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1. Introduction
At RAN plenary #83 meeting, NR V2X WID was endorsed as ‘New WID on 5G V2X with NR sidelink’. According to the WID, there were many discussions on NR-V2X at the previous RAN1 meetings. In this contribution, we share our views on SL physical layer procedure for NR-V2X including HARQ, CSI acquisition, and power control.

2. Discussions
2.1. HARQ operation
· PSFCH TX/TX overlap and TX/RX overlap
	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

R1-1911678 (R4-1913061)
RAN4 would like to inform RAN1 that N>1 simultaneous transmission could be possible. However, currently, RAN4 has not defined RF requirements to support number N>1 of simultaneous PSFCH transmission. Some potential limitations to support number N>1 of simultaneous PSFCH transmission are listed below:
1. The power of each PSFCH trasmitted relative to the other simultaneous PSFCH transmitted could limit the maximum number of simultaneous transmissions. (e.g. Same PSD or different PSD)
1. For contiguous & discontiguous transmissions N>1 could be supported and MPR, AMPR, IBE are some of the RF requirements which need to be studied in RAN4.
1. The requirements for contigous & non-contiguous transmission could be different 
1. For discontiguous transmissions of PSFCH, the IBE on non-allocation RBs transmission MPR/A-MPR could be higher compared to that of contiguous allocation of PSFCH.
RAN4 will study above issues related to RF requirements and inform RAN1 of the conclusion.


At the RAN1#98 meeting [1], the above agreements were reached for PSFCH TX/TX overlap and TX/RX overlap. One LS was sent to RAN4 to ask whether simultaneous transmissions of multiple PSFCHs are feasible or not, and the above LS reply was received from RAN4 [2]. The RAN4 reply mentioned that N>1 simultaneous transmission could be possible for multiple PSFCHs while detailed conditions have not studied yet. 
The big FFS for case 3 must be concluded in this RAN1 meeting, and there is possibility to transmit multiple PSFCHs simultaneously according to the RAN4 reply; therefore, we strongly propose that NR-SL Rel-16 does not support multiple HARQ-ACK bits on a PSFCH resource when multiple PSFCH transmissions to one UE are collided in time-domain. In other words, the same mechanism as that for case 2 is reused without any further work. Future release can discuss/support multiple HARQ-ACK bits on a PSFCH resource. No issue on backward compatibility is assumed since RRC configuration on PC5 link can select either.
It is noted that the following aspect needs to be solved to agree the multiplexing: how to determine PSFCH resource to multiplex multiple HARQ-ACK bits. Let us use the following figures for example. PSFCH slot periodicity N = 2 slot and PSSCH-to-HARQ feedback timing K = 2 slot. For easy discussion, each transmission is done with only one sub-channel, and association between PSCCH/PSSCH resource and PSFCH resource is set as the same index in the first figure. When PSCCH/PSSCH transmissions from UE#A to UE#B are done on the resource#1 and resource#7 as the second figure, each of the corresponding HARQ-ACK would be transmitted on PSFCH#1 and PSFCH#7, respectively. They are collided in time-domain, the HARQ-ACK bits are multiplexed on a PSFCH resource. No explicit indication is transmitted on SCI for PSFCH resource determination, so determination rule is defined, e.g. 1) PSFCH resource corresponding to the earlier slot, 2) PSFCH resource corresponding to the later slot, 3) different PSFCH resource. Let us take 1) as example. In the second figure, PSFCH#1 is used for the multiplexing. Then, the issue is the case when PSCCH misdetection occurred as the third figure. If UE#B missed PSCCH/PSSCH transmission on resource#1 and received only PSCCH/PSSCH on resource#7, PSFCH#7 with only one bit HARQ-ACK will be transmitted. UE#A assumes PSFCH#1 with 2 bits, so the HARQ-ACK report is failed. Blind detection may be assumed, but we think it is undesirable since other UE may transmit PSCCH/PSSCH on the resource #1 and the corresponding HARQ-ACK is transmitted on PSFCH#1. UE#A could receive the wrong PSFCH#1.
One possibility is always N bits feedback. However, even in this case, misunderstanding of PSFCH resource occurs between UE#A and UE#B if the PSCCH/PSSCH transmission on resource#1 is missed. In the fourth figure, UE#B received only PSCCH/PSSCH on resource#7, so PSFCH#7 with two bits HARQ-ACK will be transmitted. UE#A assumes PSFCH#1 with 2 bits; hence, the HARQ-ACK report is failed. As abovementioned, PSFCH blind detection is not reasonable for SL. Discussion to solve this issue is necessary, where making conclusion seems impossible in only this RAN1 meeting. Of course, taking 3) instead of 1) for PSFCH resource determination leads to more RAN1 discussions, where how to determine the new PSFCH resource is completely open issue.
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Fig. 1: Discussion on HARQ-ACK multiplexing on a PSFCH resource.
Observation 1:
· The same HARQ feedback rule between case 2 and case 3 can work system without any further RAN1 discussion.
· If HARQ-ACK multiplexing on a PSFCH resource is supported, many discussions on PSFCH resource determination for the multiplexing are necessary, where PSCCH misdetection is considered.
Proposal 1:
· Not support HARQ-ACK multiplexing on a PSFCH resource.
· For Case 3 (PSFCH TX with multiple HARQ feedback to the same UE),
· Select N PSFCH(s) transmissions based on priority rule.

