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1 Introduction
At RAN1#94bis [2] the following agreements were made
Agreements:

· The following aspects about assistance information are studied for Mode 2(b)

· Which assistance information is used and how it is acquired

· Which UE sends assistance information

· How to deliver assistance information, including physical channel and UE behavior

· How assistance information is taken into account in determination of sidelink resource for transmission

· RAN1 to further study whether some or all of Mode-2(b) functionality is a part of Mode-2(a)(c)(d)

Agreements:

· The following aspects are studied for Mode 2(d)

· In which use cases/scenarios this mode is applicable

· What is the overall architecture for Mode-2(d) operation

· How to decide which UE schedules which other UE(s) and how to maintain this relationship

· What is the procedure of UE(s) when the scheduling UE disappears

· What is the scheduling UE behavior and signaling mechanism to schedule sidelink resources for transmission/reception for other UEs

· Which resources can be used to schedule other UEs 

· Inter- and intra-UE collision handling and sidelink resource allocation mechanisms across groups 

· RAN1 to further study whether or not some or all of the above aspects are applicable to 2(b)
In this contribution, the impacts of resource allocation for unicast and groupcast to RAN2 are considered in light of the above agreements.
2 Resource Allocation for Unicast and Groupcast
In LTE V2X, all transmissions on sidelink are of the broadcast type.  As a result, there were no attempts at developing techniques for link adaptation or feedback (e.g. HARQ).  In NR V2X, there is a need to develop AS-layer unicast/groupcast in order to more efficiently support new advanced use cases.  

Since NR V2X will still support broadcast transmissions that do not rely on any UE feedback for link adaptation, UE autonomous resource selection based on pools will still be required for at least the broadcast case.  Furthermore, since unicast/groupcast should also be supported for out of coverage, the concept of resource pools should also apply for unicast/groupcast as well.  

Proposal 1:
Resource allocation for unicast/groupcast is based on the concept of pools.

One way to have unicast/groupcast coexist with broadcast is to split them into separate pools.  The advantage of such an approach is that it may facilitate the prioritization between unicast/groupcast and broadcast traffic.  It may also enable a better QoS predictability for unicast and groupcast.  For instance, unicast links with similar QoS requirements can be assigned to the same pool, and the pool configuration can be adapted accordingly (e.g. by configuring the time/frequency resources, the SCS, etc).  However, the disadvantage of this approach is it results in less efficient resource use due to fragmentation of resources.  It also results in a larger overhead for UEs which need to monitor both unicast/groupcast and broadcast pools separately.  In addition, having common pools avoids the issue of needing to properly scale the pool resources for unicast/groupcast/broadcast for the out of coverage/IDLE cases.  In this case, since the network/preconfiguration cannot be aware of the number/nature of existing unicast links, it either needs to overallocate pool resources or some dynamic methods of pool reconfiguration between UEs would be needed.  To avoid such complications, we can assume for the time being that priority handling in the resource allocation algorithms developed by RAN1 will be sufficient to handle the problems of pools sharing above.  
Proposal 2:
Resource allocation assumes common resources (e.g. pool) are shared between unicast, groupcast, and broadcast

Independent resource selection may be fine for broadcast but may not be the most efficient method resource selection for unicast/groupcast in all situations.  For this purpose, RAN1 is currently studying mode 2b and mode 2d, which in our opinion, is best suited for the case of unicast/groupcast.

Assistance information (as described in mode 2b from RAN1) can take different forms. Firstly, a UE having an established unicast/groupcast link at the AS requires HARQ feedback or channel state information in order select the MCS.  Since such channel state information may be frequency-dependant, and can be used in the resource selection process at the UE to select resources with the better channel properties.  Appropriate resource selection by the transmitting UE can also be performed using similar feedback.  These details will be studied further in RAN1. 

