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Introduction
In the RAN1#94 meeting, NR V2X design aspects were initially discussed. Following agreements have been achieved for unicast, groupcast and broadcast in sidelink.
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

In this contribution, we share some considerations on design related issues for unicast, groupcast and broadcast.
[bookmark: _Ref228947482]Discussion
In LTE V2X, broadcast is mainly supported to convey safety related messages. For NR V2X, SA1 has identified enhanced use cases for V2X services which have more stringent requirements on latency, reliability and data rate [1]. In addition to broadcast, unicast and groupcast are also important and necessary in terms of fulfilling the requirements of some advanced services. For example, if a large amount of information, such as sensing results or video data, needs to be exchanged between two vehicles, unicast would be more favorable; for vehicle platooning, the leading vehicle can transmit common information to the other vehicles by groupcast. New features are expected to be introduced to support unicast, groupcast and broadcast in NR V2X. Some design aspects on unicast, groupcast and broadcast are discussed as follows.
Unicast
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK6][bookmark: OLE_LINK7]HARQ-ACK feedback is beneficial for meeting the reliability requirement and thus can be considered for unicast. If a UE determines resources for unicast transmission (mode 2), HARQ-ACK will be transmitted to the UE. To avoid collisions, a UE can have a freedom to determine resources to transmit HARQ-ACK just like the way a mode-2 UE transmits PSCCH and PSSCH. HARQ-ACK can be carried by already defined physical channels (e.g. PSCCH) or newly defined physical channels (e.g. NR-like PUCCH). Reusing existing physical channels may in some degree simplify system design, but still some issues need to be considered. Probably an intuitive question is how to identify whether PSCCH is for scheduling data or for indicating HARQ-ACK. Furthermore, if HARQ-ACK would be transmitted together with CSI (if CSI feedback is supported), PSSCH may be considered to accommodate possible big feedback overhead as shown in Figure 1 Case B. Also, if the UE performing HARQ-ACK feedback happens to have data to be transmitted to the same destination UE, HARQ-ACK piggyback on PSSCH may be considered as shown in Figure 1 Case C. Therefore, PSCCH may have more than one usage as shown in Figure 1. When receiving PSCCH, a UE should be able to identify what purpose the PSCCH is used for.


Figure 1 Examples of conveying HARQ-ACK by PSCCH
Proposal 1: If HARQ-ACK can be carried by PSCCH, methods to identify whether a received SCI is for scheduling data or for indicating HARQ-ACK should be studied.
If defining new physical channels to carry HARQ-ACK and possible CSI if supported, NR-like PUCCH can be used as a starting point. The uniform structure may ease the coexistence between sidelink and NR Uu on a shared licensed carrier. For example, the “uplink” and/or “flexible” symbols in a self-contained NR slot may be utilized by sidelink to feedback HARQ-ACK/CSI. Also NR-like PUCCH has the capability to multiplex UCI of multiple UEs. If the requirements on such multiplexing capacity are to be met, e.g., a RSU may receive HARQ-ACK/CSI from multiple UEs, NR-like PUCCH can be beneficial in terms of improving spectral efficiency. However, the impact of power imbalance among different UEs should be considered and power control may need to be further studied. Since NR-like PUCCH is a new physical channel, the coexistence with PSCCH and PSSCH, and the potential impact from AGC, guard period and DM-RS etc. should be carefully considered. 
Proposal 2: If HARQ-ACK can be carried by newly defined physical channels, at least NR-like PUCCH can be used as a starting point. 
If a base station schedules sidelink resources for unicast (mode 1), HARQ-ACK report to the base station through NR Uu can be considered. Reporting HARQ-ACK to the base station can be seen as a way of requesting retransmission resources from the base station. By this way, a more timely resource request can be achieved compared with using SR. This is due to the fact that a UE can directly follow HARQ-ACK timing to transmit HARQ-ACK, whereas a UE may have to wait for an available SR occasion to transmit SR. Reporting HARQ-ACK to the base station can also facilitate retransmission scheduling. Since the base station has global control over resource allocation of in-coverage UEs, adaptive retransmission can be achieved with less collisions, more efficiency and higher flexibility. Some details may need to be studied for HARQ-ACK report. Assuming unicast between two in-coverage UEs, denoted as source UE and target UE as shown in Figure 2, one potential issue is which UE reports HARQ-ACK to the base station. Furthermore, if the target UE reports HARQ-ACK, how the UE acquires HARQ related information, e.g. HARQ-ACK timing and resource, also needs to be studied.