· PSFCH resource determination
	Agreements on email discussion [98-NR-10]
Proposal 4
· 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.
Agreements on email discussion [98b-NR-21]
· Proposal 1:
· For implicit mechanism for PSFCH resource determination,
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots
· Proposal 2:
· For implicit mechanism for PSFCH resource determination,
· In a resource pool, one or multiple PSFCH candidate resources are determined from the starting sub-channel index and slot index used for the corresponding PSSCH
· Within the determined PSFCH candidate resources, PSFCH resource for actual transmission is selected based on at least the following parameters
· For unicast and groupcast HARQ feedback Option 1,
· FFS: L1-source ID (i.e., the ID of TX UE) indicated by SCI
· For groupcast HARQ feedback Option 2,
· member ID (i.e., the “identifier” agreed in RAN1#97 to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback)
· FFS: L1-source ID (i.e., the ID of TX UE) indicated by SCI
· Proposal 4:
· 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).
· This (pre)configuration includes the case where all the frequency resources in a resource pool are available for the actual PSFCH transmission.


At the end of the email discussions [98-NR-10] and [98b-NR-21], the above proposals for PSFCH resource determination were agreed. The remaining issue is detailed mechanism for PSFCH resource determination. Based on the above agreements, PSFCH resource(s) is determined from the starting sub-channel index and slot index used for the corresponding PSSCH. The detailed association must be concluded in this RAN1 meeting.
According to the last proposal of the above agreements, a set of frequency resources is (pre-)configured for the PSFCH transmissions, so let us use the following figure for the discussion, where the part with red square is the (pre-)configured set. 4 sub-channels are contained in the resource pool, where each sub-channel is composed of 10 PRBs. The sub-channels are indexed as m_subch = 0, 1, 2, 3, respectively. In the (pre-)configured set for PSFCH transmissions, PRBs are indexed as i_prb = 0, 1, ..., 19.  Regarding time-domain resource, PSFCH slot periodicity N = 2 slot. In this case, PSFCH in slot n are associated with slot n-3 and slot n-2. The slots are indexed as n_sl = 0, 1, respectively.
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Fig. 2: Discussion on PSFCH resource determination.
Firstly, we consider unicast and groupcast option 1. One possible solution is, association based on the orders of m_subch, i_prb, and n_sl. For example, PSFCH resource corresponding to PSCCH/PSSCH resource on {m_subch, n_sl} is determined as:
i_prb = n_sl + m_subch × N
The associations are illustrated in the above figure as blue allows. The above determination formula seems simple and feasible. One concern may be from RAN aspects like IBE, but it can be addressed by the (pre-)configuration of a set of frequency resources for PSFCH transmissions, e.g. distributed PRBs are (pre-)configured as PSFCH resources. One FFS is whether L1 source ID indicated by TX UE is used for PSFCH resource determination. In our view, it is unnecessary for frequency-domain resource while code-domain resource can be determined by L1 source ID to mitigate interference. In NR-SL, the same PSCCH/PSSCH could be used by multiple UEs. In this case, if the corresponding PSFCH resource in code-domain is different, each PSFCH can be differentiated. Of course, frequency-domain resource can be used for the interference mitigation as well, but we feel it is a little wasted. Code-domain resource is sufficient for this purpose. Therefore, code-domain resource of the sequence-based PSFCH format is determined as:
