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1	Introduction
In this paper, we discuss design aspects of MAC CE based signaling for inter-UE coordination information. 
[bookmark: _Ref178064866]2	Discussions
2.1   RAN1 agreements

The Rel-17 NR sidelink enhancement WID RP-201385 has defined objectives to specify solutions which can enhance NR sidelink for the V2X, public safety and commercial use cases. 
· 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 defined in TR37.885 (by RAN#91), and specify the identified solution if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#90.
· 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 study scope after RAN#90 is to be decided in RAN#90.
· 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].
For the above study objective, an inter-UE coordination mechanism will be studied for enhancements in SL resource allocation Mode 2.  With the mechanism, a UE (e.g., UE-A) will be able to signal “A set of resources determined at the UE” to another UE (e.g., UE-B). Another UE can consider the received signaling into its own resource selection procedure. The detailed signaling alternatives are pending to be addressed. The possible signaling alternatives are expected to include at least PC5-RRC signaling, L1 signaling, MAC CE etc. 
In RAN1#106, RAN1 has made the following agreements
Agreement
For scheme 1, the following inter-UE coordination information signalling 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

Agreement
For scheme 2, the following inter-UE coordination information signalling 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
· Presence of expected/potential resource conflict on the resources indicated by UE-B’s SCI

Agreement
In scheme 1, at least following UE-B’s behavior in its resource (re-)selection is supported when it receives inter-UE coordination information from UE-A:
· For preferred resource set, the following two options are supported:
· Option A): 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 B): UE-B’s resource(s) to be used for its transmission resource (re-)selection is based only on the received coordination information
· For non-preferred resource set, 
· 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 
· UE-B excludes in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set
In RAN1#107, RAN1 has made the following agreements
Agreement
For inter-UE coordination information triggered by an explicit request in Scheme 1,
· UE-A uses a TX resource pool used for UE-B’s request transmission to determine the set of resources and to transmit the set of resources to UE-B

Agreement
For inter-UE coordination information triggered by a condition rather than request reception in Scheme 1,
· UE-A transmitting in a resource pool provides inter-UE coordination information associated with the same resource pool

Agreement
For Scheme 1, a resource pool level (pre-)configuration can enable one of the following alternatives:
· Alt 1 (Working Assumption): MAC CE or 2nd SCI are used as the container of inter-UE coordination information transmission from UE A to UE B.
· For the indication of resource set, the following is supported:
· N combinations of TRIV, FRIV, resource reservation period as specified in Rel-16 TS 38.214 Section 8.1.5 with following modification. The value of resource reservation period is omitted at least when the transmission of preferred resource set is triggered by UE-B’s explicit request.
· First resource location of each TRIV is separately indicated by the inter-UE coordination information
· If [N <= 3], MAC CE is used and it is up to UE implementation to additionally use 2nd SCI. When 2nd SCI and MAC CE are both used, the same resource set is indicated in the 2nd SCI and the MAC CE. If [N > 3], only MAC CE is used.
· FFS: UE capability details
· 2nd SCI is UE RX optional
· Alt 2: MAC CE is used as the container of inter-UE coordination information transmission from UE A to UE B.
· For the indication of resource set, the following is supported:
· N combinations of TRIV, FRIV, resource reservation period as specified in Rel-16 TS 38.214 Section 8.1.5 with following modification. The value of resource reservation period is omitted at least when the transmission of preferred resource set is triggered by UE-B’s explicit request.
· First resource location of each TRIV is separately indicated by the inter-UE coordination information
· FFS: Whether/How to use resource reservation information as coordination information

Agreement

For Scheme 2, the values of the following parameters are the same as those for SL HARQ-ACK feedback in the same resource pool
· Period of PSFCH resources (sl-PSFCH-Period)
· Number of cyclic shift pairs used for a PSFCH transmission that can be multiplexed in a PRB (sl-NumMuxCS-Pair)
· Number of PSFCH resources available for multiplexing information in a PSFCH transmission (sl-PSFCH-CandidateResourceType)


2.2   MAC CE design
Based on the agreements highlighted in clause 2.1, it is observed that
1) There are two schemes which may be adopted to achieve inter-UE coordination.
a. Scheme 1; UE-A indicates a set of preferred/non-preferred resources to UE-B
b. Scheme 2: UE-A indicates presence of resource conflict to UE-B
2) Inter-UE coordination information in Scheme 1 at a UE-A may be triggered by one of the following 
a. Triggered by reception of an explicit request message sent by a UE-B.
b. Triggered by a condition rather than request reception. Condition is FFS

3) The container of inter-UE coordination information transmission in scheme 1 from UE-A to UE-B contains N combinations of TRIV, FRIV, resource reservation period as specified. RAN1 further to discuss whether MAC CE or 2nd SCI may be used the container.
4) The container for explicit request in scheme 1 may be one of the following.

