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Introduction
In the NR V2X SID [1], following objectives are captured.
	1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)
· Study sidelink synchronization mechanism
· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols
NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.
2: Uu enhancements for advanced V2X use cases [RAN1, RAN2, RAN3]:
· Evaluate whether Rel-15 NR Uu and LTE Uu interfaces will support advanced V2X use cases
· Identify enhancements, if any, that are needed to meet advanced V2X use cases
NOTE: Also consider other Rel-16 NR and LTE SI/WI enhancements to avoid overlap.
3: Uu-based sidelink resource allocation/configuration (LTE V2X Mode3-like and Mode4-like) [RAN1, RAN2]:
· Identify necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network 
· Identify necessary enhancements of NR Uu to control LTE sidelink from the cellular network 
4: RAT/Interface selection for operation [RAN2, RAN3]:
In coordination with SA2, study if additional mechanisms are required for decision on whether LTE PC5, NR PC5, LTE Uu or NR Uu shall be used for operation.
5: QoS management [RAN1, RAN2]:
· Study technical solutions for QoS management of the radio interface (including both Uu and sidelink) used for V2X operations based on input from SA2
6:  Coexistence [RAN1]:  
· In-device coexistence: Study the feasibility of the coexistence mechanisms when NR sidelink and LTE sidelink technologies are equipped in the same vehicle for the ‘not co-channel’ scenario: 
· Advanced V2X services provided by NR sidelink coexisting with V2X service provided by LTE sidelink in different channels (i.e., not co-channel).  Not co-channel could include both adjacent channel and channels that are sufficiently far apart.

NOTE: It is assumed that any coexistence requirements and mechanisms of NR sidelink with non-3GPP technologies will not be defined by 3GPP. 
Sidelink frequency: Sidelink frequencies for FR1 and FR2 (i.e. up to 52.6 GHz) unlicensed ITS bands and licensed bands are considered in the study. The target is to have a common sidelink design for both FR1 and FR2. The closing of the SI and the opening of the WI should not be dependent on the completion level of FR2, although it is targeted to complete SI aspects for both FR1 and FR2.


In this contribution, support of unicast, groupcast and broadcast for NR V2X will be discussed and our preference will be given.
Discussion
In Rel-14/15 V2X, only broadcast transmission was specified in PHY layer. However, NR V2X needs to support unicast, groupcast and broadcast to satisfy various service requirements, e.g., unicast communication between RSU and a vehicle-UE in a platoon, unicast communication for video data sharing between two vehicle-UEs, groupcast can be performed within platoon or a group of proximity-UEs for information sharing to support automated platooning/driving [2]. In the following, several aspects with respect to support of multiple communication types will be discussed, e.g., forming a UE group for groupcast, resource sharing between unicast, groupcast and broadcast and QoS management for unicast and groupcast.
UE grouping 
Similar as broadcast, groupcast transmission also targets multiple destination UEs. However, the number of destination UEs for groupcast can be limited compared to broadcast and the destination UE can be known by source UE, i.e., communication within a UE group. Therefore, procedure to form a UE group should be supported.
Moreover, UE grouping is not only used for groupcast transmission, as mentioned in our companion paper [3], if a header-UE is selected from a UE group, the header-UE can assist sidelink resource allocation within the UE group. Therefore, UE grouping procedure needs to support both above-mentioned aspects, e.g., UE grouping for groupcast transmission and UE grouping to assist sidelink resource allocation.
Proposal 1: Support UE grouping procedure in NR V2X.
For UE grouping procedure, 1) proximity-UE discovery, 2) selection of proximity-UE to form UE group, 3) establishing UE group can be considered as basic steps. At least step 1) and step 2) need to be studied in RAN 1.
In Rel-13 D2D communication, relay UE discovery and selection were specified to build UE-to-network relay from remote UE to base station as shown in Fig. 1. For relay UE discovery and selection, two discovery types were specified, i.e., a) relay UE initializes the discovery via transmitting announcement message and b) remote UE initializes the discovery via request message and relay UE replies an associated response. During discovery procedure, the discovery message is transmitted via D2D discovery channel (PSDCH) and SLSS is transmitted to assist sidelink measurement between relay UE and remote UE. For UE grouping procedure, similar behaviour is expected. Therefore, relay UE discovery and selection procedure can be a start point to study UE grouping procedure, but details on discovery signalling and whether PSDCH is used for UE grouping need to be studied carefully. Moreover, since UEs in a UE group can be in-coverage, it is beneficial that base station instructs the UEs to form a UE group, because base station has global knowledge of UE deployment and can perform a local network control from system perspective. Therefore, we have following proposal.
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Figure 1: Discovery of relay-UE via PSDCH by performing D2D discovery procedure

Proposal 2: Rel-13 D2D relay UE discovery and selection procedure can be a start point to study UE grouping procedure.
Proposal 3: Study the necessity to specify discovery channel (PSDCH) to support UE grouping procedure.
Proposal 4: Study UE grouping procedure based on base station instruction, e.g., using SL measurement report.

