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Introduction
There have been some achievements on PSFCH in last meeting (refer to appendix part). This contribution is to continue the discussion on PSFCH design especially based on mode 2.
Discussion
Half duplex issue 
In LTE repetitions are used to relax half duplex issue. As the time gap between initial retransmission and retransmission of PSCCH/PSSCH is randomized among UEs, it is rarely happened that both initial retransmission and retransmission of one packet collide in time domain between two UEs. Taking such logic, it is straightforward that PSFCH also adopts repetitions to relax half duplex. Although it is best effort based solution, the system may work well in most cases, like LTE V2X. 
Another possibility is certain priority rule is considered for deciding Tx or Rx for certain slot. It can not fully solve half duplex issue but can guarantee QoS performance in some levels. For example, the traffic of higher priority can be transmitted in case of collision due to half duplex. Such approach is not only for PSFCH Tx or Rx but can also be applied for any other channel’s handling. Some detailed priority rule can be further studied. 
Proposal 1: Either or both of followings is supported for PSFCH transmission to address half duplex issue
- Repetition of PSFCH
- Priority rule is considered to solve collisions due to half duplex. FFS the detailed rule.

Determination of PSFCH resources 
Although asynchronous HARQ timing between PSCCH/PSSCH and PSFCH has merit on PSFCH’s transmission flexibility, it will increase the indication overhead, for example SCI needs to indicate the feedback timing of PSFCH. Simpler approach is just to use fixed or predefined timing between PSCCH/PSSCH and PSFCH. The frequency resource and possible repetition of PSFCH also have certain relation with associated PSCCH/PSSCH. One example is shown in Figure 1, where PSFCH’s resource is totally related with associated PSCCH/PSSCH, for example 
· The number of repetitions of PSFCH is same as that of PSCCH/PSSCH (both have two repetitions) 
· The timing gap between initial transmission of PSFCH and retransmission of PSCCH/PSSCH is fixed or predefined. 
· The frequency position of initial transmission of PSFCH is fixed or predefined relation with initial transmission of PSCCH/PSSCH
· The frequency/time gap between repetitions of PSFCH is same as that of PSCCH/PSSCH

Proposal 2: PSFCH resources are determined from associated PSCCH/PSSCH and predefined parameters.
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Figure 1 Resource of PSFCH 

Multiplexing with PSCCH/PSSCH
Figure 1 is intended to show timing/frequency relation between PSFCH and PSCCH/PSSCH but not intended to say PSFCH should occupy the whole slot. In case PSFCH and PSCCH/PSSCH share the same resources so that sensing/resource selection of PSCCH/PSSCH need consider PSFCH, the sensing/resource selection becomes complicated as Tx UE needs to predict PSFCH’s interference situation from decoded PSCCH/PSSCH during sensing window. In addition, it will make half duplex issue more complicated. Another possibility is PSFCH and PSCCH/PSSCH are just TDMed and PSFCH is located at end of a slot in the same resource pool, as shown in Figure 2. In this sense, sensing/resource selection of PSSCH/PSCCH need not consider PSFCH’s transmission. Although PSFCH is located at the end of a slot, it does not always mean self-slot scheduling, which increases the complexity of UE although it has the merit of reduced latency. When and how to transmit PSFCH is based on determined association relation from PSCCH/PSSCH as discussed above.
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Figure 2 Relation between PSFCH and PSCCH/PSSCH
Proposal 3: PSFCH is located at end of a slot and TDMed with PSCCH/PSSCH in the same resource pool.

Others
For unicast, CBG based feedback can improve the retransmission efficiency but on the other hand, it will increase the feedback overhead. It is not so essential optimization. For groupcast, CBG based feedback will make the retransmission very complicated as each Rx UE may have different feedback situation for transmitted CBGs due to different radio link. Therefore, we propose not to support CBG based SL HARQ feedback for unicast/groupcast to simplify and unify the design. 
[bookmark: _GoBack]In addition, for groupcast, to save the feedback overhead and simplify the resource allocation of PSFCH, we propose only NACK is sent. The Rx UEs in the same group share the same resource for HARQ-ACK feedback according to associated PSCCH/PSSCH, which can simplify the allocation. To only support NACK for HARQ feedback can also save the HARQ feedback resource due to same signal transmission from multiple Rx UEs. Otherwise it would require separate resource for PSFCH for each UE because the collision of HARQ-ACK and HARQ-NACK from different UEs on the same resource makes the receiver judgement impossible or difficult. Separate resource for each UE for each PSCCH/PSSCH message will largely increase the feedback overhead and scalable to the group number of UEs. Because of the SFN accumulation of multiple UE's NACK, received PSFCH’s PSD can be high compared with other non-SFNed signal, which would cause some problem on higher inter-subcarrier interference from PSFCH and AGC design complexity.  We think TDMed solution between PSFCH and PSCCH/PSSCH as proposed in the proposal 4 can solve these concerns, for example separate receiver AGC can be applied for PSFCH compared with other signals. 
Proposal 4: CBG based SL HARQ feedback is not supported for unicast/groupcast.
Proposal 5: Only NACK is supported for HARQ-ACK for groupcast.

Conclusion
In this contribution we discussed PSFCH channel design in NR V2X. Based on the discussions, followings are proposed,
Proposal 1: Either or both of followings is supported for PSFCH transmission to address half duplex issue
- Repetition of PSFCH
- Priority rule is considered to solve collisions due to half duplex. FFS the detailed rule.
Proposal 2: PSFCH resources are determined from associated PSCCH/PSSCH and predefined parameters. 
Proposal 3: PSFCH is located at end of a slot and TDMed with PSCCH/PSSCH in the same resource pool.
Proposal 4: CBG based SL HARQ feedback is not supported for unicast/groupcast.
Proposal 5: Only NACK is supported for HARQ-ACK for groupcast.
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Appendix
Agreements in in agenda item “7.2.4.1.2	Physical layer procedures”
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.

Agreements in agenda item “7.2.4.1.4	Resource allocation mechanism”
Agreements:
Sensing procedure is defined as SCI decoding from other UEs and/or sidelink measurements
· FFS information extracted from SCI decoding
· FFS sidelink measurements used
· FFS UE behavior and timescale of sensing procedure
· Note: It is up to further discussion whether SFCI is to be used in sensing procedure
· Note: Sensing procedure can be discussed in the context of other modes
Resource (re)-selection procedure uses results of sensing procedure to determine resource(s) for sidelink transmission
· FFS timescale and conditions for resource selection or re-selection
· FFS resource selection / re-selection details for PSCCH and PSSCH transmissions
· FFS details for PSFCH (e.g. whether resource (re)-selection procedure based on sensing is used or there is a dependency/association b/w PSCCH/PSSCH and PSFCH resource)
· FFS impact of sidelink QoS attributes on resource selection / re-selection procedure
For Mode-2(a), the following schemes for resource selection are evaluated, including
· Semi-persistent scheme: resource(s) are selected for multiple transmissions of different TBs 
· Dynamic scheme: resource(s) are selected for each TB transmission
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