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Introduction
A revised work item on NR sidelink enhancement was approved in RAN#90-e meeting [1], with one of the objectives to study the feasibility and benefit of the enhancements in mode 2 for enhanced reliability and reduced latency, and specify the identified solution(s) if deemed feasible and beneficial, as follows:
	· Study the feasibility and benefit of solution(s) on the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution(s) if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after RAN#89.


In this document, we share our views on a few aspects relating to inter-UE coordination.
Discussion
Triggering of an inter-UE coordination message
Regarding one of the aspects to be further discussed, “when UE-A sends ‘a set of resources’ to UE-B, including which UE(s) sends it”, the following two options were discussed in RAN1#103-e ([2]),
· Option 2.1-1: Based on signaling of triggering or requesting
· Option 2.1-2: Based on a pre-defined or (pre)configured triggering condition(s)
In our view, both options should be supported. Option 2.1-1 can be used when there is a connection (e.g. PC5-RRC connection) between UE-A and UE-B, in which case UE-B can request coordination from UE-A, for example, if due to some reason UE-B did not fully perform sensing over the past sensing window, and UE-A can share a set of “preferred resources” to UE-B based on UE-A’s sensing results. Option 2.1-2 is useful as well when there is a connection between UE-A and UE-B, for example, when UE-A detects an increase of interference in reception of SL transmissions from UE-B. Furthermore, Option 2.1-2 may be the only choice when the inter-UE coordination message is of broadcast nature. For example, UE-A can broadcast an inter-UE coordination message when it detects conflicts in resource reservation from UE-B1 and UE-B2 etc., in which case it would be much less efficient if a different cast type is used for the inter-UE coordination message, not to mention that UE-A may not even have any connection to each UE-Bx.
Proposal 1: An inter-UE coordination message from UE-A to UE-B can be triggered either by a request from UE-B, or by (pre-) defined or (pre-) configured condition(s) in UE-A.
Container for an inter-UE coordination message
Regarding the container for an inter-UE coordination message, the following options were discussed in RAN1#103-e ([2]),
· Option 2.2-1: MAC CE
· Option 2.2-2: PC5-RRC signaling 
· Option 2.2-3: New 2nd SCI format
· Option 2.2-4: PSCCH
· Option 2.2-5: PSFCH
The type of container highly depends on the payload size (and correspondingly the contents) of an inter-UE coordination message, which has not been decided yet. On the other hand, consensus on the type of container can facilitate discussion of the contents of the inter-UE coordination message. 
We noticed some proposals in previous meetings to support both short (e.g. 1-bit in one extreme case) and long (i.e. multiple bits) inter-UE coordination messages. We think it is OK to discuss both formats of messages, and as a result of the discussion, RAN1 can decide whether to support one or both of them in Rel-17.
· A short format is useful for indication of resource reservation conflict between two or more UEs, in which case the resource(s)-in-conflict may be restricted in a small set of resources, implying very small signalling overhead.
· A long format can be used to indicate preferred/non-preferred resources which may be directly used/excluded by a peer UE, in which case flexibility in signalling the resources is very important, as the resource selection window in the peer UE may be relatively large.
Option 2.2-4 and Option 2.2-5 can be considered for a short format, out of which we think Option 2.2-4 is a much better choice, in terms of specification effort and backward compatibility to Rel-16 UEs, as long as the basic assumptions for Rel-16 UEs are not broken, i.e. from the perspective of a Rel-16 UE performing sensing, the resources indicated by “Time resource assignment”, “Frequency resource assignment” and “Resource reservation period” fields are reserved, i.e. not available to the Rel-16 UE. On the other hand, the Rel-16 UE does not care for whom the indicated resources are reserved. Therefore, a Rel-17 UE may additionally signal in SCI that some of the indicated resources are actually reserved for another Rel-17 UE, or, conflict has been detected in some of the indicated resources, etc.
Option 2.2-1, Option 2.2-2 and Option 2.2-3 can be considered for a long format, although it seems very difficult for Option 2.2-1 and Option 2.2-2 to provide a complete solution. For example, Option 2.2-1 and Option 2.2-2 may not be suitable for indication of resources for a TB associated with a strict low-latency requirement.
Proposal 2: Two inter-UE coordination message formats can be considered: a short format and a long format.
Characteristics of the set of time/frequency resources
The following points were raised in RAN1#103-e ([2]) for discussion of the characteristics of the “set of resources”,
· Contiguous frequency domain resource vs. Non-contiguous frequency domain resource
· Contiguous time domain resource vs. Non-contiguous time domain resource
· Reference point to indicate the time domain resource
In our view, for each “resource” in the set of resources, the basic characteristics in Rel-16 should be retained, i.e. single-slot in time domain, and consecutive-sub-channels in frequency domain; for the set of resources, no other restriction should apply. For example, it should not be restricted that a set of two resources should be respectively located in two contiguous slots. 
Regarding the frequency-domain size(s) of the resources, one option (as proposed by some companies in previous meetings) is that UE-B indicates the size when requesting UE-A to provide a set of resources, and UE-A provides a set of resources to UE-B with the requested size. However, this may impose some restrictions on the potential set of resources that can be indicated to UE-B. For example, UE-B may request resources with 6 sub-channels, but having an empty set of resources with 6 sub-channels may be worse than e.g. being informed that there are actually some resources with 4 sub-channels available. Therefore, it may be better for UE-A to not assume a fixed “requested size” when finding the set of resources. In our view, it would be much more efficient for UE-B to indicate a frequency-domain granularity (which is normally larger than one sub-channel) in a request, and for UE-A to return a set of resources based on the requested granularity.