During the RAN1#106-e email discussion, the companies’ views in RAN1 on the container and contents of an explicit request in IUC scheme 1, as follows.
	Question 5: Which option do you prefer as a container for sending explicit request in Scheme 1? If a company supports a combination of more than one option, please provide the combination as well.
· Option 1: SCI format 1-A on a PSCCH transmission
· Option 2: New 2nd-stage SCI format (i.e. SCI format 2-C) on a PSSCH transmission
· Option 3: MAC CE on a PSSCH transmission
· Option 4: PC5-RRC signaling



Based on RAN1 discussions, this paper is to address the following two issues which are related to scheme 

Issue 1: the container and contents of explicit request for inter-UE coordination need to be defined

Issue 2: the container and contents of inter-UE coordination information transmission need to be defined

2.2.1   General design aspects
RAN1 has discussed different trigger conditions for the explicit request message, including such as 

· Option 1: When UE-B expects to trigger resource (re)selection for PSCCH/PSSCH transmission to UE-A.
· Option 2: Priority value of UE-B’s transmission is smaller than a threshold.
· Option 3: UE-B’s sensing results is not available.
· Option 4: UE-B has a TB to be transmitted other than the explicit request. .
· Option 5: There is no available inter-UE coordination information at UE-B side for a certain duration of time. 
· Option 6: The size of S_A obtained after Step 7) of Rel-16 TS 38.214 Section 8.1.4 is larger than a threshold. 
· Option 7: Remaining PDB of UE-B’s transmission is larger than a threshold
· Option 8: It is up to UE-B’s implementation.

Although design of trigger conditions lies in the scope of both RAN1 and RAN2, since RAN1 has already been discussing trigger conditions, RAN2 can just wait for RAN1 conclusion before triggering discussions in RAN1. 

[bookmark: _Toc92788427]Regarding when to trigger an explicit request for intended UE-A in Scheme 1 by UE-B, RAN2 waits for RAN1 discussion outcome.
Regarding explicit request message, RAN1 has made the following agreement
Agreement
For Scheme 1, at least following parameters are provided by UE-B’s request:
· Priority value to be used for PSCCH/PSSCH transmission 
· Number of sub-channels to be used for PSSCH/PSCCH transmission in a slot
· Resource reservation interval 
In addition, it would be beneficial to also indicate the following contents
· PDB value of PSSCH transmission
· Request type
· In case of scheme 1 related coordination information is requested, indicating whether preferred resources or non-preferred resources are requested for UE-B’s transmission.


[bookmark: _Toc92788428]In addition to priority value, number of sub-channels and resource reservation interval, RAN2 to discuss whether the following contents are also needed to be carried by the request message in Scheme 1, i.e.,
a. [bookmark: _Toc92788429]PDB value of PSSCH transmission
b. [bookmark: _Toc92788430]Request type indicating whether preferred resources or non-preferred resources requested for UE-B’s transmission.

As agreed in RAN1, the container of inter-UE coordination information transmission in scheme 1 from UE-A to UE-B contains N combinations of TRIV, FRIV, resource reservation period. 

[bookmark: _Toc54292646][bookmark: _Toc92788423]The container of inter-UE coordination information transmission in Scheme 1 from UE-A to UE-B contains N combinations of TRIV, FRIV and resource reservation period. 
Regarding trigger conditions for UE-A to send an inter-UE coordination information to UE-B in scheme 1, RAN1 has discussed the following options
· Option 1: When UE-A identifies that UE-B’s reserved resource(s) are overlapping with reserved resources indicated by other UE(s). 
· Option 2: When the number of failure of TB decoding at UE-A side is larger than a threshold, if UE-A is a destination UE of a TB transmitted by UE-B.
· Option 3: When CBR measurement at UE-A side is larger than a threshold.
· Option 4: When priority value of reserved resource(s) of other UE(s) is smaller than a threshold.
· Option 5: When inter-UE coordination information was not transmitted for a certain duration of time.
· Option 6: It is up to UE-A’s implementation.
Design of trigger conditions would require additional design efforts in both RAN1 and RAN2. Given limited time left in Rel-17, it is sufficient to leave to UE-A’s implementation to determine when to trigger an inter-UE coordination information to intended UE-B. 

[bookmark: _Toc92788431]For non-explicit request procedure in Scheme 1, regarding when to trigger a transmission of inter-UE coordination information to UE-B by UE-A, RAN2 can wait for RAN1 discussion outcome.
2.2.2   MAC CE aspects
In case MAC CE is used as the container for inter-UE coordination, it is beneficial to introduce latency bound for the MAC CE. In other words, the expected inter-UE coordination needs to be provided to UE-B within the latency bound, otherwise, the information would become invalid. Latency bound shall be defined for both inter-UE coordination request and inter-UE coordination information transmission.
[bookmark: _Toc92788432]Introduce latency bound for inter-UE coordination information transmission.
In case a UE-B triggers an explicit request message for intended UE-A, after UE-A has received the request message from UE-B, the expected coordination information needs to be provided to UE-B by UE-A in time so that UE-B can determine its resources for transmission considering the received coordination information. Otherwise, the coordination information becomes too late for UE-B to take this coordination information into account. Same as CSI reporting procedure defined in R16, UE-A can be configured with the inter-UE coordination latency bound by its peer UE via PC5-RRC signaling, 

