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Introduction
In RAN1#94bis, the following agreements for NR sidelink unicast/groupcast/broadcast are achieved [1]:
	Agreements:
· 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.
Agreements:
· 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
Agreements:
· 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



In this contribution, some potential enhancements are discussed to support sidelink unicast/groupcast/broadcast. 
Discussion
Layer-1 IDs conveyed via PSCCH
As agreed in RAN1#94bis, both layer-1 destination ID and layer-1 additional IDs(layer-1 source ID and/or HARQ process number) are needed at least for the purpose of HARQ related operation. Meanwhile, RAN2 assumes that destination ID and source ID to be available to Layer 2, according to the following RAN2 agreement:
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 if defined, should be derived from the upper layer destination ID and source ID.  The derivation detail is FFS.
As for how to convey the L1 IDs in PSCCH, the following two methods were discussed:
· The layer 1 ID(s) is conveyed in the SCI, which is similar to the D2D layer 1 destination ID.
· The layer 1 ID(s) is used for CRC scrambling, which is similar to the RNTI of Uu. 
In our view, a UE may establish sidelink sessions with several UEs, and may also maintain several HARQ processes with each of the connected UEs. If the source ID and/or HARQ process number are used for CRC scrambling, the receiver UE has to perform blind decoding on the SCI to identify which UE and/or HARQ process a detected SL transmission belongs to, which increases the UE complexity and the processing delay. Therefore, we propose to convey layer 1 source ID and/or HARQ process number in SCI. In contrast, layer-1 destination ID has no such blind decoding problem, since UE only uses its layer-1 destination ID to receive the SCI, and for the sake of signaling overhead in the PSCCH, we slightly prefer to use the layer-1 destination ID to scramble the CRC.
[bookmark: _GoBack]Proposal 2: Layer 1 destination ID is used for PSCCH CRC scrambling. Layer 1 addition ID(s), i.e., source ID and HARQ process number, could be conveyed in SCI.
Support of sidelink unicast/groupcast
According to the agreement of RAN1#94 meeting, for a transmission for unicast or groupcast, RAN1 assumes that the UE has established the session to which the transmission belongs to. For unicast, UE needs to perform discovery in order to identify the neighboring UEs and perform session setup with some of the UEs that were found during discovery. For groupcast, besides discovery and session setup procedure, it may also require a group management procedure, to handle the case when one of the UEs in the group acts as the group manager. For instance, in the case of platooning, the vehicles should at least exchange information with the lead vehicle to join/leave the platoon, and the group manager will manage this communication group. The details for discovery/session-setup and group management procedure should be further studied and should be led by RAN2.From RAN1 perspective, the following potential enhancements for sidelink unicast and/or groupcast were identified inRAN1#94 meeting:
· HARQ feedback
· CSI acquisition
· Open loop and/or closed-loop power control
· Link adaptation
· Multi-antenna transmission scheme

HARQ feedback:
It is the first time for RAN1 to introduce HARQ feedback to sidelink unicast/groupcast. The starting point for the design consideration could be the HARQ mechanism on LTE/NR Uu link, including capability of carrying HARQ feedback on uplink data channel or one of several uplink control channel formats, and the flexible PDSCH-to-HARQ delay timing. For NR sidelink, the dedicated physical channels like PUCCH should be designed and used at least for HARQ feedback, e.g., the PSCCH format like PUCCH format 0 could be considered for NR sidelink. For groupcast, HARQ feedback is sent by each group member, and different PSCCH format may be used for groupcast. NR V2X is supposed to support multiple types of services with different latency requirements, and UE may also have different capabilities, so the flexible data-to-HARQ delay timing should be also supported in NR sidelink. 
Proposal 3:  Dedicated HARQ feedback channels should be considered for unicast and groupcast.
· NR PUCCH like mechanism could be a starting-point.
· Flexible PSSCH-to-HARQ feedback timing should be considered.
CSI acquisition:
To support the advance services, the mechanisms for improving spectrum efficiency, e.g., the multi-layer MIMO and high-order modulation, could be considered. To make these mechanisms possible, CSI report from the receiver is needed. The information related to MIMO, i.e., PMI, RI and LI, could be included in the CSI report at least for unicast.
Another question from last meeting is whether information representing the interference at receiver is useful in sidelink operation when it is available at the transmitter. From our view, the interference conditions of sidelink are very different than that 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 not to include the interference information in the CSI.