m_0 = (L1 source ID) mod 6
where the reason of mod 6 is that CDM capacity is 6 in the sequence-based PSFCH format.
Secondly, groupcast option 2 is considered. Separate resources (with green in the figure) from unicast and groupcast option 1 are assumed. Each RX-UE will use different PSFCH resource. That is, (Nmax_member – 1) PSFCH resources are needed for each PSCCH/PSSCH resource, where Nmax_member is the maximum number of member UEs in a group. As abovementioned, 6 is CDM capacity of the sequence-based format. i.e. at least (Nmax_member – 1)/6 PRBs should be allocated for each PSCCH/PSSCH resource for groupcast option 2. FDM provides better performance than CDM; thus, one possible solution is to apply FDM prior to CDM as:
i_prb = (M_subch × N) + (n_sl + m_subch × N) × X + {(member ID) mod X}
m_0 = floor{(member ID) / X}
[bookmark: _GoBack]where M_subch is the number of sub-channels in the resource pool and X is (Nmax_member – 1)/6. In the figure, Nmax_member is assumed to be 7, so X is 1. That is, all PSFCHs corresponding to one PSCCH/PSSCH resource are CDMed on the same PRB. One FFS is whether L1 source ID indicated by TX UE is used for PSFCH resource determination. For option 2, further resource consumption is undesirable, so L1 source ID should not be used for PSFCH resource determination.
# TS22.186 [3] assumes up to 20 UEs in a group supporting reliable transmissions. Option 2 is beneficial for higher reliability since DTX can be detected; hence, 20 UEs could be considered for Nmax_member for option 2. It is noted that option 1 is used for a group with over Nmax_member UEs.
Proposal 2:
· For unicast and groupcast option 1,
· Frequency-domain resource is determined by i_prb = n_sl + m_subch × N
· Code-domain resource is determined by m_0 = (L1 source ID) mod 6
· For groupcast option 2,
· Frequency-domain resource is determined by i_prb = (M_subch × N) + (n_sl + m_subch × N) × X + {(member ID) mod X}
· Code-domain resource is determined by m_0 = floor{(member ID) / X}
· i_prb = 0 corresponds to the first PRB of the set of frequency resources (pre-)configured for the actual use of PSFCH transmissions
· n_sl = 0 corresponds to the first slot associated with the PSFCH slot
· m_subch = 0 corresponds to the first sub-channel of the resource pool
· M_subch is the number of sub-channels in the resource pool
· X is (Nmax_member – 1)/6, where Nmax_member is the maximum number of member UEs in a group.

· TX-RX distance based HARQ feedback for groupcast
	Agreements:
· For at least option 1 based TX-RX distance-based HARQ feedback for groupcast,
· A UE transmits HARQ feedback for the PSSCH if TX-RX distance is smaller or equal to the communication range requirement. Otherwise, the UE does not transmit HARQ feedback for the PSSCH
· TX UE’s location is indicated by SCI associated with the PSSCH.
· Details FFS 
· The TX-RX distance is estimated by RX UE based on its own location and TX UE location.
· The used communication range requirement for a PSSCH is known after decoding SCI associated with the PSSCH
· FFS implicit or explicit
· FFS how to define location
· Send a response LS to SA2 including this agreement – R1-1907823 (Hanbyul, LGE), which is approved with final LS in R1-1907908