[bookmark: _Toc92788433]For explicit request procedure in Scheme 1, UE-A should provide the inter-UE coordination information to UE-B within a latency bound after reception of a request message from UE-B.
In case of non-explicit request procedure in Scheme 1, as soon as a trigger condition is met, UE-A needs to transmit the coordination information within a latency bound so that UE-B can determine its resources for transmission considering the received coordination information. Otherwise, the coordination information becomes too late for UE-B to take this coordination information into account.

[bookmark: _Toc92788434]For non-explicit request procedure in Scheme 1, UE-A should transmit the coordination information to UE-B within a latency bound after a trigger condition for inter-UE coordination is met.
In addition, RAN2 can further discuss if a common latency bound can be applied for both explicit request procedure and non-explicit request procedure in scheme 1.
[bookmark: _Toc92788435]RAN2 to discuss whether a common latency bound can be applied for both explicit request procedure and non-explicit request procedure in Scheme 1.
RAN2 needs to discuss priority order for the MAC CE. The three options are expected to be possible for discussion.

Option 1: higher priority order is granted to the inter-UE coordination MAC CE than CSI reporting MAC CE

Option 2: lower priority order is granted to the inter-UE coordination MAC CE than CSI reporting MAC CE

Option 3: same priority order is granted to inter-UE coordination MAC CE as CSI reporting MAC CE

In our view, it is sufficient to let inter-UE coordination MAC CE to share the same priority order as CSI reporting MAC CE, since both MAC CEs are associated with latency bound. The UE can apply similar treatment for both MAC CEs without further differentiation between them in terms of priority order.
[bookmark: _Toc92788436]In case MAC CE is used as the container for inter-UE coordination, inter-coordination MAC CE shares the same priority order as CSI reporting MAC CE.
In case there is no sufficient SL grant to carry both MAC CEs, it can be left to UE implementation to select which MAC CE in the MAC PDU.
[bookmark: _Toc92788437]In case MAC CE is used as the container for inter-UE coordination, it can be left to UE implementation to select either inter-coordination MAC CE or CSI reporting MAC CE in the MAC PDU if size of the SL grant is insufficient to include both MAC CEs.
The UE should be able to transmit the MAC CE alone using a grant without any data from any LCH. In one case, there is no data available from any LCH. In another case, there is data in some LCHs, however, due to the LCHs not matching the LCP restrictions associated with the grant, that data is not selected to be transmitted together with the MAC CE using the grant.
[bookmark: _Toc92788438]In case MAC CE is used as the container for inter-UE coordination, inter-coordination MAC CE is allowed to transmit alone by UE using a grant without any other MAC CE or data from any LCH.
[bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	The container of inter-UE coordination information transmission in Scheme 1 from UE-A to UE-B contains N combinations of TRIV, FRIV and resource reservation period.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Regarding when to trigger an explicit request for intended UE-A in Scheme 1 by UE-B, RAN2 waits for RAN1 discussion outcome.
Proposal 2	In addition to priority value, number of sub-channels and resource reservation interval, RAN2 to discuss whether the following contents are also needed to be carried by the request message in Scheme 1, i.e.,
a.	PDB value of PSSCH transmission
b.	Request type indicating whether preferred resources or non-preferred resources requested for UE-B’s transmission.
Proposal 3	For non-explicit request procedure in Scheme 1, regarding when to trigger a transmission of inter-UE coordination information to UE-B by UE-A, RAN2 can wait for RAN1 discussion outcome.
Proposal 4	Introduce latency bound for inter-UE coordination information transmission.
Proposal 5	For explicit request procedure in Scheme 1, UE-A should provide the inter-UE coordination information to UE-B within a latency bound after reception of a request message from UE-B.
Proposal 6	For non-explicit request procedure in Scheme 1, UE-A should transmit the coordination information to UE-B within a latency bound after a trigger condition for inter-UE coordination is met.
Proposal 7	RAN2 to discuss whether a common latency bound can be applied for both explicit request procedure and non-explicit request procedure in Scheme 1.
Proposal 8	In case MAC CE is used as the container for inter-UE coordination, inter-coordination MAC CE shares the same priority order as CSI reporting MAC CE.
Proposal 9	In case MAC CE is used as the container for inter-UE coordination, it can be left to UE implementation to select either inter-coordination MAC CE or CSI reporting MAC CE in the MAC PDU if size of the SL grant is insufficient to include both MAC CEs.
Proposal 10	In case MAC CE is used as the container for inter-UE coordination, inter-coordination MAC CE is allowed to transmit alone by UE using a grant without any other MAC CE or data from any LCH.
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