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1. Introduction
This is a summary document for AI 7.2.4.1.2 Physical layer procedures, based on the contributions listed in the reference section.

2. Necessary information in physical layer
· Issue 2-1: How to convey Layer-1 destination ID via PSCCH? In detail, company’s view and its rationale are as follows:   
· Layer-1 destination ID is included in SCI [25][7][10] 
· Rationale:
· Need to be capable of decoding other UE’s SCI for the sensing based resource collision avoidance operation (e.g., if not, other UE’s resource allocation information in SCI cannot be obtained) 
· Consideration on the increment of CRC false alarm probability when the Layer-1 destination ID is used for scrambling CRC of SCI and the UE belongs to multiple groups (i.e., CRC descrambling should be attempted by using multiple Layer-1 destination IDs)
· Layer-1 destination ID is used for scrambling CRC of SCI [26][9][16]
· Rationale:
· Avoidance of SCI payload size increment 
· Prevention of irrelevant receiver UE’s SCI decoding

· Issue 2-2: What additional information needs to be conveyed via PSSCH at least for supporting HARQ combining in the physical layer when HARQ feedback is in use? In detail, company’s view and its rationale are as follows:   
· Layer-1 source ID is include in SCI [1][26][24][7][9][16][10][19][12]
· Rationale:
· To differentiate packets from different transmitter UEs when combining transmission and re-transmission (at the receiver UE side) 
· HARQ process ID is include in SCI [1][6][26][24][7][9][16][21][12]
· Rationale:
· To identify different HARQ processes for retransmission combining (at the receiver UE side) when operating with asynchronous retransmission and multiple HARQ processes 
· New Data Indicator (NDI) is include in SCI [6][24][7][21]
· Rationale:
· To indicate whether the data is for the initial transmission or retransmission of a HARQ process 
· Redundancy Version (RV) is include in SCI [6][21]
· Rationale:
· To keep the same understanding of RV index between transmitter UE and receiver UE considering the possibility of missing the preceding transmission (in case of incremental redundancy HARQ operation)

· Proposal: 
· The following information is included in SCI
· Layer-1 source ID
· FFS how to determine Layer-1 source ID
· HARQ process ID
· NDI
· RV
· FFS other information (e.g., Layer-1 destination ID)

3. Sidelink HARQ feedback
· Issue 3-1: Whether to define the dedicated physical sidelink channel for conveying SL HARQ feedback? In detail, company’s view and its rationale are as follows:
· Supported by [1][6][9][16][8][17][11][12] 
· Rationale:
· Need to support the standalone transmission of SL HARQ feedback considering e.g., piggybacking the feedback information in PSSCH (or PSCCH) is not always feasible since the UE may not have data to transmit
· Consideration on the physical sidelink channel design for reducing the latency of SL HARQ feedback transmission e.g., physical sidelink feedback channel is within the same slot as the corresponding PSSCH

· Proposal for agreement (offline consensus):
· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.

· Issue 3-2: What HARQ information needs to be sent by the receiver UE for unicast and groupcast? In detail, company’s view and its rationale are as follows:
· For unicast,
· Receiver UE transmits HARQ-ACK or HARQ-NACK based on the decoding result of the corresponding PSSCH
· Supported by [6][[24][16]
· Rationale:
· Since there is only one to one communication, similar to NR Uu operation, SL HARQ feedback can be based on HARQ-ACK/NACK
· For groupcast,
· Receiver UE transmits HARQ-NACK if it fails to decode the corresponding PSSCH. It transmits no signal otherwise
· Supported by [6][[24][7][16][3]
· Rationale:
· To minimize SL HARQ feedback reporting/resource overhead (e.g., by sharing the same feedback resource among the group members)
· Need to perform the retransmission when at least one of group members fails to decode PSSCH
· FFS points commented by [12][16][3][10][8][17][11]
· Whether/how to handle DTX issue (i.e., transmitter UE cannot recognize the case that a receiver UE misses PSCCH scheduling PSSCH)
· How the transmitter UE determines 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

· Proposal for agreement (offline consensus): 
· 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

· Proposal for agreement (offline consensus): 
· 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

· Issue 3-3: Whether/how to support TX-RX distance based SL HARQ feedback? In detail, company’s view and its rationale are as follows:
· Supported by [24]
· Rationale:
· For certain advanced use cases, UEs in certain range of a transmitter UE are required to receive messages more reliably than UEs which are far away from the transmitter UE 
· SA2 found that in addition to 5QI metrics, minimum communication rage is an important metric to be considered in NR V2X scenarios (TR 23.786)
· Comments from [12]
· Further study is necessary on the benefit of TX-RX distance based SL HARQ feedback. Also it is regarded as a kind of an optimization to broadcast since the packet is not transmitted targeting a certain receiver UE group

· Proposal: RAN1 studies the benefit of TX-RX distance based SL HARQ feedback.

