in mind. Namely, the probability of a false positive occurring (i.e. the probability of the UE A detecting erroneously that UE x transmitted a NACK) is a design parameter. In Figure 3 we depict the number of required resources to meet a specific false positive target rate (P_fp). The red dotted line shows the number of resources required if we assign a dedicated NACK resource to each UE.
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[bookmark: _Ref796443]Figure 3 – Number of required resources in the PSFCH resource vectors, with 100 UEs in the multicast group and where each UE pattern activates 3 resources.
With this analysis, we propose:
Proposal 3:	Consider supporting pattern based ACK/NACK feedback design for groupcast PSFCH.

3.3	Probability ACK feedback design for groupcast
This probability ACK feedback scheme supports Option 2 for groupcast, where ACK and NACK feedback channels are supported. These two feedback channels are independent (orthogonal) in PSFCH. All group UEs share ACK channels and NACK channels accordingly. The key points are:
1. Receiving UE shall feedback ACK/NACK information based on its detection and decoding of PSSCH. The ACK information and NACK information are independent payload in PSFCH. The feedback channel carrying ACK is shared by all UEs in the group; and the feedback channel carrying NACK is also shared by all UEs in the group.
1. UE shall feedback ACK with an ACK transmit probability , which can be pre-configurable by network, or can be signalled in SCI.
1. The transmitting UE shall terminate its re-transmission only when it reaches the maximum number of retransmission, or when it receives a positive ACK and it does not receive any NACK. Otherwise a re-transmission is scheduled.

The detailed HARQ process can follow these steps:
1. Transmit UE sends its groupcasting PSSCH, together with its group ID, to a group UEs that has already been formed based on high-layer signaling/configuration.
1. If a UE within the group receives the groupcasting PSSCH with correct decoding, it shall transmit its ACK via PSFCH with a probability . The ACK transmit probability  can be pre-configurable by network. The ACK indications from all UE within the group are identical and sharing the same PSFCH.
1. If a UE within the specific group receives the groupcasting PSSCH with a failed CRC check, it shall transmit NACK in its PSFCH. All NACK from UEs in the group are identical and share the same PSFCH.
1. The transmit UE determines its re-transmission of PSSCH based on its received ACK/NACK from PSFCH. The determination of re-transmission shall follow the table below if the total retransmission number is not reached the maximum number.

	ACK detection
	NACK detection
	Re-transmission Decision

	No
	No
	Yes

	No
	Yes
	Yes

	Yes
	No
	No

	Yes
	Yes
	Yes



Numerical results for groupcast with 8 UEs are shown in the figure for DTX probability performance with AWGN channel. The ACK/NACK performance is based on NR PUCCH results. We also assume ideal feedback channel, where no error is assumed in PSFCH. Only first transmission is considered in the simulation.
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[bookmark: _Ref962837]Figure 4    DTX probability performance comparison: AWGN, Group UE number: 8

The DTX probability is defined as the probability of at least one UE won’t be able to detect PSCCH/PSSCH (DTX) when the source UE considers its transmission successful. For NACK only HARQ, this happens when the source UE receives no NACK but at least one UE is DTX. For the proposed scheme, this relates to the case when the source UE receives at least one ACK and receives no NACK, but there is at least one UE in the group is DTX.
Figure 4indicates that when the ACK transmit probability , there is no much difference in DTX performance between the NACK only approach and the new approach. Only when the ACK transmit probability is reduced to  and , there is significant gain in DTX performance, compared with the NACK-only approach (the Option 1 in RAN1), particularly at lower SNR region when the DTX probability is significant. For DTX probability at 0.03, there is more than 2dB gain for the new approach with  than that of NACK-only HARQ. This demonstrates the DTX performance benefit of the proposed HARQ approach for groupcast.
Because the ACK signalling is feedbacked to the source UE with a probability , there is a chance that source UE won’t be able to receive the ACK and thus issue a retransmission when all destination UEs receive the transmission correctly. We call this probability as the “false retransmission probability”, defined as the probability that the source UE does not receive ACK when all group UE correctly receive the transmission. The false retransmission probability performance is shown in Figure 5, for AWGN with a group of 8 UEs (7 receiving UEs).   
[image: ]
[bookmark: _Ref1111370]Figure 5    False retransmission probability performance: AWGN at SNR=0dB, Group UE number: 8
As expected, the false retransmission probability increases with a lower ACK transmission probability . From the numerical results, the false retransmission probability is less than 5% when , and it is about 10% when . The 10% false retransmission probability indicates that the source UE will have about 10% more resource for its HARQ processes, which is not desirable. For groupcast transmission, however, this is the trade-off between the groupcast reliability and efficiency. Besides, when the number of group UE increases, the false retransmission probability would be decreasing.
The clear benefits of the probability ACK feedback scheme for groupcast HARQ are its simplicity, very low feedback overhead, and controllable trade-off between reliability and efficiency. Therefore, we have this proposal:
Proposal 4:	Consider supporting probability ACK feedback in groupcast HARQ.

4	Conclusions

This contribution provides our view and design for HARQ of V2X groupcast. Based on our study, we have these observations:
Observation 1: More adaptive retransmission may be enabled by the groupcast source UE based on identification of the groupcast destination UEs that send HARQ NACK, especially if NACK feedbacks are received from limited number of groupcast receiving UEs.
Observation 2: Support UE specific ACK and NACK feedback consumes more radio resources and requires additional control on the feedback resource allocation for each UE, especially in the groupcast with large group.
Observation 3: DTX performance is an important measure to evaluate groupcast HARQ performance.

Three aspects of HARQ design are provided in this contribution:
0. 2-stage HARQ feedback
0. “Pattern based” HARQ feedback
0. Probability ACK feedback design
With these discussion, we have these proposals:
Proposal 1: Consider the shared resources for HARQ ACK and the shared resources for NACK in option 2.
Proposal 2: Consider defining the two stage of HARQ feedback channels to provide more reliable HARQ scheme for groupcast.
Proposal 3:	Consider supporting pattern based ACK/NACK feedback design for groupcast PSFCH.
[bookmark: _GoBack]Proposal 4:	Consider supporting probability ACK feedback in groupcast HARQ.
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