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Introduction
The Release-17 NR sidelink enhancement work item was initially approved in Dec. 2019 [1]. The work item descriptions (WID) were updated in [2]. 

One of the objectives of NR sidelink enhancement work item is resource allocation enhancement. Two aspects of resource allocation enhancement are considered: 1). specify resource allocation to reduce power consumption of the UEs; 2). study the feasibility and benefit of the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR.

The second aspect was discussed in RAN1 #102-e meeting [3]. Although no agreement was reached on this aspect, the following proposals summarized in [4] are considered as reference which will continue to be discussed in RAN1 #103-e meeting.

FL Proposal 1:
· When a set of resources determined at UE-A is sent to UE-B in mode 2 and UE-B takes this into account in the resource selection for its own transmission,
· for the definition of “a set of resources”, at least followings can be considered:
· Resource set which is preferred for UE-B’s transmission
· e.g.,
· Resource set which is preferred for UE-A’s reception
· Resource set which is preferred for intended receiver(s) of UE-B’s transmission 
· Resource set which is preferred not to be used by UE-B’s transmission
· e.g.,
· Resource set which is not preferred for UE-A’s reception
· Resource set with a problem for intended receiver(s) of UE-B’s transmission
· FFS: whether the “resource set” in above candidates can individually refer to the resources in the past, in the future, or in both past and future.       
· FFS details on how UE-A determines “a set of resources” in the above definitions of “a set of resources”.
· FFS details on signaling of “a set of resources”, including container used for carrying it either at the physical or at higher layers and including time domain behavior (e.g., periodic, aperiodic, semi-persistent).
· FFS relation between “a set of resources” and resource pool.
· FFS how/when UE-B takes “a set of resources” into account in the resource selection for its own transmission.
· FFS whether/how to support other assistance and/or coordinating information.
· FFS if “inter-UE coordination” is supported in all cast types.
· Note: further discussion is necessary on what definitions of “a set of resources” will be finally specified.
· FFS whether/how to handle an impact, if any, caused by the functionality of power consumption reduction to be introduced.

FL Proposal 2:
· When a set of resources determined at UE-A is sent to UE-B in mode 2 and UE-B takes this into account in the resource selection for its own transmission,
· for the condition when UE-A sends “a set of resources” to UE-B, at least followings can be considered:
· Option 1: Based on signaling of triggering or requesting
· Option 2: Based on a pre-defined or (pre)configured triggering condition(s)
· FFS details on UE-A behavior of transmitting “a set of resources” when the above option is satisfied, including time domain behavior (e.g., periodic, aperiodic, semi-persistent).
· FFS details of signaling in 1st option.
· FFS details of 2nd option.
· Note: further discussion is necessary on what options will be finally specified.

FL Proposal 3 for conclusion: 
· Companies are encouraged to consider at least the following aspects when studying the feasibility and benefit of the enhancement(s) in mode 2
· Hidden-node problem
· Exposed-node problem
· Half duplex problem
· Consecutive packet loss (as described in WID)
· [Resource collision (i.e., Time-frequency resource overlapping [and/or Time resource overlapping] caused by the reason other than hidden-node problem]

In this contribution, we provide our views on the above proposals.
Discussion
The first question is the definition of “a set of resources”. Two possible definitions are considered: 1). the resource set preferred for UE-B’s transmission; 2). the resource set preferred not to be used by UE-B’s transmission. In our view, each definition of resource set has its applicable scenarios, and hence both definitions are supported. 

If UE-A sends the resource set preferred for UE-B’s transmission, UE-B may directly use the preferred resources for its transmissions. This is suitable for a low-capable device of UE-B, which may have limited sensing capabilities. In this case, UE-A acts as a sidelink scheduling UE, which provides scheduling result directly to UE-B. 

If UE-A sends the resource set not preferred for UE-B’s transmission, UE-B may utilize this information in its resource selection procedure, or resource re-evaluation/pre-emption check. Specifically, UE-B has an independent resource selection procedure, taking the non-preferred resource set from UE-A as additional information. In this case, UE-A acts as a helper UE, providing assistance information for UE-B’s resource selection. 

Proposal 1: A set of resources in inter-UE coordination is either preferred resources for UE-B’s transmission or non-preferred resources for UE-B’s transmission.

A relevant question is the format of “a set of resources”. A straightforward format is a resource map, i.e., a 2-D bitmap, in both time domain and frequency domain, to indicate whether each resource unit is a preferred resource or a non-preferred resource. The resource map provides the availability information of the full set of resources in a given time window. The payload size of resource map may be large. 

A second format is a list of time-frequency locations of preferred or non-preferred resources. Since the number of preferred or non-preferred resources is limited, it may have a smaller payload size than the first format. 

A third format is an indication of preferred or non-preferred resources. For example, UE-A may inform UE-B whether UE-B’s reserved resources are preferred or non-preferred resources. This format has the smallest payload size (e.g., a single bit).

Proposal 2: The format of a set of resources in inter-UE coordination is 1). resource map; 2). a list of time-frequency locations of preferred or non-preferred resources; 3). indication of preferred or non-preferred resources.

The set of resources provided by UE-A is based on its sensing results. For example, UE-A detects the reservation of some resources, which may not be detected by UE-B due to the hidden-node problem. Then UE-A could provide this resource reservation information to UE-B. 

The set of resources provided by UE-A is also based on receiver UE’s scheduling. In one scenario, UE-A is the receiver UE of UE-B. If UE-A has already scheduled sidelink transmissions at certain slots, these slots are not suitable for UE-A sidelink reception, due to the half-duplex constraints. In another scenario, UE-A is not the receiver UE of UE-B, but UE-A learns the scheduling information of receiver UE of UE-B’s, e.g., via UE-A’s sensing. Hence, UE-A knows which slots are not suitable for receiver UE’s sidelink reception, due to the half-duplex constraints. In both scenarios, UE-A should indicate receiver UE’s scheduling information to UE-B.

