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Introduction
In RAN1#AH 1901 meeting, the following agreements for PHY procedures for NR sidelink are achieved [1]:
	Agreements:
· Layer-1 destination ID can be explicitly included in SCI
· FFS how to determine Layer-1 destination ID
· FFS size of Layer-1 destination ID
· The following additional information can be included in SCI
· Layer-1 source ID
· FFS how to determine Layer-1 source ID
· FFS size of Layer-1 source ID
· HARQ process ID
· New Data Indicator (NDI)
· Redundancy Version (RV)
· FFS whether some of the above information may not be present etc. in some operations (e.g., depending on whether they are used for unicast, groupcast, broadcast)
Agreements:
· For determining the resource of PSFCH containing HARQ feedback, support that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH at least for modes 2(a)(c)(d) (if respectively supported) 
· FFS whether or not to additionally support other mechanism(s) for modes 2(a)(c)(d)
· FFS for mode 1
Agreements:
· It is supported that in mode 1 for unicast, the in-coverage UE sends an indication to gNB to indicate the need for retransmission 
· At least PUCCH is used to report the information
· If feasible, RAN1 reuses PUCCH defined in Rel-15
· The gNB can also schedule re-transmission resource
· FFS transmitter UE and/or receiver UE
· If receiver UE, the indication is in the form of HARQ ACK/NAK
· If transmitter UE, FFS
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
Agreements:
· SL open-loop power control is supported. 
· For unicast, groupcast, broadcast, it is supported that the open-loop power control is based on the pathloss between TX UE and gNB (if TX UE is in-coverage).
· This is at least to mitigate interference to UL reception at gNB.
· Rel-14 LTE sidelink open-loop power control is the baseline.
· gNB should be able to enable/disable this power control.
· At least for unicast, it is supported that the open-loop power control is also based on the pathloss between TX UE and RX UE.
· (Pre-)configuration should be able to enable/disable this power control.
· FFS whether this is applicable to groupcast
· FFS whether this requires information signaling in the sidelink.
· Further study its potential impact, e.g., on resource allocation.
· FFS whether closed-loop power control is additionally needed
Agreements:
· Long-term measurement of sidelink signal is supported at least for unicast.
· Long-term measurement here means a measurement with L3 filtering.
· This measurement is used at least for the open-loop power control.
· FFS for other purpose
· FFS: measurement metric
· FFS: which signal is used
· FFS: whether feedback of this measurement is needed
· FFS whether this is applicable to groupcast



In this contribution the physical layer procedures to support unicast/groupcast/broadcast are further discussed. 
Discussion
Layer-1 IDs for NR sidelink
As agreed in RAN1#AH1901, both layer-1 destination ID and layer-1 source ID could be conveyed in SCI. Meanwhile, RAN2 assumes that destination ID and source ID are provided by upper layer and available to Layer 2:
Agreement of RAN2#103bis:
Destination ID for a specific group and for unicast, destination ID for the target UE need to be visible in Layer 2 respectively. Source UE id should be also visible to Layer 2.
This is similar to LTE D2D/V2X, where Layer-2 source/destination IDs are provided by the upper layers, and a Layer-1 destination ID (group ID) is included in the SCI to identify a D2D group and equal to the 8 LSBs of the Layer-2 destination ID. For NR V2X groupcast and unicast, similar mechanism could be adopted, e.g., the Layer-1 ID could be a short version of the upper layer ID.
Proposal 1: Layer 1 destination ID and layer 1 source ID should be derived from the upper layer destination ID and source ID, e.g., taking the 8LSBs of upper layer ID’s.
One FFS of last meeting is whether some of the discussed layer 1 IDs may not be present depending on whether they are used for unicast, groupcast, broadcast. The main purpose of including HARQ process ID, RV, NDI and L1 source ID in SCI is for HARQ combination of unicast and groupcast, so these additional IDs should be included in SCI for unicast and groupcast. For broadcast, similar mechanism as in LTE SL should be reused, L1 destination IDs may be used as a service ID as in D2D, and there seems no need to include these additional IDs for HARQ combination in SCI.
Proposal 2:  L1 destination ID is always present, HARQ process ID, RV, NDI and L1 source ID are only present for unicast/groupcast.
