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Introduction  
In RAN1#97, there was intensive discussion on the physical layer procedure for NR V2X as seen following agreements [1]:
Agreements:
· For sidelink transmit power control,
· Total sidelink transmit power is the same in the symbols used for PSCCH/PSSCH transmissions in a slot.
· FFS whether/how to handle simultaneous transmission of sidelink and uplink
· The maximum SL transmit power is (pre-)configured to the TX UE.
· FFS on details (e.g., whether the maximum power is dependent of parameters such as the priority of PSCCH/PSSCH)
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.

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

Agreements:
· For the period of N slot(s) of PSFCH resource, N=2 and N=4 are additionally supported.
Agreements:
· For a PSSCH transmission with its last symbol in slot n, when the corresponding HARQ feedback is due for transmission, it is expected to be in slot n+a where a is the smallest integer larger than or equal to K with the condition that slot n+a contains PSFCH resources.
· FFS details of K
Agreements:
· [bookmark: _Hlk16861145]At least for the case when the PSFCH in a slot is in response to a single PSSCH:
· Implicit mechanism is used to determine at least frequency and/or code domain resource of PSFCH, within a configured resource pool. At least the following parameters are used in the implicit mechanism:
· Slot index (FFS details) associated with PSCCH/PSSCH/PSFCH
· Sub-channel(s) (FFS details) associated with PSCCH/PSSCH
· Identifier (FFS details) to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback
· FFS detailed applicability of the above parameters 
· FFS: Other parameters (e.g. SL-RSRP/SINR, Layer-1 source ID, location information, etc.)
In this contribution, we discuss about the relevant issues of physical layer procedure and provide our proposals and views.
Layer-1 ID for NR V2X 
It was agreed to introduce layer-1 destination ID, source layer-1 ID and HARQ process ID in NR SL physical layer, and those layer-1 IDs are conveyed via PSCCH for the purpose of layer-1 packet filtering and the HARQ combining. For the HARQ combining, both layer-1 source ID and HARQ process ID are conveyed via PSCCH (in SCI) since both different HARQ processes and different transmitter UEs should be identified via these layer-1 IDs, when considering HARQ combining and asynchronous HARQ operation. 
Given that there can be many unicast/groupcast connections between V2X UEs within a certain V2X communication range, there might be potential collisions of layer 1 ID in the sidelink transmission where different Tx UEs may select same layer-1 ID due to shorten layer-1 ID pool, and it accordingly results in miss PSSCH detection, HARQ feedback and interference. The false alarm of UE ID detection issues needs to be carefully studied. 
In higher layer, for the connection management purpose, multiple SL link connections (e.g. layer-2 links) for unicast/groupcast will be established. In LTE D2D, one-to-one layer 2 link between UE 1 and UE 2 was identified via the combination of Layer-2 IDs of UE1 and UE2. SL physical layer need to derive the layer-1 link ID, which represent the link identification between UEs, via the combination of destination/source IDs (from layer-2), HPN, zone-ID and/or time varying information (e.g. slot/symbol index) etc. to solve the false alarm of UE ID detection issues.
Therefore, RAN1 should discuss how to generate layer-1 link ID for the subsequent SL physical layer operations to address the layer-1 ID collision issue particularly in heavy traffic situations.
Proposal 1:	The false alarm issue of UE ID detection needs to be studied for avoiding the system performance degradation.
SL HARQ for NR V2X
In last RAN1 meeting, it has been agreed that implicit mechanism is used to determine at least frequency and/or code domain resource of PSFCH, within a configured resource pool at least for the case when the PSFCH in a slot is in response to a single PSSCH. When considering following agreement on PSFCH occasions with a period of N slot(s) (N=1, 2 or 4), there can be N:1 association between PSSCH(s) and a PSFCH for SL HARQ feedback. That is, multiple SL HARQ feedback bits associated multiple PSSCHs can be transmitted in one PSFCH in same slot and thus, PSFCH resource allocation in frequency/code domain should be implicitly determined so that it avoids the potential resource collisions.
Agreements:
· It is supported, in a resource pool, that within the slots associated with the resource pool, PSFCH resources can be (pre)configured periodically with a period of N slot(s)
· N is configurable, with the following values
· 1
· At least one more value >1
· FFS details
· The configuration should also include the possibility of no resource for PSFCH. In this case, HARQ feedback for all transmissions in the resource pool is disabled
· HARQ feedback for transmissions in a resource pool can only be sent on PSFCH in the same resource pool
Agreements:
· For the period of N slot(s) of PSFCH resource, N=2 and N=4 are additionally supported.
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[bookmark: _Ref16864654]Figure 1. Implicit PSFCH resource allocation
In Figure 1, it is shown there is a simple example of PSFCH resource allocation in frequency domain. The PSFCH occasion is configured in every two slots (i.e. N=2), resulting 2:1 slot timing association between PSSCH/PSCCH and PSFCH. In this example, there are three PSSCH/PSCCH receiving UEs who need to perform the SL HARQ feedback (via PSFCH) to Tx UE(s) in same slot (i.e. slot#2), and it is assumed that lowest PRB/subchannel index allocated for a PSSCH is used at least for PSFCH PRB determination in a frequency domain. In addition, in order to avoid PSFCH frequency resource collision between UE 2 and UE 3, who have same lowest RB/subchannel index in slot#0 and slot#1, respectively, the slot index scheduled for PSSCH are also considered. As a result, UE 2 and UE3 can have different PSFCH PRB with a offset value which is determined by parameters related to for example PSSCH/PSCCH and PSFCH slot association (), and the number of PRB per a subchannel () in this example. Note that the offset for UE 3 should not be larger than number of PRB per a subchannel () since it can be collided with PSFCH resource between UE 1 and UE 3 when the associated PSSCH/PSCCH for UE 1 and UE3 are scheduled as seen in Figure 1. With this baseline, SL layer-1 ID/slot index can be additionally considered for the determination of PSFCH frequency resource so that it allows frequency hopping across PSFCH occasions in time domain to provide frequency diversity gain for reliable PSFCH reception. In case of PSFCH resource allocation for groupcast, the Rx UE ID in a group can be also used to distinguish each Rx UE’s PSFCH frequency resource. 
Proposal 2:	PSFCH frequency resource is implicitly determined at least based on following parameters:
- slot index associated PSSCH/PSCCH
- lowest sub-channel/PRB index associated PSSCH/PSCCH
- SL layer-1 ID (e.g. Rx UE ID in a group, layer-1 source ID, etc.)
Proposal 3:	PSFCH frequency hopping can be configured across slots/OFDM symbols.

