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Introduction
At the RAN#80 meeting, the study item on NR V2X was approved [1]. Study of technical solutions for support of sidelink unicast, groupcast and broadcast modes of operation is one of the major study item objective. Further, at RAN1#94, RAN1#94bis, and RAN1#95, the following basic agreements were made:
	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
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,  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, we discuss aspects of unicast and groupcast sidelink communication related to resources allocation. General resource allocation design is presented in [8] mainly focusing on broadcast type of operation. Views on other NR V2X design aspects are summarized in companion contributions [5]-[12].
Intra and Inter-UE Collision Management
Half-Duplex in Groupcast
There are a few scenarios currently on the table which are assumed to be handled by groupcast type of V2V communication:
· Platooning
· Cooperative manoeuver
· Etc.
In our understanding, there could be more than one group where a UE holds membership. The groups may either be dynamically formed (e.g. coordinated manoeuver, sensor sharing) or be relatively semi-static (e.g. platooning). Due to the fact that the group may be very dynamic, context setup for every group may impose a huge overhead. Therefore, the “connection-less” groupcast communication may be more suitable for NR V2X design assumption.
Following the connection-less paradigm of groupcast communication, it is crucial to minimize differences with broadcast type of communication in the same time optimizing the performance for this specific communication type.
First of all, in this particular case the resource collision for transmission and reception may need to be managed at some level. For example, it should be avoided that more than one member of a group transmit data towards other members in the same resource. Such collided transmissions may not only interfere at a receiver, they may also lead to the cases where the transmitting UEs miss each-other transmissions without chances for retransmission. The following high level mechanisms can be studied to solve the intra-group collision issues:
“Proactive” half-duplex collision management type
· Higher layer floor control. One can assume there is a floor control function at higher layers which precludes simultaneous message transmission within a group. At this point it is not clear what level of floor control can be deployed in a V2X system especially given the considerations on dynamic group formation.
· Group resource management. There may be a group member ID management function which ensures the UEs in the group know each other’s unique group member ID so that these IDs may be unambiguously mapped to transmission resources in time domain multiplexing manner.
· Channel access resource selection avoiding group collisions. Given that the group management functions may operate at relatively long time scale due to higher layer exchange, a lower layer collision avoidance mechanism may be needed for the faster time scale operation. In one example, the half-duplex collisions may be minimized during resource selection procedure so that time domain resources known (from prior transmissions) to be used by group members are given lower priority / weight for selection. For example, if there are near equally loaded resources in two different slots and one of the slots is known to be also used for group member transmission, the slot(s) without group member transmissions or with minimized number of group member transmissions may be prioritized for selection. This is illustrated in Figure 1, where light blue coloured zone is considered as candidate set although the light orange zone is also unoccupied while has half-duplex collision issue,


[bookmark: _Ref534635600]Figure 1. Illustration group-collision-aware channel access and resource selection
“Reactive” half-duplex collision management type
· RX side collision indication. Another option to resolve half-duplex collisions in a group is to enable UE(s) which detect multiple simultaneous transmissions towards the same group ID to send NACK or to send a dedicated signal with collision announcement.
It is expected that at least one proactive and at least one reactive mechanism need to be designed in order to ensure high reliability requested by the NR V2X advanced use cases. 

Proposal 1: 
For NR V2X, support intra-group half-duplex collision avoidance mechanisms
Study further group resource management and intra-group collision aware channel access mechanisms as proactive mechanisms
Study further group HARQ-ACK feedback based collision avoidance and dedicated collision announcement signalling as reactive mechanisms

General TX and RX Conflicts
Besides the described scenario of groupcast communication, a UE may operate even with different services simultaneously, i.e. groupcast, unicast, broadcast, where each service may contain traffic of different QoS. Furthermore, some of the traffic may require additional transmissions (e.g. SFCI, reservation, pre-emption) and some not. All this may lead to situations when more than one signal may be pending for transmission or reception.
It is natural to apply prioritization between different procedures based on QoS indicators such as priority, reliability, latency etc. In case of similar QoS, different service types may be prioritized either based on UE implementation / constraints or based on further tie-breaking rules. For example, unicast may prioritized over broadcast etc. or, sidelink measurements may be used to decide which one to prioritize. Also, in another example if different links request SFCI transmission in collided resources and there is equal QoS, ACK transmission may be prioritized over NACK so that DTX is detected on one link and ACK is detected on another link that leads to similar result as sending both ACK and NACK.
Proposal 2: 
For NR V2X, support resolving intra-UE collisions based on prioritization using QoS attributes
In case of equal/similar QoS, apply service type based prioritization and sidelink measurements

RX Assistance
When unicast sidelink communication is considered, more opportunities become possible for sidelink performance optimization. In particular, sophisticated link adaptation and power control techniques can be in consideration. The unicast communication in sidelink eV2X radio-environments may be challenging due to various traffic mixture as well as mobile vehicular-environments and dynamic interference. Therefore the specific standardized techniques for CQI reporting and link adaptation become challenging and less valuable. These aspects are discussed in more details in our companion contribution on sidelink procedures [6].
On the other hand possibility of feedback is a unique attribute for unicast communication links and thus should be exploited as much as possible without substantially violating common channel access principles and resource reservation concepts. Besides transmission of the HARQ feedback carried in SFCI/PSFCH, in case of unicast links receiver may be able to assist in resource selection for transmission, given that information at the TX side is not optimal due to possibly asymmetric interference conditions.
The assistance information has definite benefits under certain conditions. For example, as showed in our previous contribution [4], in case of periodic traffic it may help to establish unicast communication in resources seen least congested at both TX and RX sides and therefore minimize hidden-node interference effects. However in aperiodic traffic conditions, depending on system loading and number of repetitions for a transmission, assistance information may not be always useful, especially if it is concerned with additional signal exchange. The additional signal exchange may in some cases introduce more interference into the system as well as delay data transmission.


[bookmark: _Ref513305204]Figure 2. Illustration of distributed scheduling mode with RX assistance.

In order to minimize additional signal exchange, the assistance information may be multiplexed with HARQ feedback carried in SFCI as illustrated in Figure 3. The assistance information may in extreme case just replicate the reservation information sent by the transmitter so that UEs surrounding the receiver can exclude them from selection windows. As it is discussed [6] even in case of HARQ operation, the retransmission resources should be signalled in advance, thus may be known to the receiver from initial SCI.


[bookmark: _Ref534966815]Figure 3. Assistance sent with SFCI.

Proposal 3: 
In case of unicast operation, support sidelink RX assistance (SG-SCI) sent in response to:
Standalone PSCCH, and/or
SCI scheduling PSSCH
Support inclusion of information from SG-SCI to resource selection procedures of all UEs detected this signal

Conclusions
In this contribution, we have discussed aspects specific to groupcast and unicast communication not covered as part of HARQ, CSI physical layer procedures. Based on the discussion and analysis we have the following proposals:
Proposal 1: 
For NR V2X, support intra-group half-duplex collision avoidance mechanisms
Study further group resource management and intra-group collision aware channel access mechanisms as proactive mechanisms
Study further group HARQ-ACK feedback based collision avoidance and dedicated collision announcement signalling as reactive mechanisms
Proposal 2: 
For NR V2X, support resolving intra-UE collisions based on prioritization using QoS attributes
In case of equal/similar QoS, apply service type based prioritization and sidelink measurements
Proposal 3: 
In case of unicast operation, support sidelink RX assistance (SG-SCI) sent in response to:
Standalone PSCCH, and/or
SCI scheduling PSSCH
Support inclusion of information from SG-SCI to resource selection procedures of all UEs detected this signal
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