Proposal 3: The set of resources in inter-UE coordination is acquired based on UE-A’s sensing results and/or based on receiver UE’s scheduling.

Besides indicating a set of preferred or non-preferred resources, the inter-UE coordination also includes additional assistance information. The assistance information may be obtained by channel measurements (e.g., measured RSRP, decoded data priority). The assistance information may indicate the cause of non-preferred resources, e.g., due to half-duplex problem or due to hidden-node problem. 

This assistance information is used in UE-B’s resource selection procedure. For example, the non-preferred resources due to half-duplex problem are always excluded from candidate resource set, while non-preferred resources due to hidden-node problem may or may not be excluded from candidate resource set, depending on measured RSRP or decoded data priority. 

Proposal 4: Besides a set of resources, inter-UE coordination includes additional assistance information for UE-B’s resource selection, e.g., measured RSRP, decoded data priority, cause of non-preferred resources.

Another open question is when UE-A sends inter-UE coordination to UE-B. Two options are considered: 1). Based on signaling of triggering or requesting; 2). Based on a pre-defined or (pre)configured triggering conditions. In our view, each option has its application scenarios and both options can be used jointly. 

For example, if UE-B is a low-power device and does not perform sensing operations. It could request UE-A to provide a list of preferred resources for its sidelink transmissions. In this case, UE-A sends inter-UE coordination when receiving the inter-UE coordination request from UE-B. 

In another example, consider UE-A as a helper UE, e.g., road side unit. It monitors the sidelink channels and detects resource reservation collision or half-duplex issue. Then it autonomously sends inter-UE coordination to UE-B to resolve the resource collision or half-duplex issues, which enhances system performance. 

Proposal 5: UE-A triggers inter-UE coordination when receiving an inter-UE coordination request from UE-B, or when detecting certain triggering conditions (e.g., detected collision or detected half-duplex issue).

For the case that UE-B sends a request to UE-A in order to trigger inter-UE coordination, the signaling details of the inter-UE coordination request need to be considered. It may be difficult for UE-B to deliver the inter-UE coordination request in a regular sub-channel of a resource pool, which implies UE-B already acquires sidelink resources for data transmission. 

Considering the limited amount of information in the inter-UE coordination request, we could use sequence-based signal to deliver this information. The resources for this sequence-based signal could be the last few symbols of a slot, which are FDM-ed with PSFCH resources. Note that in NR V2X release 16, the frequency resources for PSFCH are configured per resource pool and may not occupy all the RBs of a resource pool. The remaining frequency resources could be used for the inter-UE coordination request. 
 
Proposal 6: Consider the resources for inter-UE coordination request is FDM-ed with PSFCH resources.

Another open question is how UE-B takes a set of resources in inter-UE coordination into account its resource selection procedure. Upon receiving the set of resources, UE-B may trigger the resource selection procedure if it has not selected resources yet; UE-B may trigger the resource re-evaluation if it has selected resources but has not reserved these resources; UE-B may trigger the resource pre-emption check if it has reserved resources. Alternatively, UE-B may directly use the preferred set of resources for its sidelink transmissions.

Proposal 7: Upon receiving inter-UE coordination, UE-B performs resource selection, resource re-evaluation, resource pre-emption check, or directly uses the indicated resources in inter-UE coordination for its sidelink transmission.

The enhancement in WID objective includes addressing consecutive packet loss. Suppose two UE independently select sidelink periodic resources. It is possible these two UEs select the same resources due to the low interference level of the resources. Because of half-duplex constraints, neither of these two UEs detects the resource collision. This leads to consecutive packet loss. One simple solution is to let the UE, which reserves periodic resources, intentionally mute its transmissions in certain periods in order to monitor the channel. If collision is detected during the monitoring period, the UE stops the transmissions in the subsequent periods and performs resource reselection procedure. Another solution may be based on sidelink HARQ feedback statistics. If the UE, which reserves periodic resources, receives a large amount of HARQ NACK feedback, then it assumes collision occurs on periodically reserved resources. It is possible that a helper UE, detecting the consecutive packet loss, sends inter-UE coordination to the UE, which reserves periodic resources with collision. 

Proposal 8: RAN1 to consider solutions for consecutive packet loss. 
Conclusion
In this contribution, we provided our views on mode 2 resource allocation with inter-UE coordination. Our proposals are as follows: 

Proposal 1: A set of resources in inter-UE coordination is either preferred resources for UE-B’s transmission or non-preferred resources for UE-B’s transmission.

Proposal 2: The format of a set of resources in inter-UE coordination is 1). resource map; 2). a list of time-frequency locations of preferred or non-preferred resources; 3). indication of preferred or non-preferred resources. 

Proposal 3: The set of resources in inter-UE coordination is acquired based on UE-A’s sensing results and/or based on receiver UE’s scheduling.

Proposal 4: Besides a set of resources, inter-UE coordination includes additional assistance information for UE-B’s resource selection, e.g., measured RSRP, decoded data priority, cause of non-preferred resources.

Proposal 5: UE-A triggers inter-UE coordination when receiving an inter-UE coordination request from UE-B, or when detecting certain triggering conditions (e.g., detected collision or detected half-duplex issue).

Proposal 6: Consider the resources for inter-UE coordination request is FDM-ed with PSFCH resources.

Proposal 7: Upon receiving inter-UE coordination, UE-B performs resource selection, resource re-evaluation, resource pre-emption check, or directly uses the indicated resources in inter-UE coordination for its sidelink transmission.

Proposal 8: RAN1 to consider solutions for consecutive packet loss. 
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