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Introduction
Followings were agreed in last meeting,
Agreements:
· RAN1 assumes that higher layer decides if a certain data has to be transmitted in a unicast, groupcast, or broadcast manner and inform the physical layer of the decision. For a transmission for unicast or groupcast, RAN1 assumes that the UE has established the session to which the transmission belongs to. Note that RAN1 has not made agreement about the difference among transmissions in unicast, groupcast, and broadcast manner.
· 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

This contribution is update of R1-1808646 and shows our views on supporting unicast, groupcast and broadcast via NR sidelink accordingly.
Discussion
SL enhancement for unicast 
HARQ has been proved as a necessary and essential for link adaptation in LTE/NR so it should be supported for unicast communication as well. The remaining question is what timing, granularity and channel are used for supporting HARQ feedback. In our view basically existing NR features should be reused as much as possible, for example asynchronous HARQ feedback thanks for timing indicator in sidelink control format, CBG based feedback information (as well as CBG based transmission information indication). For the feedback channel, to use (or reuse) PSCCH can be the starting point. It is FFS whether specific resource pool is designed for feedback channel.
Regarding CSI acquisition, channel reciprocity should be considered to reduce feedback overhead. However, it is necessary to design which reference signal is used for CSI calculation. To rely on sidelink SS or PSBCH may not obtain accurate CSI information especially considering 160ms or longer periodicity of these channels. UE may need to periodically or be triggered to transmit CSI-RS for CSI calculation purpose. 
Regarding power control, open loop could be the baseline. The pathloss calculation should take effect even in out of network coverage by setting non-zero alpha (alpha is zero for out of coverage scenario in LTE V2X). In addition, the pathloss calculation could be based on UEs’ real pathloss measurement instead of pathloss measurement between UE and base station. It is unclear if closed power control would provide additional gain. 
Regarding multi-antenna transmission scheme, like the discussion in LTE V2X, transmit diversity can be considered. Precoder calculation is same as above discussion on CSI acquisition. Beam sweeping aspect needs more discussions as it may impact many aspects on sidelink channel design. 
But generally the principles on unicast communication design should be reusing current NR features as much as possible while overhead/complexity is considered. We propose following,

Proposal 1: For SL enhancement of unicast, existing NR features should be used as much as possible while overhead/complexity is considered.

SL enhancement for groupcast
The design for groupcast could be more complicated than unicast. It is difficult for all Rx UEs to feedback CSI due to overhead and complexity concerns. Certain Rx UE within the group may be appointed to feedback but the performance gain is unsure as different UE’s channel situation could be different. So easier way may be no CSI acquisition like broadcast transmission adopted in LTE V2X. 
[bookmark: _GoBack]For power control, the mechanism can be designed, for example which Rx UE is selected to calculate the pathloss for Tx UE’s power control is based on largest path loss difference of Rx and Tx within the group. Instead of largest path loss difference, to take largest locational distance may be another alternative to alleviate the complexity, which needs to calculate all Rx UEs’ pathloss (even final power) and select the maximum power for transmission. 
For multi-antenna transmission scheme, beam sweeping and transmit diversity are useful but the details can be discussed further. 
Proposal 2: For SL enhancement for groupcast, no CSI acquisition is adopted. Open-loop power control based on Rx of largest pathloss can be considered. FFS on multiple-antenna transmission scheme. 

Categorization on resource pools for different traffics
In LTE sidelink V2X, the concept of resource pool has been introduced and it provides periodic time/frequency resources via bitmap for sidelink operation, which is logically continuous within the resource pool. In addition, as only broadcast is supported in physical layer, every vehicle configured or preconfigured with the same resource pool can decode the relevant data/control channel for sensing. With introducing unicast and groupcast like transmission manners in NR sidelink, one vehicle may not decode other vehicle’s channel even if they are using the same resource pool. Such property would have some impact to current sensing mechanism in LTE. Two traffics with different sensing/resource selection mechanisms may have some problem to share the same resource pool. Therefore, how to configure or preconfigure the resource pools is a problem assuming the concept of resource pool will be reused in NR sidelink due to its merit on resource separation.
Ideally separate resource pool is better but large number of resource pools would have poor resource utilization. In addition, for each type of transmission (unicast, groupcast, broadcast), the traffic could be periodic and aperiodic. The requirement on sensing/resource selection mechanism would also be different. If each type of traffic (e.g., periodic broadcast, aperiodic unicast, periodic unicast) requires separate resource pool, UE has to be configured/preconfigured too many resource pools. To avoid such situation, some tradeoff needs to be considered. One possibility is resource pool is separated only for periodic and aperiodic traffics regardless of unicast, groupcast and broadcast, as shown in Figure 1, in which periodic traffics use one sensing mechanism (sensing mechanism 1) and aperiodic traffics use another sensing mechanism (sensing mechanism 2). One example on sensing mechanism 1 for periodic traffic is the one used in LTE V2X. For sensing mechanism 2 for aperiodic traffic, some enhancement on sensing procedure is needed to support aperiodic traffics seeing sensing is only used to support SPS like traffic in LTE V2X.
[image: ]
Figure 1. Resource pool separation is via periodic and aperiodic 

Another possibility on resource pool separation is via unicast, groupcast or broadcast regardless of periodic or aperiodic as shown in Figure 2. It has merit on avoiding mutual impact among different traffics (uncast, groupcast and broadcast). Within the same resource pool, the sensing /resource selection mechanism may be further optimized for periodic and aperiodic traffics separately. To further reduce the number of resource pools, groupcast traffic may be categorized in the same resource pool for unicast. 
[image: ]
Figure 2. Resource pool separation is via unicast, groupcast or broadcast 

Based on above discussions, we propose 
Proposal 3: Discuss how to separate resource pools based on different traffic types. At least 1) Separation via periodic and aperiodic or 2) separation via unicast, groupcast and broadcast are two options.

In last meeting following agreed, 
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

From our perspective, at least mode 1 and mode 2-a) (like mode 3 and mode 4 in LTE V2X) should be supported first. Other modes could be further studied. More details have been discussed in our accompanying contribution [1].
Therefore, we propose, 
Proposal 4: Unicast, groupcast and broadcast are supported for mode 1 and mode 2-a) like operations for NR sidelink. Other modes are further studied.
Conclusion
In this contribution supporting unicast, groupcast and broadcast transmissions in physical layer are discussed and following proposals are proposed, 
Proposal 1: For SL enhancement of unicast, existing NR features should be used as much as possible while overhead/complexity is considered.
Proposal 2: For SL enhancement for groupcast, no CSI acquisition is adopted. Open-loop power control based on Rx of largest pathloss can be considered. FFS on multiple-antenna transmission scheme.
Proposal 3: Discuss how to separate resource pools based on different traffic types. At least 1) Separation via periodic and aperiodic 2) separation via unicast, groupcast and broadcast are two options.
Proposal 4: Unicast, groupcast and broadcast are supported for mode 1 and mode 2-a) like operations for NR sidelink. Other modes are further studied.
Reference
 [1] R1-1810953, “Discussion on resource allocation mechanism for NR sidelink”, Panasonic 
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