Regarding code resource allocation of a sequence-based PSFCH format, SL-layer-1 ID should be used to determine the PSFCH sequence (i.e. base sequence) and cyclic shift value for both unicast and groupcast. We think there would be no much specification efforts for the sequence generation of a sequence-based PSFCH format, since RAN1 already agreed NR PUCCH format 0 is baseline. It only needs to address some minor points such as replacing cell-ID with SL layer-1 ID, sequence hopping and cyclic shift value determination.
Proposal 4:	PSFCH code resource is implicitly determined at least via SL layer-1 ID with baseline NR PUCCH format 0 design. FFS on details e.g. sequence generation.

For groupcast HARQ feedback, it was discussed whether all or subset of Rx UEs share a PSFCH for option 1 and option 2. We think it brings unnecessary Tx UE complexity, system overhead (e.g. PSFCH resource) and impacts reliability of HARQ feedback particularly for option 2 case, and it is unclear how much performance benefits can be obtained with the expense. Therefore, if there is no much performance benefit from this operation, it is desirable to configure for all Rx UEs either option 1 or option 2 for groupcast HARQ feedback.
Proposal 5:	For groupcast HARQ feedback, either option 1 or option 2 for all Rx UEs in a group can be configured.
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[bookmark: _Ref525969593]Figure 2. An example of HARQ-ACK feedback for slot-aggregation
Latency requirement is very challenge for some scenarios for which reliability requirement is also tight. Then, the individual SL HARQ feedback transmission per PSSCH having a TB may not be suitable for those case, and as shown in Figure 2, the slot-aggregation for SL data transmission can be considered for concerned scenarios. For example, if how many slots are aggregated for one transport block is provided by NG-RAN in case of mode 1, the corresponding PSCCH/PSSCHs are transmitted in the multiple scheduled slots with different redundancy version. It would lead to shorter latency than individual HARQ-ACK reporting in some cases. So, it is necessary to discuss how to support SL HARQ if the slot aggregation is configured.
Moreover, as mentioned to meet the stringent reliability and latency requirement during SL HARQ operation, additional HARQ feedback transmission schemes can be considered. Also, if CBG based SL data transmission is adopted, the number of HARQ-ACK bits to be reported by Rx UE would be increased and, in some scenario, where HARQ-ACK reporting from Rx UE may not be reliably received at Tx UE side due to lack of received energy from shorter OFDM symbol length (e.g. 1 or 2 OFDM symbol), SL HARQ-ACK repetition, multiplexing or bundling may be selectively adopted. It would provide additional scheduling/configuration flexibility for SL HARQ operation, by coping with various scenarios and performance requirements. It could be enabled by signaling DCI from network and/or SCI from Tx UE’s signaling when performing SL HARQ.
Proposal 6:	Consider SL slot aggregation for SL data transmission and corresponding HARQ feedback

