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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
For NR sidelink enhancement WI, the objective of Mode 2 enhancements is 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.


On the objective mentioned above, RAN1 made the following conclusion for feasibility and benefits of inter-UE coordination [1]:
	· Conclusions on feasibility/benefit of inter-UE coordination
· 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
· Draft LS in R1-2102165, along with the attachment R1-2102166, is approved (with a typo fix). Final LS in R1-2102168.


RAN1 also have same further discussions in following meeting as shown in [2][3].
This contribution will discuss the following aspects related to inter-UE coordination and give our preferences on them:
· Scenarios
· The form of signaling for assistance information
· Supported cast type 
· How to identify a coordinating UE
2. Discussion
2.1 Scenario
The inter-UE coordination procedure is designed for mode-2 for a UE to provide resources or assistance information on resources to another UE for better resource utilization. This can be considered to be supported for both one-to-one and one-to-many scenarios.
For one-to-one case, it can be supported in sidelink unicast link where e.g. vehicles/mobile users can perform this inter-UE coordination procedure when there is ongoing V2X/P2X service and resources need to be negotiated.
For one-to-many case, this can also be considered as in some commercial cases such as multiple personal wearable devices connected environment e.g. cell phone with smart watch and smart glasses, which may adopt sidelink relay architecture, the relay node can be able to provide suggested resources for multiple remote UEs.


[bookmark: _Ref68022430]Figure 1 Example of One-To-One scenario for inter-UE coordination procedure


Figure 2 Example of One-To-Many scenario for inter-UE coordination procedure
Supporting for one-to-many scenario doesn’t necessarily mean groupcast is supported. E.g. in relay architecture, the relay node can have multiple unicast links with different remote UEs. The discussion about cast type can be further evaluated by RAN2 based on use cases, signaling overhead, and so on.
[bookmark: _Ref68023825]Proposal 1: One-To-One and One-To-Many scenarios are supported for inter-UE coordination procedure.
2.2 Form of signalling and cast type
According to RAN1 evaluation, the following three types are studied:
	· Type A: UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· Type B: 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
· Type C: UE-A sends to UE-B the set of resources where the resource conflict is detected


Further in RAN1 #104bis-e meeting [2], it was agreed that:
	· Agreement:
· 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


It can be observed that type A/B is integrated as Inter-UE Coordination Scheme 1 while type C becomes Scheme 2.
For Scheme 1, the scheme is similar to the legacy dynamic grant or configured grant allocation procedure, where the UE-B would allocate grant to UE-A based on assistance information from UE-A.
Moreover, in LTE, a mode-3 UE can be configured with sensing and reporting by the eNB. The sensing result will be reported to eNB by MeasResultSensing-r15:
MeasResultSensing-r15 ::=	SEQUENCE {
	sl-SubframeRef-r15			INTEGER (0..10239),
	sensingResult-r15			SEQUENCE (SIZE (0..400)) OF SensingResult-r15
}

SensingResult-r15 ::=	SEQUENCE {
	resourceIndex-r15			INTEGER (1..2000)
}
	resourceIndex
Indicates the available resource candidates within the [T1, T2] window as specified in TS 36.213 [23]. clause 14.1.1.6. Value 1 indicates the resource candidate on the subframe indicated by sl-SubframeRef, from subchannel 0 to sensingSubchannelNumber-1. Value 2 indicates the resource candidate on the first subframe following the subframe indicated by sl-SubframeRef, from subchannel 0 to sensingSubchannelNumber-1 (Value 101 indicates the resource candidate on the subframe indicated by sl-SubframeRef, from subchannel 1 to sensingSubchannelNumber, if the numSubchannel of the resource pool is larger than sensingSubchannelNumber) and so on.