Figure 2 HARQ-ACK transmitted by which UE?
Proposal 3: Reporting HARQ-ACK through NR Uu should be considered at least for Mode 1 where the base station schedules sidelink transmissions.
If the latency requirement is stringent, blind retransmission or repetition can be used where retransmission does not have to wait for HARQ-ACK feedback. Also blind retransmission or repetition can work together with HARQ-ACK based retransmission. Since high reliability and low latency may be both required, the number of blind retransmissions or repetitions needs to be increased compared with LTE V2X (the repetition number is 2 in LTE V2X), and continuous transmissions in time can also be considered. 
Proposal 4: Blind retransmission or repetition can be supported together with HARQ-ACK based retransmission. 
CSI is beneficial for fulfilling the requirement of high data rate and thus can be considered for unicast. CSI acquisition will be based on specific RS. For sidelink, whether to use CSI-RS or SRS type of RS may depend on the choice of waveform, the supportable number of antenna ports, and whether multiplexing of multiple UEs are supported. From the spectral efficiency perspective, it may be worth to consider multiplexing RS and data within a sidelink slot and transmitting RS on “uplink” and/or “flexible” symbols in a self-contained NR Uu slot. If CSI such as CQI, PMI, RI needs to be reported, as aforementioned, the physical channel(s) to carry CSI, CSI piggyback on PSSCH and CSI multiplexing with HARQ-ACK can be further considered. Also whether and how to support periodic and aperiodic CSI report should be further studied.
Proposal 5: If CSI can be carried by PSCCH/PSSCH, how to identify whether received PSCCH/PSSCH is for conveying CSI may need to be studied. If CSI can be carried by newly defined physical channels, at least NR-like PUCCH can be used as a starting point.
Groupcast
[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: _GoBack]Groupcast can be supported for NR-V2X. For example, groupcast is beneficial for the scenario of vehicle platooning where a leading vehicle can transmit common information to the other vehicles in the group. If HARQ-ACK feedback is introduced for groupcast to improve reliability, how to determine HARQ-ACK resources needs to be considered for groupcast where multiple receiving UEs can send HARQ-ACK to one transmitting UE. Assigning a dedicated HARQ-ACK resource for each UE may lead to a large resource overhead, or cause HARQ-ACK loss if available resources are not sufficient. Sharing HARQ-ACK resources among UEs may need new physical channel design. Some other related issues may also need to be considered, such as how to indicate and coordinate HARQ-ACK timing for different UEs, what if the transmitting UE does not receive some HARQ-ACK, how to multiplex HARQ-ACK from multiple UEs and so on. Besides HARQ-ACK feedback, how to perform retransmission is also worth to be considered. For example, retransmission by using unicast can be considered to enhance reliability, i.e. retransmission is only performed towards UEs who have reported “NACK”. 
Proposal 6: Even if HARQ-ACK feedback is supported for unicast, whether to support HARQ-ACK feedback for groupcast needs to be separately and further considered from the requirement and feasibility.
CSI can be also beneficial for achieving high data rate in groupcast. However, the conventional CSI acquisition procedure employed in unicast does not work well due to the unacceptably high feedback overhead, and CSI report relying on both narrowband and wideband does not work properly due to the higher speed and groupcast transmission behaviors. Therefore, a new CSI feedback mechanism for groupcast should be considered. More details can be found in a companion contribution [2].
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 7: If CSI feedback is to be supported for groupcast, it is necessary to design a new CSI feedback mechanism.
Broadcast
Broadcast has been supported in LTE V2X, however, the design is mainly targeted at periodic traffic. NR V2X needs to support diverse use cases, and some of them have aperiodic types of traffic [3]. Therefore, how to effectively support aperiodic traffic is an important issue for NR V2X. More considerations are required for mode 2 where a UE autonomously determines resources for sidelink transmission. Actually the issue on supporting aperiodic traffic can be common for unicast, groupcast and broadcast. Whereas, for groupcast (or unicast), another possibility could be that a leading UE does some kind of scheduling work. Due to the unpredictability of aperiodic traffic, sensing results if reusing LTE-V2X mechanisms can easily become outdated. Therefore, other types of sensing such as LBT can be considered to reduce collisions. 
[bookmark: OLE_LINK8]Proposal 8: Enhanced sensing mechanisms such as LBT should be considered to adapt to aperiodic traffic.

Conclusions
In this contribution, we share some views on supporting unicast, groupcast and broadcast in NR V2X. Some design aspects are highlighted. The proposals are summarized as follows.
Proposal 1: If HARQ-ACK can be carried by PSCCH, methods to identify whether a received SCI is for scheduling data or for indicating HARQ-ACK should be studied.
Proposal 2: If HARQ-ACK can be carried by newly defined physical channels, at least NR-like PUCCH can be used as a starting point. 
Proposal 3: Reporting HARQ-ACK through NR Uu should be considered at least for Mode 1 where the base station schedules sidelink transmissions.
Proposal 4: Blind retransmission or repetition can be supported together with HARQ-ACK based retransmission. 
Proposal 5: If CSI can be carried by PSCCH/PSSCH, how to identify whether received PSCCH/PSSCH is for conveying CSI may need to be studied. If CSI can be carried by newly defined physical channels, at least NR-like PUCCH can be used as a starting point.
Proposal 6: Even if HARQ-ACK feedback is supported for unicast, whether to support HARQ-ACK feedback for groupcast needs to be separately and further considered from the requirement and feasibility.
Proposal 7: If CSI feedback is to be supported for groupcast, it is necessary to design a new CSI feedback mechanism.
Proposal 8: Enhanced sensing mechanisms such as LBT should be considered to adapt to aperiodic traffic.
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