HARQ procedures for sidelink unicast/groupcast
HARQ feedback timing and PSFCH resource
It was agreed in RAN1 AH #1901 that the time gap between PSSCH and the associated PSFCH containing HARQ feedback is not signaled via PSCCH at least for modes 2(a)(c)(d) (if respectively supported). This doesn’t mean to support only one fixed time gap between the PSSCH and the associated HARQ feedback. NR V2X is supposed to support multiple types of services with different latency requirements, and UE may also have different capabilities, so a (pre-)configurable time gap between the PSSCH and the associated PSFCH containing HARQ feedback should be supported. Similar to the HARQ feedback timing, the SL HARQ feedback resource in frequency domain should be also determined basing on the (pre-)configured rules. These configurations could be on a per resource pool basis. For HARQ feedback, we prefer to specify a unified mechanism for both mode 1 and mode 2, because this is beneficial for resource pool sharing between mode 1 and mode 2.
Proposal 3:  Support the (pre-)configuration of the time/frequency relationship between PSSCH and the associated PSFCH containing HARQ feedback, for both Mode 1 and Mode 2.
· This (pre-)configuration is on a per resource pool basis.
SFCI to gNB via UL in mode 1
For NR unicast in mode 1, it is supported that the in-coverage UE sends an indication to gNB to indicate the need for retransmission. In our point of views, the transmitter/source UE should be the UE sending the indication to gNB, since there are following issues if the receiver/destination UE is allowed to send the SFCI to gNB. 
1) The receiver UE may be out of coverage, or in idle/inactive state on Uu link. For all these cases, the receiver UE has no way to send the indication to the scheduling gNB via Uu.
2) The receiver UE may be served by a different gNB from the transmitter UE, and the receiver UE can't send the indication to the scheduling gNB directly, and then transport of SL HARQ feedback over Uu will become more complex.
3) In case both the receiver UE and the transmitter UE are served by the same gNB, besides the grant DCI to the transmitter, additional L1 signaling and protocol are needed for gNB to schedule UL resources for the receiver UE’s transmission of  SFCI indication.
Observation 1: There are situations where the transmitter UE is the only UE that can indicate to gNB the need for retransmission in mode 1 unicast.
Observation 2: Additional signaling and protocol have to be introduced if the receiver UE is allowed to send SL HARQ A/N directly to gNB. 
As an agreement, at least PUCCH could be used to send this indication to gNB. Rel-15 NR supports two kinds of methods for UE to determine a PUCCH resource: one is based on the PUCCH resource configurations provided by high layer and the PUCCH resource indicator field provided in DCI, another is that gNB could use semi-static RRC signaling to configure a set of PUCCH resources for a given UE, e.g., the PUCCH resources for SR transmission.  Both kinds of PUCCH could be considered for an in-coverage V2X UE to indicate to gNB the need for SL retransmission, i.e., gNB could provide transmitter UE with the PUCCH resource via the SL grant DCI, or via semi-static RRC signaling.
One major concern in supporting the transmitter UE to send to gNB the indication of SL HARQ feedback is the latency caused by routing SL HARQ feedback to gNB via UL. For low latency services, the latency could be reduced if gNB can also schedule re-transmission resource(s) to the Tx UE in mode 1 when it indicates to the Tx UE the initial transmission resource(s). If the initial/previous transmission fails, the Tx UE could use the retransmission resources without waiting for gNB’s grant DCI; otherwise, the Tx UE could send information (e.g, HARQ ACK) via UL to gNB to release the remaining retransmission resources to improve the resource efficiency.
Proposal 4: For unicast in Mode 1, only support the transmitter UE to indicate SL HARQ ACK/NACK to gNB. 
· The PUCCH resource for the indication could be allocated by the SL grant DCI or configured by high layer signaling.
· This indication could be indicated to request one/more retransmission resources, or could be indicated to release one/more scheduled retransmission resources.
HARQ feedback for groupcast
The last RAN1 meeting left the following working assumption for HARQ feedback in groupcast.