Regarding the reference point for the time domain resources, we think at least for the case when inter-UE coordination is triggered by a request from a peer UE, it may be better for the peer UE to indicate a time window (e.g. including the starting slot and the length of the time window), as it is the peer UE that knows exactly the latency requirements for the requested resources.
Furthermore, we think RAN1 should also discuss whether to have a restriction that the set of resources are in a same resource pool. In our view it should be possible for UE-A to find two suitable resources respectively in two different resource pools, and signal these two resources to UE-B in a same inter-UE coordination message. Therefore, it is not necessary to restrict the set of resources to be in a same resource pool.
Multiple “UE-A”s and/or “UE-B”s
Depending on how the inter-UE coordination message is triggered and/or transmitted, it may be possible that more than one “UE-A” transmits an inter-UE coordination message to one “UE-B”, and that more than one “UE-B” receives a same inter-UE coordination message from UE-A. RAN1 should discuss whether/how to avoid the following situations:
· Multiple UE-As flood UE-B with autonomous inter-UE coordination messages (i.e. based on pre-defined or (pre)configured triggering conditions).
· Multiple UE-Bs flood UE-A with requests for inter-UE coordination.
In our view, some restrictions should be applied in order to control the number of inter-UE coordination messages transmitted on sidelink. For example, UE-A may only identify preferred/non-preferred resources or resources-in-conflict for a limited number of UEs, e.g. those with a PC5-RRC connection with UE-A. The higher layers of UE-A may indicate which set of UEs to perform inter-UE coordination for.
Observation 1: Discussion of UE-A handling of the inter-UE coordination request message and UE-B handling of the inter-UE coordination response message should take into account the fact that there may be more than one “UE-A” and/or more than one “UE-B”.
Restrictions on the usage of the inter-UE-coordinated resources
One important issue that needs to be agreed upon before discussing other issues is whether there is any restriction for UE-B on the usage of the “set of resources” sent from UE-A. In our view there should not be any such restriction, e.g. UE-B just takes the “set of resources” into account when deciding a candidate set of TX resources for any upcoming SL transmission, with no restriction on the source UE ID, destination UE ID, cast type etc. of that SL transmission. Otherwise there would be a strong limitation on the gain obtained from inter-UE coordination. For example, UE-B may have a couple of ongoing higher layer “links”, with different destination IDs, and the next SL transmission may be for any one of the “links”; UE-B should be able to take all those “links” into account, rather than just the “link” between UE-A and UE-B.
Proposal 3: No restriction (e.g. with regard to source UE ID, destination UE ID, cast type etc.) is imposed on the SL transmission in UE-B that can use the set of resources sent from UE-A.
Conclusion
In this contribution, we discuss a few aspects relating to the feasibility and benefit of the enhancements in mode 2 for enhanced reliability and reduced latency, and make the following observation and proposals.
Observation 1: Discussion of UE-A handling of the inter-UE coordination request message and UE-B handling of the inter-UE coordination response message should take into account the fact that there may be more than one “UE-A” and/or more than one “UE-B”.
Proposal 1: An inter-UE coordination message from UE-A to UE-B can be triggered either by a request from UE-B, or by (pre-) defined or (pre-) configured condition(s) in UE-A.
Proposal 2: Two inter-UE coordination message formats can be considered: a short format and a long format.
Proposal 3: No restriction (e.g. with regard to source UE ID, destination UE ID, cast type etc.) is imposed on the SL transmission in UE-B that can use the set of resources sent from UE-A.
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RAN1 agreements on feasibility and benefits for mode 2 enhancements
RAN1#103-e
Conclusion:
· The schemes of inter-UE coordination in Mode 2 are categorized as being based on the following types of “A set of resources” sent by UE-A to UE-B:
· UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· UE-A sends to UE-B the set of resources not preferred for UE-B’s transmission
· e.g., based on its sensing result and/or expected/potential resource conflict
· UE-A sends to UE-B the set of resource where the resource conflict is detected
· FFS: details of resource conflict, e.g., including type of resource conflict
· FFS: details of sensing operation at UE-A side
· FFS: which type(s) of resource set information is(are) beneficial/feasible to which cast type(s)
· Note: these different types may be used in combination with each other
· From RAN1 perspective, further study on the feasibility/benefit of inter-UE coordination is required
· Send an LS to RAN plenary
Conclusion:
· For the schemes of inter-UE coordination identified as feasible/beneficial, at least the following aspects are further discussed.
· How/when UE-A determines the contents of ”A set of resources”, including consideration of UL scheduling
· When UE-A sends ”A set of resources” to UE-B, including which UE(s) sends it
· How UE-A and UE-B are determined
· How UE-A sends ”A set of resources” to UE-B, including container used for carrying it, implicitly or explicitly or both
· How/when/whether UE-B receives “A set of resources” and takes it into account in the resource selection for its own transmission
· How/whether to define the relationship between support/signaling of inter-UE coordination and cast type
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Conclusion:
· RAN1 concludes that the inter-UE coordination in Mode 2 is feasible, and is beneficial (e.g.,  reliability, etc.) compared to Rel-16 Mode 2 RA, and thus recommends specification of the feature.
· The detailed observations can be found in the attachment of the LS
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