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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
Inter-UE Coordination Scheme 1
1.1.1. Type of coordination information
In RAN1#104b-e, it was agreed that “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”.
In RAN1#105-e, a lot of time was spent on discussing whether to confirm support for either only one (and which one) or both of “preferred set of resources” and “non-preferred set of resources”, with no consensus.
We observed that comments in RAN1#105-e for not supporting either “preferred set of resources” or “non-preferred set of resources” were based on some specific preference in interpreting the two terms. For example,
· A “preferred set of resources” might lead to support for a “mode-2d”-like scheme, which was not agreeable to some companies. 
However, details of “preferred set of resources” are still TBD. Any specific interpretation of the term should not be a reason for blocking agreements containing that term. (In fact, there had been a few RAN1 agreements containing that term, based only on rough consensus of how to interpret it)
· A “preferred set of resources” might be outdated due to new reservations from other UEs.
However, this may or may not be the case, depending on how exactly the “preferred set of resources” is signalled, which is still TBD.
· The overhead is too high for a “non-preferred set of resources”.
However, this was based on a specific assumption that all resources in a given T/F grid have to be signalled (e.g. via a bitmap), which in our view is far from being a common understanding in RAN1.
· A “non-preferred set of resources” is complementary to a corresponding “preferred set of resources”.
Again, this is far from being a common understanding in RAN1. In our view, “non-preferred” resources may be those incurring a TX/RX conflict for UE-A, and “preferred resources” may be those with good rankings e.g. in terms of SL-RSRP measurements for corresponding SCIs. In that sense, the two sets are certainly not complementary to each other.
[bookmark: _GoBack]Overall, we don’t see any blocking technical reason not to agree both “preferred” and “non-preferred” sets of resources. Considering the majority support in RAN1#105-e discussions, we propose to agree the following FL proposal from RAN1#105-e.
Proposal 1: For inter-UE coordination scheme 1, the following inter-UE coordination information signaling from UE-A is supported. FFS details including condition(s)/scenario(s) under which each information is enabled to be sent by UE-A and used by UE-B.
· Set of resources preferred for UE-B’s transmission.
· Set of resources non-preferred for UE-B’s transmission.
UE-B behaviours when receiving inter-UE coordination information
In RAN1#104b-e, four options were agreed to be considered for inter-UE coordination scheme 1, i.e.
	· 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


Given the lack of support for Option 1-3 and Option 1-4 in RAN1#105-e, they should be first removed before proceeding with the remaining options.
Proposal 2: For inter-UE coordination scheme 1, for UE-B behaviours when receiving inter-UE coordination information, Option 1-3 and Option 1-4 are not supported.
Regarding whether to use UE-B’s sensing results, in our view this is crucial in a distributed system. UE-B should not be forced to unconditionally and fully follow the coordination information from UE-A. Therefore we think Option 1-1 is the only way to go.
Proposal 3: For inter-UE coordination scheme 1, for UE-B behaviours when receiving inter-UE coordination information, only Option 1-1 is supported.
1.1.2. 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 for 5G V2X, where UE-A informs other UEs (including a potential “UE-B”) the set of resources reserved for UE-A’s own 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” and “Resource reservation period” 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 the indicated resources are reserved for. And this also resolves the concern that a “preferred set of resources” might be easily outdated due to new reservations from other UEs.
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 deemed necessary, other containers, e.g. a new 2nd-stage SCI format, or a higher layer message, can also be considered.
Proposal 4: For inter-UE coordination scheme 1, SCI format 1-A is used as the container for either a preferred set of resources, or a non-preferred set of resources, or a mix of preferred and non-preferred resources.
· FFS whether a new 2nd-stage SCI format or a higher layer message is additionally used as the container.
1.1.3. 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 5: 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 6: For inter-UE coordination scheme 1, UE-B is self-identified, and UE-A is selected by UE-B from UE-B’s intended receivers.
Inter-UE Coordination Scheme 2
1.1.4. Type of coordination information
In RAN1#104b-e, it was agreed that “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”.
In RAN1#105-e, almost all participating companies explicitly expressed their support for “presence of expected/potential resource conflict”, and more than 10 companies explicitly expressed their objection to “presence of detected resource conflict”. In our view, the pros and cons of both types of resource conflict had been adequately debated, and the situation in RAN1#105-e is unlikely to change even if the same debate is repeated in RAN1#106-e. Hence we propose to agree a natural outcome of the RAN1#105-e discussion, i.e. only “presence of expected/potential resource conflict” is supported in inter-UE coordination Scheme 2.
Proposal 7: For inter-UE coordination scheme 2, only the following inter-UE coordination information signaling from UE-A is supported.