Working assumption:
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
· FFS applicability of option 1 and option 2 – this part is particularly relevant to confirm (or not) the working assumption
In our view, although option 2 is more robust in allocating the PSFCH resources for each receiver UE, it has more overhead than the option that multiple receiver UEs transmit HARQ-NACK on the same resource. No mention it is still a problem how to allocate dedicated PSFCH resources for each receiver, which may require special design in the SL grant DCI format and SCI format. RAN2 is discussing whether all receiver UEs in a group are visible to the Tx UE. The feasibility of option 2 may depend on the conclusion of the RAN2 discussion. 
Observation 3: The feasibility of option 2 is not clear.
· It depends on whether all receiver UEs in a group are visible to the Tx UE, which is still discussed in RAN2.
· It would be a problem how to allocate dedicated PSFCH resources for each receiver UE.
Proposal 5:  For SL HARQ feedback in groupcast, the support of option 1 (HARQ-NACK only) should be confirmed. Whether to confirm the support of option 2 depends on RAN2’s discussion on groupcast management.
CSI acquisition
In order to support the advanced services, the mechanisms to improve spectrum efficiency, e.g., the multi-layer MIMO and high-order modulation, could be considered. To make these mechanisms possible, short term measurement and feedback from the receiver are needed. The information related to MIMO, i.e., PMI, RI and CQI, could be included in the CSI report at least for unicast.
Another question from past meeting is whether long-term measurement using RSRP and RSRQ and feedback are supported. From our view, the interference conditions on sidelink are very different from those on Uu, for instance, the interference may change quickly due to UE’s moving, and the information representing the interference at receiver is more likely invalid already when UE performs a transmission. So, we propose to include RSRP but not RSRQ information in the CSI.
Proposal 6:  
· For short-term measurement and feedback, MIMO related information, e.g., PMI, RI, could be reported at least for unicast.
· For lone-term measurement and feedback, measurement using RSRP and feedback are supported at least for unicast.
As for which sidelink signal is used for long-term measurement, a dedicated RS other than the DMRS of PSSCH should be designed for NR sidelink CSI measurement. This RS can also be used to get the pathloss between the sidelink transmitter and receiver, which is used in sidelink open-loop power control. So, a dedicated RS transmitted on sidelink should be designed to support at least for unicast. The SRS/CSI-RS of Rel-15 NR could be a starting-point for the RS of NR sidelink. 
Proposal 7:  RS for CSI acquisition and pathloss estimation should be designed on sidelink at least for unicast.
· Rel-15 SRS/CSI-RS can be the starting point. 
Power control
As agreed in the last meeting, if NR sidelink transmission shares the same carrier with the Uu service, the pathloss between the gNB and the sidelink transmission UE is considered in sidelink open loop power control in order to mitigate interference to the gNB. Additionally, the pathloss between the SL Tx UE and Rx UE is also taken into account for the purposes of security protection and power-saving for unicast. One FSS for NR SL open-loop power control is that whether this requires information signaling in the sidelink if the pathloss between the SL Tx UE and Rx UE is also considered. To estimate the pathloss, Tx UE should measure some signals from the receiver UE, e.g., these signals could be the DMRS of PSSCH or other RS from Rx UE, and at least the Tx power of these signals should be informed to the Tx UE to calculate the pathloss.
Proposal 7:  To support open-loop power control on NR sidelink unicast:
· At least the Tx power of the signal used for SL pathlosss estimation should be signaled in the sidelink.
On Rel-15 NR Uu, the estimated pathloss may be different if the UE measures different RS with different beam directions (e.g., different SSBs). This is also true for sidelink, i.e., beamforming is involved in NR sidelink power control. So the impacts of beamforming on both NR Uu and sidelink should be considered.
Proposal 8:  The impact of beamforming on Uu and the impact of beamforming on sidelink should be considered for sidelink open loop power control in WI.
Multi-antenna transmission scheme:
In Rel-15 LTE V2X, both transparent transmission diversity (small delay CDD) and non-transparent transmission diversity schemes (e.g., STBC and SFBC) are discussed. But due to co-existence issues of Rel-14 V2X, only small delay CDD is adopted in Rel-15. For NR V2X multi-antenna transmission scheme, transmission diversity could be supported to improve the reliability. In NR V2X SI, sidelink frequencies for FR1 and FR2 (i.e. up to 52.6 GHz) unlicensed ITS bands and licensed bands are considered. Given the high pathloss in high-frequency range, beamforming and beam management are the key techniques to support sidelink unicast/groupcast and therefore should be considered for NR V2X. In addition to beamforming, multi-layer MIMO could also be considered for unicast to improve the spectrum efficiency. The multi-user MIMO for groupcast can be considered once the study of SU-MIMO in unicast is completed. 