QoS management for unicast and groupcast
Ambitious service requirements were specified in TR 22.185 [4] for NR V2X. In order to meet the requirements, QoS management is beneficial to help to meet the service requirement. In LTE V2X, QoS management is mainly via CBR based congestion control, other link level QoS management methods are not supported, e.g., HARQ-ACK feedback, CSI feedback, closed loop power control and so on. Because broadcast transmission is assumed in LTE V2X. Since the number of links between source UE and destination UEs is large, support link level QoS management mechanism is problematic. In NR V2X, unicast and groupcast will be supported besides broadcast transmission, then link level QoS management can be supported at least for unicast and groupcast in NR V2X. More details about QoS management for unicast and/or groupcast are explained in our companion paper [5]. If link level QoS management is only supported for unicast and/or groupcast transmission, it is preferred to support method to distinguish unicast, groupcast and broadcast in PHY layer, because UE can reflect fast whether to conduct QoS management for certain transmission and what to feedback for QoS management in case that feedback information for unicast and groupcast is different. 
Proposal 5: Study link level QoS management mechanism at least for unicast and/or groupcast transmission, e.g., HARQ-ACK feedback, CSI feedback, SL pathloss compensation and closed-loop power control.
· FFS: Method to distinguish unicast, groupcast and broadcast in PHY layer
Resource sharing between unicast, groupcast and broadcast
In Rel-14/15 LTE V2X, broadcast transmission is performed on (pre)configured PSCCH and PSSCH resource. In NR V2X, besides broadcast transmission, unicast and groupcast transmission are potentially supported. Therefore, resource configuration for unicast, group and broadcast need to be studied, e.g., common PSCCH/PSSCH resource among unicast, groupcast and broadcast, or dedicated PSCCH/PSSCH resources among them need to be configured for each transmission type as shown in Fig. 2.
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Figure 2: Common/dedicated PSCCH/PSSCH resource for unicast, groupcast and broadcast


Common PSCCH/PSSCH resource among unicast, groupcast and broadcast
In Rel-14/15 LTE V2X, sidelink control information (SCI) on PSCCH is transmitted simultaneously with data transmission on associated PSSCH. From RX UE perspective, PSCCH is blind decoded. And then associated PSSCH will be decoded based on indication in SCI. In order to reduce blind decoding complexity, SCI scrambling sequence is fixed in the specifications, while data scrambling sequence is derived based on SCI CRC which is independent of UE ID.
If common PSCCH/PSSCH resource is configured among unicast, groupcast and broadcast, and Rel-14/15 SCI and PSSCH decoding behaviour is reused, it would be problematic to distinguish unicast, groupcast and broadcast. Then, support of link level QoS management in section 2 will be hindered. Therefore, method to distinguish unicast, groupcast and broadcast need to be studied, e.g., use different RNTIs to scramble PSSCH/PSSCH for them, but it is noted that RX UE blind decoding complexity will be a concern by assuming multiple RNTI for PSCCH/PSSCH scrambling.
Dedicated PSCCH/PSSCH resource configured for unicast, groupcast and broadcast respectively
If dedicated PSCCH/PSSCH resource configured for unicast, groupcast and broadcast respectively, the benefit is that unicast, groupcast and broadcast can be distinguished easily. However, the primary concern is resource inefficiency. In other words, if the resource is configured semi-statically when unicast, groupcast and broadcast traffic varies dynamically, resource waste will occur. 
Proposal 6: Study the following PSCCH/PSSCH configuration for unicast, groupcast and broadcast transmission.
· Common PSCCH/PSSCH resource configuration among unicast, groupcast and broadcast
· Dedicated PSCCH/PSSCH resource configured for unicast, groupcast and broadcast respectively

Conclusion
In this contribution, support of unicast, groupcast and broadcast has been discussed. Based on the discussion, the following proposals were made:
Proposal 1: Support UE grouping procedure in NR V2X.
Proposal 2: Rel-13 D2D relay UE discovery and selection procedure can be a start point to study UE grouping procedure.
Proposal 3: Study the necessity to specify discovery channel (PSDCH) to support UE grouping procedure.
Proposal 4: Study UE grouping procedure based on base station instruction, e.g., using SL measurement report.
Proposal 5: Study link level QoS management mechanism at least for unicast and/or groupcast transmission, e.g., HARQ-ACK feedback, CSI feedback, SL pathloss compensation and closed-loop power control.
· FFS: Method to distinguish unicast, groupcast and broadcast in PHY layer
Proposal 6: Study the following PSCCH/PSSCH configuration for unicast, groupcast and broadcast transmission.
· Common PSCCH/PSSCH resource configuration among unicast, groupcast and broadcast
· Dedicated PSCCH/PSSCH resource configured for unicast, groupcast and broadcast respectively
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