In RAN1#97, following agreement was made for SL HARQ reporting from mode 1 Tx UE to gNB.
Agreements:
· Sidelink HARQ ACK/NACK report from transmitter UE to gNB is supported with details FFS.
Note: this reverts the following agreement from RAN1#96:
· Sidelink HARQ ACK/NACK report from UE to gNB is not supported in Rel-16.
· SR/BSR report to gNB for the purpose of requesting resources for HARQ retransmission is not supported.
In order to provide a gNB with the SL HARQ feedback via NR UL channels, SL HARQ to Uu HARQ timing relationship should be firstly defined. Similar with NR HARQ-ACK reporting, it is necessary to define the slot timing of PSFCH to HARQ feedback in one UL slot. Thus, a gNB provide a Tx UE with the SL-to-Uu A/N Tx timing configurations via dedicated RRC signaling, and then one slot timing value among the SL-to-Uu A/N Tx timing values can be dynamically signaled in a SL DCI format that schedules an associated PSSCH/PSCCH.
[image: ]
[bookmark: _Ref16893743]Figure 3. An example of SL HARQ feedback timing via NR UL
In Figure 3, there is one example of SL HARQ feedback timing in a UL slot when mode 1 Tx UE is scheduled to transmit several PSSCHs across multiple SL slots. According to SL resource pool configurations in a time domain, it is assumed that both SL BWP and UL BWP in a serving cell are shared in a same carrier (i.e. licensed carrier), while a SL DCI format in PDCCH is transmitted in a DL active BWP. For mode 1 Tx UE, a gNB can basically schedule the SL resource allocation for PSSCH transmission. On top of that, as seen in this example one SL-to-Uu A/N Tx timing indication in a SL DCI format is provided within a set of SL-to-Uu A/N Tx timing values, in order to indicate the SL HARQ feedback timing to one UL slot. Thus, SL-to-Uu HARQ ACK timing values should be (pre-)configured to a mode 1 Tx UE in order to inform a gNB of SL HARQ-ACK associated with scheduled PSSCH/PSCCH transmissions.
Proposal 7:	For SL HARQ report to a gNB, a set of SL-to-Uu HARQ-ACK timing values should be configured to a mode 1 Tx UE, and then one SL-to-Uu HARQ-ACK timing value in a SL DCI format is indicated within the set.
Moreover, SL HARQ codebook design should be also defined for the SL HARQ report in both UL and SL. There are several considerations to determine the SL HARQ codebook such as followings:
· Semi-static/dynamic
· PSSCH occasions associated to one UL slot
· TB or CBG based PSSCH
· Transmission type (i.e. unicast)
· SL assignment indication in SL DCI format
· A ratio of SCS between active SL/UL BWP
· TDD UL-DL configuration
· Etc.
[bookmark: _GoBack]Also, there can be further relation with NR Uu HARQ codebook type (e.g. type 1/2 codebook determination for NR Uu) when Uu and SL HARQ feedback is coincided in a same UL slot. For example, if a Tx UE is configured with type 1 codebook determination, SL HARQ codebook can be also determined in a semi-static manner, otherwise it can be relied on dynamic indication of the scheduling assignment like DAI. Therefore, it should be discussed how to determine SL HARQ codebook with consideration of multiplexing SL/Uu HARQ codebook in one PUCCH/PUSCH in a slot. 
Proposal 8:	For SL HARQ codebook determination, both semi-static and dynamic codebook determination should be supported similar with NR Uu. 

Conclusion
This contribution discusses the HARQ mechanism for NR V2X and makes the following proposal: 
Proposal 1:	The false alarm issue of UE ID detection needs to be studied for avoiding the system performance degradation.
Proposal 2:	PSFCH frequency resource is implicitly determined at least based on following parameters:
- slot index associated PSSCH/PSCCH
- lowest sub-channel/PRB index associated PSSCH/PSCCH
- SL layer-1 ID (e.g. Rx UE ID in a group, layer-1 source ID, etc.)
Proposal 3:	PSFCH frequency hopping can be configured across slots/OFDM symbols.
Proposal 4:	PSFCH code resource is implicitly determined at least via SL layer-1 ID with baseline NR PUCCH format 0 design. FFS on details e.g. sequence generation.
Proposal 5:	For groupcast HARQ feedback, either option 1 or option 2 for all Rx UEs in a group can be configured.
Proposal 6:	Consider SL slot aggregation for SL data transmission and corresponding HARQ feedback
Proposal 7:	For SL HARQ report to a gNB, a set of SL-to-Uu HARQ-ACK timing values should be configured to a mode 1 Tx UE, and then one SL-to-Uu HARQ-ACK timing value in a SL DCI format is indicated within the set.
Proposal 8:	For SL HARQ codebook determination, both semi-static and dynamic codebook determination should be supported similar with NR Uu. 
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