In LTE sidelink communication, sidelink broadcast is supported. In Rel-14 and Rel-15 LTE V2X, basic road safety services in TR 22.885 and some advanced services in TR 22.886 have been supported. Vehicles (i.e., UEs supporting V2X applications) can exchange their own status information through sidelink broadcasting with other nearby vehicles, infrastructure nodes and/or pedestrians. A lot of normative works have been done in LTE V2X phase for sidelink broadcast, and these solutions for sidelink broadcast in Rel-14/Rel-15 could be a start point for NR sidelink broadcast. Some enhancements may also be needed to address the specific issues of NR V2X. For instance, the frequencies up to 52.6 GHz in unlicensed ITS bands and licensed bands are considered in NR V2X study. Considering the high path loss in high-frequency, beamforming and beam-sweeping are the key points to support sidelink broadcast. Further, because beam sweeping consumes more radio resources, some enhancements in resource allocation/selection may also be needed to support this feature. How to support beam-sweeping with reasonable overhead should be further studied in NR sidelink broadcast.
Proposal 9:  For multi-antenna transmission scheme, the following topics should be studied in WI:
· Transmission diversity, e.g., SFBC
· Beamforming and beam-management for unicast/groupcast
· Beam sweeping for broadcast
· Multi-layer MIMO for unicast.
Conclusion
This paper concludes with the following observations and proposals:
Observations:
Observation 1: There are situations where the transmitter UE is the only UE that can indicate to gNB the need for retransmission in mode 1 unicast.
Observation 2: Additional signaling and protocol have to be introduced if the receiver UE is allowed to send SL HARQ A/N directly to gNB. 
Observation 3: The feasibility of option 2 is not clear.
· It depends on whether all receiver UEs in a group are visible to the Tx UE, which is still discussed in RAN2.
· It would be a problem how to allocate dedicated PSFCH resources for each receiver UE.
Proposals:
Proposal 1: Layer 1 destination ID and layer 1 source ID should be derived from the upper layer destination ID and source ID, e.g., taking the 8LSBs of upper layer ID’s.
Proposal 2:  L1 destination ID is always present, HARQ process ID, RV, NDI and L1 source ID are only present for unicast/groupcast.
Proposal 3:  Support the (pre-)configuration of the time/frequency relationship between PSSCH and the associated PSFCH containing HARQ feedback, for both Mode 1 and Mode 2.
· [bookmark: _GoBack]This (pre-)configuration is on a per resource pool basis.
Proposal 4: For unicast in Mode 1, only support the transmitter UE to indicate SL HARQ ACK/NACK to gNB. 
· The PUCCH resource for the indication could be allocated by the SL grant DCI or configured by high layer signaling.
· This indication could be indicated to request one/more retransmission resources, or could be indicated to release one/more scheduled retransmission resources.
Proposal 5:  For SL HARQ feedback in groupcast, the support of option 1 (HARQ-NACK only) should be confirmed. Whether to confirm the support of option 2 depends on RAN2’s discussion on groupcast management.
Proposal 6:  
· For short-term measurement and feedback, MIMO related information, e.g., PMI, RI, could be reported at least for unicast.
· For lone-term measurement and feedback, measurement using RSRP and feedback are supported at least for unicast.
Proposal 7:  RS for CSI acquisition and pathloss estimation should be designed on sidelink at least for unicast.
· Rel-15 SRS/CSI-RS can be the starting point. 
Proposal 8:  The impact of beamforming on Uu and the impact of beamforming on sidelink should be considered for sidelink open loop power control in WI.
Proposal 9:  For multi-antenna transmission scheme, the following topics should be studied in WI:
· Transmission diversity, e.g., SFBC
· Beamforming and beam-management for unicast/groupcast
· Beam sweeping for broadcast
· Multi-layer MIMO for unicast.
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