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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
Synergy between the design of inter-UE coordination scheme 1 and that of inter-UE coordination scheme 2
It can be seen that the two inter-UE coordination schemes are very similar in nature, with the biggest difference in the contents of the coordination message, and possibly the conditions to trigger each scheme, and scenarios applicable for each scheme.
It is thus desirable to use a same design (e.g. message format, message flow, etc.) for the two schemes wherever possible, and only specify the two schemes differently when it is deemed strictly necessary.
Inter-UE Coordination Scheme 1
1.1.1. Container for inter-UE coordination scheme 1
In inter-UE coordination scheme 1, UE-A informs UE-B “the set of resources preferred and/or non-preferred for UE-B’s transmission”, which is actually very similar to the resource reservation scheme introduced already in Rel-16, where UE-A informs other UEs (including a potential “UE-B”) the set of resources reserved for UE-A’s transmission. Therefore, we think the most straightforward and backward-compatible container for inter-UE coordination is SCI format 1-A, using a few reserved bits to (re)interpret the purpose of resource reservation such that some of the resources indicated by “Frequency resource assignment” and “Time resource assignment” fields are not for UE-A itself but for UE-B (e.g. as indicated by the “Destination ID” field in the corresponding 2nd-stage SCI format).
SCI format 1-A also achieves very good backward compatibility with Rel-16 UEs which can take the indicated resources into account in their sensing and resource selection procedures as specified in Rel-16, with no need to care about the newly introduced indication, i.e. which UE each of the indicated resources is reserved for.
On the other hand, SCI format 1-A comes with a restriction that at most two future resources can be indicated. If a larger size of “the set of resources preferred and/or non-preferred for UE-B’s transmission” is to be supported, it might be necessary to consider other containers, e.g. a new 2nd-stage SCI format, or a higher layer message.
Proposal 1: For inter-UE coordination scheme 1, both a short message format and a long message format are supported.
· SCI format 1-A is used as the container for the short format.
· FFS whether a new 2nd-stage SCI format or a higher layer message is used as the container for the long format.
1.1.2. Determination of UE-A and UE-B
If any UE can reserve resources for any other UEs, even with some pre-defined or (pre) configured conditions, a UE supporting inter-UE coordination scheme 1 may be easily overloaded with inter-UE coordination messages from other UEs, and the situation is even worse for a UE not supporting inter-UE coordination scheme 1, where all such messages turn out to be unknown / useless at some point in time and have to be eventually discarded.
It is also very inefficient from UE-A’s perspective if any UE can be a “UE-A” for any other UEs, as messages from all but one “UE-A” may have to be eventually discarded by “UE-B” anyway.
Therefore, at least a simplest “request-and-response” mechanism should be prioritized for the design of inter-UE coordination scheme 1, e.g. a UE that needs coordination from other UEs identify itself as “UE-B”, and transmits a request message, which is then responded by UE-A with “a set of resources preferred and/or non-preferred for UE-B’s transmission”.
And for determination of UE-A, the most simple and straightforward way is that this is identified by UE-B (e.g. UE-B can pick a “UE-A” from one of the peer UEs in communications). The detailed procedure of determination of UE-A can be left to UE-B’s implementation.
Proposal 2: For inter-UE coordination scheme 1, a “request-and-response” mechanism is adopted, where a request for coordination is transmitted from UE-B, which is then responded by UE-A with a set of resources preferred and/or non-preferred for UE-B’s transmission.
Proposal 3: For inter-UE coordination scheme 1, UE-B is self-identified, and UE-A is selected by UE-B.
Inter-UE Coordination Scheme 2
1.1.3. Container for inter-UE coordination scheme 2
In inter-UE coordination scheme 2, since the resources of concern are those already reserved by UE-B with SCI format 1-A, it is much less beneficial to support a “long format” capable of indicating a lot of resources. Instead, it is sufficient to reuse SCI format 1-A to indicate the “the presence of expected/potential and/or detected resource conflict”.
Proposal 4: For inter-UE coordination scheme 2, a single short message format is supported.
· SCI format 1-A is used as the container for the short format.
