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Introduction
In RAN1#94 meeting, following agreements were made [1].
	Agreements:
· 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
Agreements:
· 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:
At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication
· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources
Notes:
· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 
· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
a) UE autonomously selects sidelink resource for transmission
b) UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs
RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication


In this contribution, further discussion about support of unicast, groupcast and broadcast based on RAN1#94 agreements will be made 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 discussion, we will focus on some outstanding issues when supporting unicast and/or groupcast transmission in NR SL.
Source ID and destination ID
In RAN1#94 meeting, it was agreed high layer will decide the transmission types, i.e., unicast, groupcast or broadcast. And PHY layer will know the destination and/or source ID of the transmission. But how to use the ID(s) in PHY layer was not discussed. In the following, the usage of destination/source ID will be discussed.
In LTE V2X, neither source ID nor destination ID were carried by SL in PHY layer considering that only broadcast transmission was supported in PHY layer. In NR V2X, the destination ID indication can be supported in low layer. There are mainly two reasons. Firstly, by identifying the destination ID, TX UE can be aware that the control signalling is targeting its transmission. For example, when TX resource is scheduled by another UE, the destination of the scheduling command is indicated, then TX UE can understand which scheduling command is associated with its transmission. Another example is that when RX UE receives a unicast and/or groupcast data or SCI associated with the data, it needs to be aware that the message is delivered for itself. Subsequently it should also be able to perform quick feedback on received message, e.g., HARQ-ACK. Secondly, if the data and/or associated SCI is scrambled based on ID information, inter-UE interference randomization can be realized. 
Proposal 1: Support to indicate destination ID in low layer for unicast and/or groupcast transmission in SL.
Moreover, if destination ID is indicated in low layer, how to indicate the ID should be studied as well. Generally, three methods can be considered, i.e., 1) ID is directly inserted in SCI, 2) ID directly inserted in SCI MAC CE or 3) ID is used to scramble the message, i.e., data and/or associated SCI.
For 1), if ID information inserted in SCI, there will be heavy SCI signalling overhead. Therefore, it should be avoided to insert explicit ID information in SCI. 
For 2), if destination ID is inserted in MAC CE, only data transmission can be marked by destination ID. 
For 3), if ID is used to scramble the message, blind detection complexity may be increased. As we agreed in RAN1#94 meeting, destination IDs for unicast, groupcast and/or broadcast cast can be different, e.g., destination ID is used for unicast, while destination group ID is used for groupcast. If RX UE assumes all transmission types can share the same SL resource, it requires blind detection by assuming different scrambling sequences, which increases decoding complexity. In order to reduce the blind decoding complexity, use of dedicated orthogonal resources for unicast, groupcast and broadcast can be considered.
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Figure 1: Dedicated resources for unicast, groupcast and broadcast

Observation 1: Destination ID can be indicated in low layer by inserting destination ID in SCI content, MAC CE or using destination ID to scramble transmitted message.
· Inserting destination ID in SCI will incur large SCI overhead.
· MAC CE to carry destination ID is applicable only for data transmission.
· Scrambling method may introduce blind detection complexity by assuming shared resource between unicast, groupcast and broadcast.
Proposal 2: Carefully study how to indicate the destination ID in low layer considering signalling overhead, transmission message type (e.g., data or control), UE decoding complexity.

SL enhancement for unicast and groupcast
Ambitious service requirements were specified in TR 22.886 [2] for NR V2X. In order to meet the requirements, it is beneficial to support link level enhancement, e.g., HARQ-ACK feedback, CSI feedback, closed loop power control and so on. For broadcast transmission, as the number of links between source UE and destination UEs is large, link level feedback is problematic. Therefore, the SL link level enhancement should focus only on unicast and groupcast transmission. In the following, HARQ-ACK feedback, CSI feedback, closed loop power control for unicast and groupcast will be discussed in detail.
HARQ-ACK feedback
HARQ-ACK feedback can be supported in order to achieve higher transmission efficiency and reliability. Especially for mode 1, SL HARQ-ACK feedback can be easily supported by using UCI as shown in Fig.2(a). For mode 2, SCI needs to be enhanced to support transmission of HARQ-ACK on SL transmission as shown in Fig.2(b).
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Figure 2 HARQ-ACK feedback for SL transmission

