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1 Introduction
In RAN1#98 [1], the following agreements are made on the sidelink physical layer procedures:
Agreements:
· For PSSCH-to-HARQ feedback timing, to down-select:
· Option 1: K is the number of logical slots (i.e., the slots within the resource pool)

· Option 2: K is the number of physical slots (i.e., the slots within and outside the resource pool)

· FFS how to determine K.

Agreements:

· For TX-RX distance-based HARQ feedback for groupcast Option 1, 
· The location information of TX UE is indicated by the 2nd stage SCI payload 
· FFS whether/how higher layer signaling is also used in signaling the location information
· FFS whether/how to handle when the location information is not available at TX and/or RX UE.
Agreements:
· For Case 1 (PSFCH TX/RX overlap),
· Select PSFCH TX or RX based on priority rule

· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.

· FFS: Other priority rule (e.g. TX/RX, cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH), up to UE implementation

· For Case 2 (PSFCH TX to multiple UEs),

· Select N PSFCH(s) transmissions based on priority rule

· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.

· FFS: Other priority rule (e.g. cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH, collision status, etc.), up to UE implementation

· For Case 3 (PSFCH TX with multiple HARQ feedback to the same UE),

· FFS including whether to support multiple HARQ feedback bits are multiplexed on a PSFCH, whether to apply the solution of Case 2

· Send LS to RAN4 to ask the feasibility of simultaneous transmission of multiple PSFCH, and the maximum value of N if feasible (draft LS in R1-1909873, email approval till 9/5 – Hanbyul, LGE)

· Inform that no conclusion is made in RAN1 regarding whether the transmit power of PSFCH transmitted at the same time is the same or not when N>1.

· Including the current RAN1 agreement on PSFCH design

· Final LS is approved in R1-1909905 in [98-NR-11].

Agreements in [98-NR-10]:
· In Rel-16, at least for sequence-based PSFCH format with one symbol (not including AGC training period), it is not supported to do FDM between PSSCH/PSCCH and PSFCH.
· Discuss further the following:

· For a PSFCH format, in the symbols that can be used for PSFCH transmissions in a resource pool, a set of frequency resources is (pre-)configured for the actual use of PSFCH transmissions (i.e., PSFCH transmissions do not happen in other frequency resources). 

· FFS: Frequency resource sets for PSFCH are separated depending on HARQ feedback option.

· At least, it is supported to use a single K value for all UEs in a RX resource pool

· K=2 is supported

· FFS: whether to support other K values to be used as a single K value in a resource pool

· FFS: whether to support the use of multiple K values in a resource pool

· For implicit mechanism for PSFCH resource determination, 

· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with different starting sub-channel in the same slot 

· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with different starting sub-channel(s) in different slots

· FFS: Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots 

· FFS whether/when to support CDM between PSFCH resources used for HARQ feedback of PSSCH transmissions (e.g., when PSFCH resource is insufficient)

· For groupcast HARQ feedback Option 2, support CDM and FDM between PSFCH resources used by different RX UEs for HARQ feedback of the same PSSCH transmission

· FFS how to multiplex HARQ feedback for unicast, groupcast option 1, and groupcast option 2.

· Send LS to RAN4 to ask AGC settling time and RB size of PSFCH. A draft LS was shared in this thread.

· Final LS approved in R1-1909922.

Working assumption in [98-NR-12]:
· For SL-RSRP measurement/reporting for open-loop power control for PSCCH/PSSCH: 
· UE receiving RS for SL-RSRP measurement reports a filtered SL-RSRP (to be selected between L1-filtered SL-RSRP and L3-filtered SL-RSRP)

· The transmit power of the RS is not indicated to UE receiving RS for this purpose. 

· FFS whether to introduce additional behavior, e.g., restriction on transmit power change. 

· FFS SL-RSRP reporting signaling details (e.g., which layer signaling is used). 

· All the power above is normalized with a certain bandwidth (e.g., a PRB or a sub-channel). 

· Other alternatives can be considered in RAN1#98bis if the SL-RSRP measurement error becomes too high with this working assumption.
In this contribution, the further details of 5G V2x procedures are discussed. 
2 HARQ procedures
2.1 Enable/disable HARQ

In RAN1#95, it has been agreed that it is supported to enable and disable SL HARQ feedback in unicast and groupcast. Furthermore, in RAN1#Ad hoc 1901 the following agreements were made:

Agreements:

· (Pre-)configuration indicates whether SL HARQ feedback is enabled or disabled in unicast and/or groupcast.
· When (pre-)configuration enables SL HARQ feedback, FFS whether SL HARQ feedback is always used or there is additional condition of actually using SL HARQ feedback
However, it is still unclear how the (pre)-configuration works to enable or disable HARQ for unicast and/or groupcast.