1.1.4. Determination of UE-A and UE-B
For inter-UE coordination scheme 2 the signalling overhead is supposed to be small, and it is desirable that presence of conflict is indicated to UE-B as quickly as possible, once detected. Hence a request-and-response mechanism seems much less attractive. Instead, a UE upon detection of resource reservation conflict for another should be able to directly inform that UE by means of inter-UE coordination scheme 2.
In order to prevent multiple “UE-A”s flooding one “UE-B” with indications of conflicts, a UE should be able to enable/disable transmission of such an indication from another UE e.g. in a semi-static manner.
Proposal 5: For inter-UE coordination scheme 2, an indication of presence of conflict is directly transmitted to UE-B without prior request from UE-A.
Proposal 6: For inter-UE coordination scheme 1, UE-A is self-identified, and UE-B is selected by UE-A.
Proposal 7: For inter-UE coordination scheme 1, whether a UE can be the “UE-A” of another UE can be semi-statically determined by the later.
Conclusion
[bookmark: _GoBack]In this contribution, we discuss a few aspects relating to inter-UE coordination, and make the following proposals.
Proposal 1: For inter-UE coordination scheme 1, both a short message format and a long message format are supported.
· SCI format 1-A is used as the container for the short format.
· FFS whether a new 2nd-stage SCI format or a higher layer message is used as the container for the long format.
Proposal 2: For inter-UE coordination scheme 1, a “request-and-response” mechanism is adopted, where a request for coordination is transmitted from UE-B, which is then responded by UE-A with a set of resources preferred and/or non-preferred for UE-B’s transmission.
Proposal 3: For inter-UE coordination scheme 1, UE-B is self-identified, and UE-A is selected by UE-B.
Proposal 4: For inter-UE coordination scheme 2, a single short message format is supported.
· SCI format 1-A is used as the container for the short format.
Proposal 5: For inter-UE coordination scheme 2, an indication of presence of conflict is directly transmitted to UE-B without prior request from UE-A.
Proposal 6: For inter-UE coordination scheme 1, UE-A is self-identified, and UE-B is selected by UE-A.
Proposal 7: For inter-UE coordination scheme 1, whether a UE can be the “UE-A” of another UE can be semi-statically determined by the later.
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RAN1 agreements on inter-UE coordination
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
RAN1#104-e
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
RAN1#104b-e
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
Agreements:
· Support the following schemes of inter-UE coordination in Mode 2:
· Inter-UE Coordination Scheme 1: 
· The coordination information sent from UE-A to UE-B is the set of resources preferred and/or non-preferred for UE-B’s transmission
· FFS details including a possibility of down-selection between the preferred resource set and the non-preferred resource set, whether or not to include any additional information other than indicating time/frequency of the resources within the set in the coordination information
· FFS condition(s) in which Scheme 1 is used
· Inter-UE Coordination Scheme 2: 
· The coordination information sent from UE-A to UE-B is the presence of expected/potential and/or detected resource conflict on the resources indicated by UE-B’s SCI
· FFS details including a possibility of down-selection between the expected/potential conflict and the detected resource conflict
· FFS condition(s) in which Scheme 2 is used

Agreements:
1. Study further to determine the conditions for UEs to be UE-A(s)/UE-B(s) for inter-UE coordination:
· Details include applicable scenario(s)/inter-UE coordination scheme(s)
· E.g., only UE(s) among the intended receiver(s) of UE-B can be a UE-A, any UE can be a UE-A, high-layer configured, etc.
· Including the possibility of being subject to certain conditions and/or capability

Agreements:
· When UE-B receives the inter-UE coordination information from UE-A, consider at least one of the following options (with details FFS including possibly down-selecting/merging one or more of the options below, applicable scenario(s)/condition(s) for each option, UE behavior) for UE-B’s to take it into account in the resource (re)-selection for its own transmission
· For scheme 1:
· Option 1-1: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on both UE-B’s sensing result (if available) and the received coordination information
· Option 1-2: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based only on the received coordination information
· Option 1-3: UE-B’s resource(s) to be re-selected based on the received coordination information
· Option 1-4: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on the received coordination information
· For scheme 2:
· Option 2-1: UE-B can determine resource(s) to be re-selected based on the received coordination information
· Option 2-2: UE-B can determine a necessity of retransmission based on the received coordination information
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