Proposal 4:  For the context of sidelink CSI,
· MIMO related information, e.g., PMI, LI, RI, could be reported at least for unicast.
· Not support delivery of information representing the interference at receiver to the transmitter.
For CSI acquisition, a RS for NR sidelink CSI measurement should be designed. These RSs can also be used to get the pathloss between the sidelink transmitter and receiver, which is used in sidelink power control. So, a dedicated RS transmitted on sidelink should be designed to support unicast/groupcast. The SRS/CSI-RS of Rel-15 NR could be a starting-point for the dedicated RS of NR sidelink.
Proposal 5:  RS for CSI acquisition and pathloss estimation should be designed on sidelink for unicast/groupcast.
· Rel-15 SRS/CSI-RS can be the starting point. 
Power control:
In LTE V2X, if the sidelink transmission is on the ITS band, UE will use its maximum power to send a sidelink packet, and if the sidelink transmission share the same carrier with the LTE Uu service, the pathloss between the eNB and the sidelink transmission UE is considered in order to limit interference to the LTE Uu service. However, in any case, the pathloss between transmission UE and reception UE is not counted in transmission power calculation in LTE V2X. 
For NR unicast and groupcast power control on sidelink, besides the target of limiting interference from sidelink to NR Uu on sharing carrier, the pathloss and the channel quality between the Tx UE and Rx UE should be also considered for the purposes of security protection and power-saving. Another enhancement for NR unicast/groupcast power control relates to the beamforming for high-frequency V2X transmission. In 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, meaning that, if beamforming is used for NR sidelink power control, both the impacts of beamforming on NR Uu and sidelink should be considered.
Proposal 6:  Power control should be supported for sidelink unicast/groupcast, and the following information should be considered in power control procedure:
· Pathloss between the Tx UE and base station.
· Pathloss and channel quality between the Tx UE and Rx UE.
· The impact of beamforming on Uu and the impact of beamforming on sidelink
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 also be supported to improve the reliability. In NR V2X, sidelink frequencies for FR1 and FR2 (i.e. up to 52.6 GHz) unlicensed ITS bands and licensed bands are considered in this SI. Given the high pathloss in high-frequency, beamforming and beam management are the key points for supporting sidelink unicast/groupcast and therefore should be considered for NR V2X. In addition to beamforming, multiple-layer MIMO could also be considered for unicast to improve the spectrum efficiency. The multiple-user MIMO for groupcast can be touched once the study of SU-MIMO in unicast case is completed.
Proposal 7:  For multi-antenna transmission scheme, the following topics should be studied:
· Transmission diversity
· Beamforming and beam-management for unicast/groupcast
· Multiple-layer MIMO for unicast.
Support of sidelink broadcast
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 advance 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 point 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 8:  How to support beam-sweeping with reasonable overhead should be further studied in NR sidelink broadcast.
Conclusion
In this paper, the support of sidelink unicast, sidelink groupcast and sidelink broadcast was discussed and the following proposals are given:
Proposal 1: Layer 1 destination ID, and layer 1 source ID if defined, should be derived from the upper layer destination ID and source ID.  The derivation detail is FFS.
Proposal 2: Layer 1 destination ID is used for PSCCH CRC scrambling. Layer 1 addition ID(s), i.e., source ID and HARQ process number, could be conveyed in SCI.
Proposal 3:  Dedicated HARQ feedback channels should be considered for unicast and groupcast.
· NR PUCCH like mechanism could be a starting-point.
· Flexible PSSCH-to-HARQ feedback timing should be considered.
Proposal 4:  For the context of sidelink CSI,
· MIMO related information, e.g., PMI, LI, RI, could be reported at least for unicast.
· Not support delivery of information representing the interference at receiver to the transmitter.
Proposal 5:  RS for CSI acquisition and pathloss estimation should be designed on sidelink for unicast/groupcast.
· Rel-15 SRS/CSI-RS can be the starting point. 
Proposal 6: Power control should be supported for sidelink unicast/groupcast, and the following information should be considered in power control procedure:
· Pathloss between the Tx UE and base station.
· Pathloss and channel quality between the Tx UE and Rx UE.
· The impact of beamforming on Uu and the impact of beamforming on sidelink
Proposal 7:  For multi-antenna transmission scheme, the following topics should be studied:
· Transmission diversity
· Beamforming and beam-management for unicast/groupcast
· Multiple-layer MIMO for unicast.
Proposal 8: How to support beam-sweeping with reasonable overhead should be further studied in NR sidelink broadcast.
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