Following options can be considered for the (pre)-configuration to enable/disable HARQ for unicast/groupcast.

Option1: The (pre)-configuration is resource pool specific
For this options, all the unicast and/or groupcast sidelink communications in the same resource pool share the same (pre)-configuration. If there is no PSFCH resource configured in the resource pool, the SL HARQ feedback is automatically disabled. Otherwise, it can be separately (pre)-configured whether unicast or groupcast HARQ feedback is enabled or disabled.
Option 2: The (pre)-configuration is UE-specific

It can be assumed that all the UEs in the network share the same (pre)-configuration, otherwise different UEs in the unicast or groupcast may have different (pre)-configuration. However, this may be too restricted for the network to flexibly satisfy the various requirements of different services. 
If different UEs in the same unicast or groupcast session have different (pre)-configurations, their UE behaviors would be misaligned, e.g. the transmitter is expecting the HARQ feedback while the receiver is configured to disable the HARQ feedback. Some negotiation mechanism among the UEs may be needed to solve the ambiguity, which may have RAN2 impact.

Option 3: The (pre)-configuration is service specific
For this options, different (pre)-configurations can be set for different unicast and/or groupcast sessions of the same UE. For example, the (pre)-configuration can be based on some QoS parameters and the UE can choose whether to enable or disable the HARQ for a unicast/groupcast based on its QoS and the (pre)-configuration. Different services can flexibly enable or disable HARQ feedback based on its own service requirement. It would be by NW implementation to guarantee that different UEs in the same unicast/groupcast session have the same (pre)configuration to avoid UE mis-behavior.
Proposal 1: RAN1 should decide on the details of (pre)-configuration to enable or disable HARQ for unicast and/or groupcast.

2.2 Mixture of option 1 and option 2
Both option 1 and option 2 of groupcast HARQ feedback are supported for NR V2x, however, the applicability of each option is still unclear. 

From Option 1 point of view

For option 1 of HARQ feedback for groupcast, better PSFCH resource efficiency can be achieved due to shared PSFCH resource. However, groupcast transmitter UE cannot distinguish DTX from ACK based on only NACK feedbacks. The reliability of the groupcast communication depends on the probability of PSCCH miss detection. 

Assumes that the number of receiving UEs in the groupcast is N, the probability of miss detection of PSCCH by each UE is {p0, p1, …, pN}, assuming that the PSSCH transmissions to every receiver UE is successful, the probability that at least a receiving UE misses the groupcast data without feedback would be 1- ∏i(1-pi).
Let N=10, p0= p1 =… =p10=10-3, the total missing probability would be about 10-2; 
However, if let p0= p1 =… =p9=10-3, and only p10=10-1, the total missing probability would be about 10-1. 

Therefore, for groupcast communication with HARQ feedback option 1, if there exists some link(s) with much less reliability than others, bad link(s) will dominate the overall groupcast reliability. For V2x groupcast communication, the receiver UEs may be distributed in an area with different distance/pathloss to the transmitter UE. Also the interference from other sidelink communications to different receiver UEs could vary a lot. A single or a limited number of sidelink link(s) with large signal propagation attenuation (e.g. due to distance, shadowing fading, etc.) or severe interference may deteriorate the overall groupcast reliability when option 1 HARQ feedback is used. 
Observation 1: When HARQ feedback option 1 for groupcast is used, the overall groupcast reliability can be deteriorated by limited number of links with bad link quality.
From option 2 point of view