At the RAN1#97 meeting [4], the above agreements were reached for TX-RX distance-based HARQ feedback for groupcast. TX-RX distance-based HARQ feedback for groupcast for option 2 is still FFS. We believe that the feature of TX-RX distance-based HARQ feedback should be precluded if enabled HARQ-ACK feedback option on groupcast is option 2. The main motivation of option 2 (both ACK and NACK feedback) is to know DTX. If HARQ-ACK is not received, the TX-UE can assume DTX of the RX-UE. After the DTX detection, the TX-UE can do retransmission. However, if TX-RX distance-based HARQ feedback is applied, no reception of HARQ-ACK means two cases: DTX of RX-UE and larger distance than threshold. Retransmission is necessary for the first case while unnecessary for the second case. The benefit is lost; therefore, option 2 becomes meaningless. To avoid this situation, the following proposal is provided.
Observation 2:
· If HARQ feedback option 2 on groupcast is enabled, and if TX-RX distance-based HARQ feedback is applied, the main motivation of option 2 (DTX detection) is lost.
Proposal 3:
· For HARQ feedback option 2 on groupcast, TX-RX distance-based HARQ feedback is disabled.

· CBG-based HARQ feedback
In NR Rel-15, CBG-based HARQ feedback is supported for better resource utilization efficiency because if some CBG decoding is successful, the CBG is not retransmitted even if the TB is not decoded correctly. However, CBG-based operation requires multiple HARQ-ACK bits for a TB, which makes spec. more complexity; for example, PSFCH format aspect, HARQ-ACK bits multiplexing aspect, and TB-base/CBG-base switching aspect. Furthermore, resource for HARQ-based retransmission will be reserved by the prior transmission. That is, regardless of which CB is decoded successfully, the amount of reserved resource will be enough to transmit all of the CBGs. There is little gain in terms of resource utilization efficiency. As additional reason, CBG-based operation is not mandatory feature but optimization. Considering large scope in Rel-16 NR-V2X, it is desirable to drop this feature in Rel-16 NR V2X. Therefore, we provide the following proposal.
Proposal 4:
· CBG-based HARQ feedback is not supported at least in Rel-16 NR-SL.

2.2. CSI acquisition
· SL-CSI reporting timing
An important aspect of SL-CSI reporting is timing of SL-CSI reporting. In NR Rel-15, gNB triggers a CSI reporting with reporting timing/resource, and then the UE transmits the CSI report on the indicated PUSCH to gNB (in case of aperiodic CSI report). Meanwhile, in SL operation, whether each resource is available or not depends on sensing results. That is, even when a UE requests a SL-CSI report to another UE with a resource for the SL-CSI report, the requested UE may not be able to transmit the SL-CSI report on the indicated resource. This situation is similar to PSSCH-PSFCH association, but the same solution is not reasonable since SL-CSI report is conveyed on PSSCH. Therefore, SL-CSI reporting timing should be up to RX-UE. SL-CSI reporting is performed by the same mechanism as data transmission.
Observation 3:
· SL-CSI report indicated to transmit at slot n by TX-UE may not be transmitted at slot n due to sensing results.
Proposal 5:
· SL-CSI reporting timing is up to RX-UE.

One concern about the above timing selection is that TX-UE cannot know when the RX-UE reports the SL-CSI report. When TX-UE does not receive the SL-CSI report shortly, the SL-CSI report trigger may be failed, the SL-CSI report reception may be failed, or just the RX-UE may postpone the SL-CSI report. TX-UE cannot distinguish them. If SL-CSI reporting triggering or SL CSI reporting is failed, TX-UE will retrigger, which is desirable for better transmission performance. Accordingly, we believe that SL-CSI reporting window should be introduced so that TX-UE judges whether retriggering of the SL-CSI report is necessary or not. If SL-CSI report is not received in the window, TX-UE can assume that the SL-CSI reporting is failed. As abovementioned, SL-CSI reporting is available for unicast transmission, where PC5-RRC signalling can be used. The length of the SL-CSI reporting window can be PC5-RRC-configured. 
[image: ]
Fig. 3: SL-CSI reporting window.
Proposal 6:
· Support SL-CSI reporting window.
· SL-CSI is reported within the window.
· If SL-CSI report is not received in the window, it is assumed that the SL-CSI report is failed.