Proposal 3: Support UCI to feedback HARQ-ACK for resource allocation mode 1.
Proposal 4: Support SCI to feedback HARQ-ACK for resource allocation mode 2.
CSI report
In NR V2X, link adaptation can be supported for better resource efficiency and higher transmission reliability. To support link adaptation, e.g., Modulation and coding scheme(MCS) and rank adaptation, CSI information is needed for mode 1 and/or mode 2-d. 
In a similar way with HARQ-ACK, CSI report using UCI can also be supported for mode 1 operation as illustrated in Fig.3. Regarding to mode 2 operation, if transmission link reciprocity is assumed, Tx UE can be aware of SL channel quality by receiving SS, RSs or packets from proximity-UEs. Hence, RAN1 should carefully study whether to support CSI report on SCI.
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Figure 3 SL CSI report to assist base station scheduling

Proposal 5: Support CSI report on UCI for Uu-based scheduling.
· FFS: Whether to support CSI report on SCI.
Transmission power control
In LTE V2X, only open-loop power control is used, because only broadcast transmission is supported in LTE V2X PHY layer. Aiming for cell capacity/efficiency and transmission range control, accurate transmission power control (TPC) with SL pathloss measurement and closed-loop power control can be considered in NR V2X, especially for unicast and groupcast transmission. Subsequently, for the closed-loop power control, TPC command on DCI and SCI can be supported for SL transmission based on mode 1 and mode 2-d resource allocation/scheduling mechanisms respectively. On the other hand, one potential issue on SL pathloss compensation comes from vehicle blockage. When UE is in vehicle blockage, measured SL pathloss gets larger, and then UE transmission power gets lager, which causes interference to proximity UEs. Therefore, some mechanism to avoid increasing interference due to vehicle blockage is needed. A possible solution is to stop SL pathloss compensation when blockage is detected, where details on vehicle blockage detection procedure is FFS. Moreover, whether/how to support pathloss compensation for groupcast should also be studied.
Proposal 6: Support SL pathloss compensation and closed-loop power control at least for unicast SL transmission.
· FFS: UE behavior in vehicle blockage, e.g., stopping pathloss compensation when blockage detected, including details on vehicle blockage detection.
· FFS: Whether/how to support them for groupcast.
Proposal 7: Support DCI and SCI to indicate SL TPC command for SL transmission based on mode 1 and mode 2-d resource allocation/scheduling mechanisms respectively.
· FFS: Details on DCI/SCI design.
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 to indicate destination ID in low layer for unicast and/or groupcast transmission in SL.
Observation 1: Destination ID can be indicated in low layer by inserting destination ID in SCI content/MAC CE or using destination ID to scramble transmitted message.
· Inserting destination ID in SCI will incur large SCI overhead.
· MAC CE to carry destination ID is applicable only for data transmission.
· Scrambling method may introduce blind detection complexity by assuming shared resource between unicast, groupcast and broadcast.
Proposal 2: Carefully study how to indicate the destination ID in low layer considering signalling overhead, transmission message type (e.g., data or control), UE decoding complexity.
Proposal 3: Support UCI to feedback HARQ-ACK for resource allocation mode 1.
Proposal 4: Support SCI to feedback HARQ-ACK for resource allocation mode 2
Proposal 5: Support CSI report on UCI for Uu-based scheduling.
· FFS: Whether to support CSI report on SCI.
Proposal 6: Support SL pathloss compensation and closed-loop power control at least for unicast SL transmission.
· FFS: UE behavior in vehicle blockage, e.g., stopping pathloss compensation when blockage detected, including details on vehicle blockage detection.
· FFS: Whether/how to support them for groupcast.
Proposal 7: Support DCI and SCI to indicate SL TPC command for SL transmission based on mode 1 and mode 2-d resource allocation/scheduling mechanisms respectively.
· FFS: Details on DCI/SCI design.
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