· Issue 3-4: Whether/how to support enabling or disabling SL HARQ feedback? In detail, company’s view and its rationale are as follows:
· Supported by [26][24][7][21][20][11]
· Rationale:
· In latency-critical use cases (e.g., collective perception of environment), the normal SL HARQ feedback operation might not meet the latency requirements 
· For SL data with low reliability requirement, the transmissions without SL HARQ feedback may achieve the data reliability requirement
· In heavily congested scenarios, enabling SL HARQ feedback operation not only result in diminishing returns but also cause losses in some cases
· SL HARQ feedback may not be needed for the groupcast when the group members frequently change or the group size is large

· Proposal for agreement (offline consensus)
· It is supported to enable and disable SL HARQ feedback in unicast and groupcast.
· FFS when HARQ feedback is enabled and disabled.

· Issue 3-5: How to determine the PSFCH resource? In detail, company’s view and its rationale are as follows:
· Flexible time/frequency relationship between PSSCH and the associated PSFCH
· Supported by [6][9][21][17][11][2][19][22]
· Rationale:
· Consideration on multiple types of services with different latency requirements and different UE capabilities
· Allow to perform channel access for the SL HARQ feedback itself or to dynamically take into account the already planned SL HARQ feedback resource and select the more suitable/less congested one for its own operation 
· Comments from [6][11][19][22][14][26]
· If the transmitter UE determines the SL HARQ feedback resource, 
· The SL HARQ feedback resource may be avoided by others when there is sufficient processing time, once the SCI scheduling PSSCH is detected by the surrounding UEs
· The transmitter UE does not need to blindly detect the SL HARQ feedback
· If the SL HARQ feedback resource is determined by receiver UE, 
· The SL HARQ feedback resource could be selected taking into account current operation at the receiver UE, for example its own plans to transmit PSSCH and PSCCH, sensing information
· Fixed or (pre)configured time/frequency relationship between PSSCH and the associated PSFCH
· Supported by [26][25][16][12]
· Rationale:
· Less standardization impact and control signaling (i.e., simplifying the determination procedure of SL HARQ feedback resource)

· Proposal: Further study the following options regarding how to determine the resource of a PSFCH
· For time resource,
· Option 1-1: Time gap between PSSCH and the associated PSFCH is (pre)configured or fixed
· Option 1-2: Time gap between PSSCH and the associated PSFCH is signalled via SCI
· For frequency resource,
· Option 2-1: Frequency resource of PSFCH is determined by the resource used for the associated PSSCH
· Option 2-2: Frequency resource of PSFCH is signalled via SCI
· Option 2-3: Frequency resource of PSFCH is selected by receiver of the associated PSSCH

· Issue 3-6: Whether/how to report SL HARQ feedback to gNB via UL in Mode 1? In detail, company’s view and its rationale are as follows:
· Supported by [1][25][23][16][8][20][3][17][11]
· Rationale:
· gNB can efficiently allocate/schedule the sidelink resource for retransmission or new transmission accordingly based on SL HARQ feedback
· Which UE reports SL HARQ feedback to gNB via UL?
· Transmitter UE
· Comments from [1][20]
· It has no limitation on the location and status of receiver UE (e.g., idle/inactive state, out of coverage)
· It introduces extra RTT as the transmitter UE should deliver SL HARQ feedback to gNB for rescheduling sidelink resource
· Since the transmitter/receiver UEs need to exchange SL HARQ feedback over the sidelink, it will suffer the impact of half-duplex constraint
· Receiver UE 
· Comments from [1][25][8][20][16]
· It can reduce the latency incurred by routing SL HARQ feedback via the transmitter UE
· It can mitigate the half-duplex constraint as there is no need for the transmitter UE to monitor SL HARQ feedback from the receiver UE and the transmitter UE may utilize the time resource for transmitting other control or data
· If the receiver UE is outside network coverage (or in idle/inactive state), then it cannot convey its SL HARQ feedback over Uu. Also if the transmitter/receiver UEs are served by different gNBs, then transport of SL HARQ feedback over Uu will become more complex

· Proposal for agreement (discussed but no consensus):
· [bookmark: _GoBack]Study further whether to support UE sending to gNB information which may trigger scheduling retransmission resource in mode 1. FFS including
· Which information to send
· Which UE to send to gNB
· Which channel to use
· Which resource to use

4. Sidelink CSI acquisition
· Issue 4-1: In the context of CSI, what kind of information is useful in sidelink operation and how can it be acquired? 
· Two contributions [6][1] have been submitted showing different evaluation results on the benefit of short-term CSI feedback. Details are as follows:
· Evaluation results in [6] show that the interference variation could become quite unpredictable depending on the channel access procedures/system loading (i.e., leading to useless attempt to adapt transmission parameter) and there is no benefit of short-term PMI feedback due to the fast channel variation in time (or the delay between transmitting RS used for PMI estimation and the application of feedback information at the transmitter UE) 
· Evaluation results in [1] show that the appropriate channel estimation accuracy/throughput can be achieved by adjusting the CSI feedback periodicity and close-loop MIMO with feedback can outperform open-loop MIMO in terms of throughput
· Summary of company’s view/preference on the type of CSI feedback information:
· CQI
· Supported by [1][25][16][8][14][21]
· PMI
· Supported by [1][9][21]
· RI
· Supported by [6][1][9][16][21]
· RSRP
· Supported by [6][1][14][17][12]
· RSRQ
· Supported by [6][14][12]
· Pathloss
· Supported by [21]
· LI
· Supported by [9]
· CRI/SRI
· Supported by [1]
· Doppler spread and delay spread
· Supported by [1]
· Interference condition
· Supported by [2]

· Proposal: RAN1 firstly discuss whether/how to support CQI/PMI/RI and/or RSRP/RSRQ for SL CSI acquisition.