On the other hand, HARQ feedback option 2 can guarantee the reliability of groupcast as it can distinguish DTX from ACK by individual ACK/NACK feedback from each receiving UE. However, the number of PSFCH resource used by HARQ feedback option 2 is proportional to the number of receiving UEs in the groupcast. From SA1 requirements in [2], for Vehicle Platooning, the 3GPP system shall be able to support reliable V2V communications between a specific UE supporting V2X applications and up to 19 other UEs supporting V2X applications. As the number of UEs in a groupcast communication can be any number from 2 to 19, the number of PSFCH resource for a groupcast TB transmission can also vary between 2 and 19. It would be very inefficient if PSFCH resource is designed for potential usage by groupcast feedback based on the maximum number of UEs in the groupcast. 
Observation 2: PSFCH resource usage would be very inefficient if PSFCH resource is designed for maximum number of UEs in groupcast.
Finally, for option 2, the number of receiving UEs in the groucast may exceed the number of PSFCH resources. If so, anyway only a subset of UEs in the groupcast can be selected to feedback HARQ-ACK in the limited PSFCH resource. And other UEs out of the subset can share a single PSFCH resource by feedback with option 1, i.e. only feedback NACK. Compared with the option of no feedback for these UEs, this mixed solution can provide more benefit on the communication reliability. 

Observation 3: When the PSFCH resource is limited, only a subset of groupcast UEs can be selected to feedback both ACK and NACK, and other UEs can feedback NACK only in a single PSFCH resource. 

Based on observations above, it would be necessary to design a mixture of option 1 and option 2 HARQ feedback for groupcast, which can both provide satisfying reliability even when there exists link(s) with bad link quality, can limit the PFSCH resource consumption when the number of groupcast UEs is large, and can provide more reliability when the PSFCH resource is limited. Only a subset of receiving UEs in a groupcast communication can be allowed to use option 2 HARQ feedback, and other UEs in the groupcast use option 1 HARQ feedback. To limit the number of PSFCH resources, a maximum number of UEs using option 2 can be (pre-)configured. It would be beneficial to the groupcast reliability if the receiving UEs with the worst link quality is selected into the subset of UEs using option 2 HARQ feedback. However, similar as group management in the goupcast, it may also be up to upper layer to decide which UE uses option 2 to feedback HARQ in the groupcast.
Proposal 2: Mixture of option 1 and option 2 HARQ feedback for a groupcast transmission is supported
· A subset of receiving UEs use option 2 HARQ feedback, while other receiving UEs use option 1

3 PSFCH collisions

Three cases are identified for potential PSFCH transmission/reception collision, which will be discussed one by one as following. 

Case 1) PSFCH TX/RX overlap
RAN1 has agreed that (pre-)configuration indicates the time gap between PSFCH and the associated PSSCH for Mode 1 and Mode 2. One of the benefit is to make it 1-to-1 mapping between PSFCH transmission and the corresponding PSSCH transmission. In this way, Tx/Rx overlap of PSFCH transmission can be avoided. The reason is that if a UE needs to receive a PSFCH from other UEs, it must have transmitted the corresponding PSSCH in time domain resource determined by the (pre-)configured time gap. Due to half-duplex, the UE cannot receive PSSCHs from other UEs in the same time domain resource, and thus the UE will not need to send PSFCH in time resource where it needs to receive PSFCH.  
However, in the following scenarios, the PSFCH Tx/Rx overlapping can still happen:
· When data repetition number > 1

RAN1 has agreed to support multiple repetition of the same TB. As shown in Figure 1, if the last repetition of a transmitting TB has time-domain overlap with the last repetition of a receiving TB, the UE may need to transmit PSFCH for the receiving TB and receive PSFCH for the transmitting TB at the same time. As other repetition(s) of the transmitting TB and receiving TB may not overlap, UE may still need to send PSFCH in slot m for receptions of other repetition(s). 
· When PSFCH resource period > 1 slot

RAN1 has agreed to support PSFCH resource period of 2 and 4 slots. If the PSFCH resource period is larger than 1 slot, multiple PSSCH transmission occasions may map to the same PSFCH time domain resource. If a transmitting TB and a receiving TB in different slots map to the same PSFCH time domain resource, the UE need to both send and receive PSFCH at the same time.
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Figure 1. PSFCH half-duplex when data repetition is used

From the UE perspective, due to half-duplex, if PSFCH Tx/Rx overlaps, the UE has to select either to transmit or to receive PSFCH. If transmitting PSFCH is prioritized, the UE will miss the potential ACK/NACK feedback of a previous transmitted TB. To guarantee the reliability, the UE would have to re-transmit the TB as if it has received NACK. The retransmission may be redundant if the TB has already been successfully received. On the other hand, if receiving PSFCH is prioritized, the UE needs to discard the PSFCH transmission of a received TB. If HARQ feedback option 1 is applied, as without feedback is consider to be an ACK, the received TB would not be retransmitted and thus be lost if the UE drops the NACK feedback, and the reliability would be broken; if HARQ feedback option 2 is applied, as no feedback is considered to be a NACK, the reception TB would be unnecessarily retransmitted even if the UE has successfully received the RB. 
Based on the above analysis, at least for HARQ feedback option 1, prioritizing PSFCH transmission is preferred so the reliability requirement can be satisfied. For option 2, the cost of either redundant retransmission of transmitting TB or receiving TB would be similar. To make UE behavior common between HARQ feedback option 1 and option 2, prioritizing PSFCH transmission is also preferred.
Therefore, we propose:

Proposal 3: If PSFCH Tx/Rx overlaps, PSFCH Tx is prioritized.