2.3. Power control
· SL pathloss-based open loop power control for groupcast
	Agreements:
· For the SL open-loop power control, a UE can be configured to use DL pathloss (between TX UE and gNB) only, SL pathloss (between TX UE and RX UE) only, or both DL pathloss and SL pathloss.
· When the SL open-loop power control is configured to use both DL pathloss and SL pathloss,
· The minimum of the power values given by open-loop power control based on DL pathloss and the open-loop power control based on SL pathloss is taken.
· (Working assumption) P0 and alpha values are separately (pre-)configured for DL pathloss and SL pathloss.


At the RAN1#97 meeting [4], the above agreements were reached for SL pathloss-based open loop power control. One concern of SL pathloss-based OLPC is groupcast case. In groupcast, a part of RX-UEs’ RSRP information may be unavailable at TX-UE. If TX-UE applies SL pathloss-based OLPC in this case, some UEs in the group cannot receive the groupcast transmission. For example, as the figure below, UE#D is the farthest from UE#A. UE#A has RSRP information of UE#B and UE#C, but does not that of UE#D. If UE#A applies SL pathloss-based OLPC, UE#A transmits groupcast with transmit power where UE#B and UE#C can receive it. The groupcast transmission is not received by UE#D. That is, the SL pathloss-based OLPC is unreasonable for such a case. To avoid this case, a restriction to apply SL pathloss-based OLPC is feasible for groupcast, where all RX-UEs’ RSRP information needs to be available at TX-UE. TX-UE can apply SL pathloss-based OLPC based on the smallest RSRP information.
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Fig. 4: SL pathloss-based OLPC for groupcast
Proposal 7:
· If all UEs’ RSRPs are available at TX-UE, SL pathloss-based OLPC is applicable.
· Otherwise, SL pathloss-based OLPC is not allowed.

3. Conclusion
In this contribution, we discussed SL physical layer procedure for NR V2X. Proposals are summarized as following: 
Observation 1:
· The same HARQ feedback rule between case 2 and case 3 can work system without any further RAN1 discussion.
· If HARQ-ACK multiplexing on a PSFCH resource is supported, many discussions on PSFCH resource determination for the multiplexing are necessary, where PSCCH misdetection is considered.
Proposal 1:
· Not support HARQ-ACK multiplexing on a PSFCH resource.
· For Case 3 (PSFCH TX with multiple HARQ feedback to the same UE),
· Select N PSFCH(s) transmissions based on priority rule.
Proposal 2:
· For unicast and groupcast option 1,
· Frequency-domain resource is determined by i_prb = n_sl + m_subch × N
· Code-domain resource is determined by m_0 = (L1 source ID) mod 6
· For groupcast option 2,
· Frequency-domain resource is determined by i_prb = (M_subch × N) + (n_sl + m_subch × N) × X + {(member ID) mod X}
· Code-domain resource is determined by m_0 = floor{(member ID) / X}
· i_prb = 0 corresponds to the first PRB of the set of frequency resources (pre-)configured for the actual use of PSFCH transmissions
· n_sl = 0 corresponds to the first slot associated with the PSFCH slot
· m_subch = 0 corresponds to the first sub-channel of the resource pool
· M_subch is the number of sub-channels in the resource pool
· X is (Nmax_member – 1)/6, where Nmax_member is the maximum number of member UEs in a group.
Observation 2:
· If HARQ feedback option 2 on groupcast is enabled, and if TX-RX distance-based HARQ feedback is applied, the main motivation of option 2 (DTX detection) is lost.
Proposal 3:
· For HARQ feedback option 2 on groupcast, TX-RX distance-based HARQ feedback is disabled.
Proposal 4:
· CBG-based HARQ feedback is not supported at least in Rel-16 NR-SL.
Observation 3:
· SL-CSI report indicated to transmit at slot n by TX-UE may not be transmitted at slot n due to sensing results.
Proposal 5:
· SL-CSI reporting timing is up to RX-UE.
Proposal 6:
· Support SL-CSI reporting window.
· SL-CSI is reported within the window.
· If SL-CSI report is not received in the window, it is assumed that the SL-CSI report is failed.
Proposal 7:
· If all UEs’ RSRPs are available at TX-UE, SL pathloss-based OLPC is applicable.
· Otherwise, SL pathloss-based OLPC is not allowed.
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