5. Sidelink power control
· Issue 5-1: Whether/how to enhance SL power control? In detail, company’s view and its rationale are as follows:
· SL pathloss based open-loop power control
· Supported by [26][23][9][16][8][2][12]
· Rationale:
· Limitation of interference injection to non-intended receiver UEs
· Saving of power consumption which may be important for certain UE types (e.g. pedestrian UE)
· Comments from [6]
· Further consider open-loop power control techniques taking into account the impact on channel access procedures (e.g., in case of large-scale channel access with resource reservation, the measurements may be performed assuming one transmission power of UEs while during transmission and/or small scale channel access. If the transmission power of some UEs may change, it may destruct the channel sensing decisions made with another transmission power assumption)
· Closed-loop power control
· Supported by [1][23][8][2]
· Rationale:
· To perform the fine tuning of transmission power dynamically considering e.g., sidelink channel quality between transmitter UE and receiver UE

· Proposal: RAN1 continues studying SL pathloss based power control considering e.g., impact on resource allocation.

6. Sidelink multi-antenna transmission scheme
· Issue 6-1: Whether/how to support multi-antenna transmission scheme at least for the purpose of supporting high data rate and reliability in sidelink operation?
· Summary of company’s view:
· Open-loop MIMO scheme (e.g., SFBC)
· Supported by [1][26][8]
· Closed-loop MIMO scheme
· Supported by [1][26][8][16]
· Note that support of closed-loop MIMO scheme depends on whether to introduce the sidelink short-term channel quality measurement/feedback

7. Others
· The following issues are commented from companies:
· Whether to define separate physical sidelink channel for discovery?
· How/whether to support multiplexing of unicast, groupcast, and broadcast transmissions in a resource pool?
· Is a beam management procedure needed for FR2 and, if so, what operations need to be supported for it?
· Proposal: RAN1 aims to conclude the following issues in RAN1 ad hoc meeting:
· Whether to define separate physical sidelink channel for discovery
· How/whether to support multiplexing of unicast, groupcast, and broadcast transmissions in a resource pool
· Whether/how to support a beam management procedure for FR2
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Appendix: Previous agreements and conclusions
Agreements (RAN1#94):
· RAN1 assumes that higher layer decides if a certain data has to be transmitted in a unicast, groupcast, or broadcast manner and inform the physical layer of the decision. For a transmission for unicast or groupcast, RAN1 assumes that the UE has established the session to which the transmission belongs to. Note that RAN1 has not made agreement about the difference among transmissions in unicast, groupcast, and broadcast manner.

· RAN1 assumes that the physical layer knows the following information for a certain transmission belonging to a unicast or groupcast session. Note RAN1 has not made agreement about the usage of this information.
· ID
· Groupcast: destination group ID, FFS: source ID
· Unicast: destination ID, FFS: source ID
· HARQ process ID (FFS for groupcast)
· RAN1 can continue discussion on other information

· RAN1 to study the following topics for the SL enhancement for unicast and/or groupcast. Other topics are not precluded.
· HARQ feedback
· CSI acquisition
· Open loop and/or closed-loop power control
· Link adaptation
· Multi-antenna transmission scheme

Agreements (RAN1#94bis):
· Layer-1 destination ID is conveyed via PSCCH.
· FFS how many bits are conveyed.
· FFS details for each of the unicast/groupcast/broadcast cases
· Additional Layer-1 ID(s) is conveyed via PSCCH at least for the purpose of identifying which transmissions can be combined in reception when HARQ feedback is in use. 
· FFS whether this ID can be used for other HARQ feedback related operation.
· FFS other purpose
· FFS how many bits are conveyed.
· FFS details including how to convey the ID(s), e.g., whether the ID(s) is conveyed in the SCI or used for CRC scrambling.

· For unicast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios
· For groupcast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios

· In the context of sidelink CSI, RAN1 to study further which of the following information is useful in sidelink operation when it is available at the transmitter.
· Information representing the channel between the transmitter and receiver
· Information representing the interference at receiver
· Examples for this information are
· CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion
· FFS including
· Such information can be acquired using reciprocity or feedback
· Time scale of the information
· Which information is useful in which operation and scenario

· Sidelink control information (SCI) is defined.
· SCI is transmitted in PSCCH.
· SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.
· NDI, if defined, is a part of SCI.
· Sidelink feedback control information (SFCI) is defined.
· SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.
· FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
· FFS how to include other feedback information (if supported) in SFCI.
· FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel
· FFS in the context of Mode 1:
· whether/how to convey information for SCI on downlink
· whether/how to convey information of SFCI on uplink

Conclusion (RAN1#94bis):
· To update the TR 37.885 by replacing “multicast” by “groupcast”