Further optimization to reduce the potential redundant retransmission due to PSFCH Tx/Rx overlapping can be considered. When repetition number >1, HARQ-ACK can be feedback for every repetition of a TB. In this way, 1-to-1 mapping between PSSCH and PSFCH can still remain, and unnecessary data retransmission due to dropped PSFCH Rx can be avoided. Therefore, we propose:
Proposal 4: Feedback transmission for each repetition of the same TB is supported for NR V2x.
Case 2) PSFCH TX to multiple UEs

A UE may receive data transmissions from different UEs in the same slot, and thus may need to feedback HARQ-ACK to multiple UEs in time-domain overlapping PSFCH. Two options can be considered to deal with the Tx/Tx collision:
· Option 1: at the same time, only PSFCH transmission to a single UE is supported; 
· If collision happens, UE selects a single PSFCH destination, and discard PSFCH transmissions to other UEs.
· Option 2: simultaneous PSFCH transmission to multiple UEs is supported; 
· Option 2-1: UE transmits PSFCHs in a FDM way, and share the transmission power among PSFCH transmissions to different UEs.
· Option 2-2: the information of multiple PSFCHs are multiplexed and transmitted in a single PSFCH, which is groupcasted to multiple UEs.

The PSFCH payload size for different PSFCH destinations could be different. Also the pathloss and the reliability requirements to different destination can be different. The standardization complexity of option 2 can be high. Therefore, option 1 is slightly preferred. When Tx/Tx collision to different destinations happen, a UE can choose a single PSFCH destination based on the priority of associated data transmission. To enhance the PSFCH reliability due to unpredictable dropping due to PSFCH Tx/Tx collision, further optimization can be considered such as PSFCH repetition transmissions. 
Proposal 5: simultaneous PSFCH transmission to multiple UEs is not supported

Case 3) PSFCH TX with multiple HARQ feedback to the same UE
RAN1 has agreed to support PSFCH resource period of 2 and 4 slots. Therefore, multiple TB transmissions from the same UE may happen in a PSFCH resource period, and the corresponding HARQ feedback for these TBs may need to be transmitted in time-domain overlapping PSFCHs. In such a case, the HARQ feedbacks of different TBs can be multiplexed together and be transmitted in a single PSFCH. It can be for further study on how to build the HARQ codebook and select the PSFCH resource. Therefore, we propose:
Proposal 6: Multiple HARQ feedbacks to the same UE can be combined and transmitted in a single PSFCH
4 Conclusion
In this contribution, the issues on 5G V2x HARQ procedures are discussed. Based on the discussion, we made the following observations and proposals:

Observation 1: When HARQ feedback option 1 for groupcast is used, the overall groupcast reliability can be deteriorated by limited number of links with bad link quality.
Observation 2: PSFCH resource usage would be very inefficient if PSFCH resource is designed for maximum number of UEs in groupcast.

Observation 3: When the PSFCH resource is limited, only a subset of groupcast UEs can be selected to feedback both ACK and NACK, and other UEs can feedback NACK only in a single PSFCH resource. 

Proposal 1: RAN1 should decide on the details of (pre)-configuration to enable or disable HARQ for unicast and/or groupcast.

Proposal 2: Mixture of option 1 and option 2 HARQ feedback for a groupcast transmission is supported
· A subset of receiving UEs use option 2 HARQ feedback, while other receiving UEs use option 1

Proposal 3: If PSFCH Tx/Rx overlaps, PSFCH Tx is prioritized.

Proposal 4: Feedback transmission for each repetition of the same TB is supported for NR V2x.
Proposal 5: simultaneous PSFCH transmission to multiple UEs is not supported

Proposal 6: Multiple HARQ feedbacks to the same UE can be combined and transmitted in a single PSFCH
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