Observation 1:
Channel state information from a receiving UE can be used to select appropriate resources for mode 2 unicast/groupcast transmissions. 
Feedback related to channel availability can also be considered for unicast/multicast.  Specifically, a UE may provide sensing results or channel availability information determined at the receiver location to assist the transmitting UE with resource selection. However, such a mechanism may result in increased signaling overhead and latency.  
Other forms of assistance may be beneficial for the unicast/groupcast scenario due to possible well-defined timing relationships between transmissions of UEs in a unicast/groupcast link.  Specifically, there may be several scenarios where there is a natural timing relationship between UEs in a unicast/groupcast link:
· HARQ feedback

· A UE’s transmissions and the associated HARQ feedback transmissions by the receiving UE(s) may have a timing relationship that depends on the latency requirements of the transmission
· Link establishment/maintenance signalling 
· During signalling for establishment and maintenance of the L2 link, it is expected that UEs will communicate with each other in a request/respose fashion

· Certain use cases may have a natural timing relationship inherent in them
· In the platooning use case for example, there may be regular platoon maintenance message transmissions made sequentially by group members, or event-based transmissions (e.g. manouver notifications, relaying of messages among group) that may need to be transmitted by each subsequent member with well-defined timing requirements
Observation 2:
Well-defined timing relationships between UE transmissions may exist in unicast/groupcast  

Taking the platooning use case as a specific example, if regular platoon maintenance messages are exchanged, it may be expected that these messages have a defined timing relationship which possibly reflect the ordering of the vehicles in the platoon for example.  In addition, each of these messages has a distinct timing requirement (PDB or latency) and allocated or reserved resources should be available at the time in which the packet is generated.  In fact, alignment of packet generation with SPS resource allocation based on UE assistance information in LTE was based on this principle.

It may be beneficial to design resource selection methods which exploit these timing relationships.  For mode 2 transmissions this can be done by having a single UE perform resource selection for itself and other UE(s) at the same time, taking into account these timing relationships and requirements.  The UE performing resource selection can then ensure that the selected resources meet the specific timing relations of the multiple UEs.  The likelihood that the related transmissions are sent within their required timing is therefore increased.   
Observation 3:
Performing resource selection at one UE for unicast/groupcast transmissions may be more efficient in meeting latency requirements of each transmission. 
One way this could be implemented with the SCI-based forward booking mechanism in LTE would be for a UE to use timing relation information from upper layers and perform resource selection taking into account periodic transmissions of the entire group of UEs.  The SCI would further identify the group of UEs which are allowed to use such resource, and possibly the next UE in the sequence which needs to transmit.  At the occurance of the next forward booked resource, the next UE can use the resource and also forward book for a third UE, and so on.

Alternatively, the design of SCI in NR can be made such that it allocates multiple sub-resources, each sub-resource usable by a member of a unicast/groupcast link.
Each of the above examples provides some details of how to implement mode 2d in the context of RAN1 discussions.  Because the resource selection timing may depend on upper layer information or may require such information to be exchanged between the UEs, we think RAN2 should study this further. 
Proposal 3:
For unicast/groupcast transmissions in NR V2X, one UE can reserve resources usable by other UE(s).
In such case, RAN2 needs to study a number of aspects, including:

· Which UE performs the resource selection:
· For example, for the platoon use case, the platoon leader may always perform resource selection.  From the AS perspective, the platoon leader should receive an indication from upper layers that it has this role.  Alternatively, each of the UEs can perform resource selection (without explicit knowledge of the leader at the AS) with the understanding that the next resource being reserved/booked is usable by another UE. 

· What type of information needs to be exchanged for the resource selection:
· For the method to be useful, a UE performing resource selection needs to have some information about the relative timing of the transmissions and the amout of data each UE may be transmitting.
· What information needs to be exchanged for resource coordination:
· Each UE in a group needs to be aware of whether it can use a particular resource at a given time.
The application layer may be able to provide some of this information to the UE in certain cases.  However, other information may need to be derived by the AS layer and exchanged through control messages.
Proposal 4:
Resource coordination information for resource allocation in mode 2d can use AS information exchanged through control messages.  
3 Conclusion

In this contribution the following observations were made on resource allocation for unicast/groupcast:
Observation 1:
Channel state information from a receiving UE can be used to select appropriate resources for mode 2 unicast/groupcast transmissions. 

Observation 2:
Well-defined timing relationships between UE transmissions may exist in unicast/groupcast  

Observation 3:
Performing resource selection at one UE for unicast/groupcast transmissions may be more efficient in meeting latency requirements of each transmission. 

Based on these observations, the following conclusions were made:

Proposal 1:
Resource allocation for unicast/groupcast is based on the concept of pools.

Proposal 2:
Resource allocation assumes common resources (e.g. pool) are shared between unicast, groupcast, and broadcast

Proposal 3:
For unicast/groupcast transmissions in NR V2X, one UE can reserve resources usable by other UE(s).

Proposal 4:
Resource coordination information for resource allocation in mode 2d can use AS information exchanged through control messages.  
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