· The presence of expected/potential resource conflict on the resources indicated by UE-B’s SCI.
UE-B behaviours when receiving inter-UE coordination information
In RAN1#104b-e, two options were agreed to be considered for scheme 1, i.e.
	· 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


Given the lack of support for Option 2-2, and the overwhelming support for Option 2-1 in RAN1#105-e, see [2], we don’t think any further discussion on the above two options are necessary in RAN1#106-e.
Proposal 8: For inter-UE coordination scheme 2, for UE-B behaviours when receiving inter-UE coordination information, only Option 2-1 is supported.
1.1.5. 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 indication of a lot of resources in the inter-UE coordination information. Instead, it is sufficient to reuse SCI format 1-A to indicate the “presence of expected/potential resource conflict”. We noticed that in RAN1#105-e discussions, most companies preferred “PSFCH-like signalling” with one-bit indication. However, in case of multiple UE-Bs involved in a resource conflict, it is unclear how the PSFCH-like signalling can be mapped to a single PSFCH-like resource which can be derived by all these UE-Bs. For example, if UE-B1 reserved subchannels 0 to 3 in one slot and UE-B2 reserved subchannels 2 to 3 in the same slot, how can UE-B1 and UE-B2 find a same PSFCH-like resource for reception of the conflict indication, assuming that they are not aware of the resources reserved by each other (if they do, there is no need for the conflict indication)? If multiple PSFCH-like transmissions are instead necessary (e.g. each intended for one “UE-B”), then this is in fact “multiple-bit indication”, and is contradictory to the claim of “one-bit indication” from proponents of PSFCH-like signalling. Having said that, we are open to PSFCH-like signalling if the above concern can be addressed.
Proposal 9: For inter-UE coordination scheme 2, SCI format 1-A is used as the container for indication of “presence of expected/potential resource conflict”.
1.1.6. 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.
On the other hand, in order to prevent multiple “UE-A”s flooding one “UE-B” with indications of resource conflicts, a “UE-B” should be able to enable/disable transmission of such an indication from “UE-A”s. For example, UE-B can indicate in SCI that indication of resource conflict is enabled/disabled for resources reserved in that SCI. This is especially beneficial for a scenario with a mix of Rel-16 and Rel-17 UEs, where it is definitely undesirable to transmit indication of resource conflict for Rel-16 UEs. Furthermore, since the container for the coordination information is SCI format 1-A, UE-B has to be one of UE-A’s destinations.
Proposal 10: For inter-UE coordination scheme 2, a UE autonomously determines whether it can be a UE-B, by means of enabling resource conflict indication in SCI for the resources reserved in the same SCI.
Proposal 11: For inter-UE coordination scheme 2, UE-A is self-identified among UEs with UE-B as an intended receiver.
· Multiple UEs can be UE-As.
Conclusion
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, the following inter-UE coordination information signaling from UE-A is supported. FFS details including condition(s)/scenario(s) under which each information is enabled to be sent by UE-A and used by UE-B.
· Set of resources preferred for UE-B’s transmission.
· Set of resources non-preferred for UE-B’s transmission.
Proposal 2: For inter-UE coordination scheme 1, for UE-B behaviours when receiving inter-UE coordination information, Option 1-3 and Option 1-4 are not supported.
Proposal 3: For inter-UE coordination scheme 1, for UE-B behaviours when receiving inter-UE coordination information, only Option 1-1 is supported.
Proposal 4: For inter-UE coordination scheme 1, SCI format 1-A is used as the container for either a preferred set of resources, or a non-preferred set of resources, or a mix of preferred and non-preferred resources.
· FFS whether a new 2nd-stage SCI format or a higher layer message is additionally used as the container.
Proposal 5: 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 6: For inter-UE coordination scheme 1, UE-B is self-identified, and UE-A is selected by UE-B from UE-B’s intended receivers.
Proposal 7: For inter-UE coordination scheme 2, only the following inter-UE coordination information signaling from UE-A is supported.
· The presence of expected/potential resource conflict on the resources indicated by UE-B’s SCI.
Proposal 8: For inter-UE coordination scheme 2, for UE-B behaviours when receiving inter-UE coordination information, only Option 2-1 is supported.
Proposal 9: For inter-UE coordination scheme 2, SCI format 1-A is used as the container for indication of “presence of expected/potential resource conflict”.
Proposal 10: For inter-UE coordination scheme 2, a UE autonomously determines whether it can be a UE-B, by means of enabling resource conflict indication in SCI for the resources reserved in the same SCI.
Proposal 11: For inter-UE coordination scheme 2, UE-A is self-identified among UEs with UE-B as an intended receiver.
· Multiple UEs can be UE-As.
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