The available resources candidates will be reported to gNB, somehow similar to type A mechanism for inter-UE coordination.
So, we may consider to use PC5-RRC signalling to perform Scheme 1 coordination, and Uu mechanism can be reused to some extent to simplify the whole design.
[bookmark: _Ref70699447]Observation 1: Inter UE coordination Scheme 1 may partially reuse legacy Uu dynamic/configured grant allocation procedure.
It should be noticed that in Rel-16 NR sidelink, PC5-RRC signaling has been introduced only to unicast links. Meanwhile, In Rel-16, there is only one MAC CE i.e. Sidelink CSI Reporting MAC CE introduced based on SL-CSI reporting procedure which is also performed on each PC5-RRC connection.
So, generally, the decision on which signalling should be used to capture the suggested resources from UE-A to UE-B is actually affected by the following aspects:
· The latency requirement.
· E.g. PC5-RRC signaling has to be sent after unicast link setup, and has shortcomings on latency compared to MAC CE or PHY signaling. For different types, the latency requirement may be different, e.g. type A likely has higher latency requirement than type B, as the former one is providing the actual resources used for transmission.
· The cast type to be supported
· E.g. if we agree to support inter-UE coordination in groupcast, the PC5-RRC signaling may not be used if we don’t want to extend its use case to groupcast in Rel-17 (as it is not supported in Rel-16).
· The content to be included in the message.
· E.g. In type A/B (Scheme 1), PC5-RRC or MAC CE may need to be used to carry the information of set of resources, at the same time PHY signaling may be used in type C (Scheme 2) to only include e.g. 1 bit indication to trigger UE-B to perform resource reselection.
· The role of UE-A, i.e. peer UE or third UE
· E.g. if we agree the UE-A can be a third UE (not have to be the peer RX UE of UE-B), then we may use MAC CE for the signaling because otherwise we may have to restrict UE-A to set up unicast links with UE-B to send PC5-RRC message, when there is no unicast service but only for the purpose of inter-UE coordination procedure.
In a word, at this early stage we think PC5-RRC and MAC CE can both be considered to carry the information of the set of resources, because PC5-RRC is suitable in unicast scenario while MAC CE has advantages on connection-less use cases and latency. The down-selection of PC5-RRC and MAC CE can be performed later when above aspects have been studied, or, it can also be left to RAN1 decision.
For cast type, at least unicast should be supported. For groupcast and broadcast, this can be FFS. If we e.g. agree to use MAC CE for the signaling from UE-A to UE-B, it may be extended from unicast to groupcast without extra specification impact (e.g. by replacing the unicast destination L2 ID with group destination L2 ID in MAC header), and then we don’t need to exclude inter-UE coordination procedure for groupcast. Therefore,
[bookmark: _Ref68023828]Proposal 2: From RAN2’s point of view, PC5-RRC and/or MAC CE can be supported to carry the information of the set of resources from UE-A to UE-B. 
[bookmark: _Ref70699568]Proposal 3: Inter UE coordination procedure is supported for at least unicast. Other cast types can be discussed later e.g. after the signalling design is completed. 
2.4 Identification of UE-A
In RAN2 #116e meeting, the identification of UE-A and UE-B is discussed respectively for scheme-1 and scheme-2, as follows[4]:
	RAN1 #116e Agreement
· In scheme 1, the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination information transmission triggered by an explicit request in Mode 2:
· A UE that sends an explicit request for inter-UE coordination information can be UE-B
· A UE that received an explicit request from UE-B and sends inter-UE coordination information to the UE-B can be UE-A
· Working assumption At least a destination UE of a TB transmitted by UE-B can be UE A
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Additional details and conditions on UE-A and UE-B
· Working Assumption In scheme 1, the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination information transmission triggered by a condition other than explicit request reception in Mode 2:
· A UE that satisfies the condition mentioned in the main bullet and sends inter-UE coordination information is UE-A
· A UE that received inter-UE coordination information from UE-A and uses it for resource (re-)selection is UE-B
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Additional details and conditions on UE-A and UE-B
Agreement
In scheme 2, at least the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination transmission triggered by a detection of expected/potential resource conflict(s) in Mode 2:
· A UE that transmitted PSCCH/PSSCH with SCI indicating reserved resource(s) to be used for its transmission, received inter-UE coordination information from UE-A indicating expected/potential resource conflict(s) for the reserved resource(s), and uses it to determine resource re-selection is UE-B
· A UE that detects expected/potential resource conflict(s) on resource(s) indicated by UE-B’s SCI sends inter-UE coordination information to UE-B, subject to satisfy one of the following conditions, is UE-A
· Working assumption At least a destination UE of one of the conflicting TBs, i.e., TBs to be transmitted in the expected/potential conflicting resource(s)
· Whether a non-destination UE of a TB transmitted by UE-B can be UE-A is (pre-)configured
· FFS: Additional details and condition(s) on UE-A and UE-B


From RAN2’s perspective, how to identify UE-A can also be discussed, e.g. whether the peer RX UE should be UE-A to provide suggested resources to UE-B, or another third UE can also be UE-A to help UE-B. Meanwhile, the third UE, at the same time, can also be one of those RX UEs who have transmissions with UE-B. These three cases are as follows:

 
[bookmark: _Ref68022438]Figure 3 Peer RX UE serve as UE-A to send assistance information to UE-B

 
[bookmark: _Ref68022450]Figure 4 A third UE serve as UE-A to send assistance information to UE-B


Figure 5 One of Peer RX UEs serve as UE-A to send assistance information to UE-B
For Figure 3, the scenario is simple/straightforward and we can easily reuse PC5-RRC to transmit the assistance information. However, for Figure 4, it has some additional benefits such as:
a. The UEs participating in data transmission/reception don’t need to be capable of performing inter-UE coordination. Instead, UEs with advanced capabilities (e.g. RSU) can serve as UE-A to send assistance information.
b. The assistance information sent from a third UE can be used for services of all cast types by UE-B to its RX-UE.
Therefore, it seems the scenario in Figure 4 should also be supported. How to identify this third UE can be further discussed, e.g. it can be one of the peer RX UEs, or it can decided by application layer. 
[bookmark: _Ref68023823]Observation 2: The scenario where a third UE serve as UE-A to send assistance information to UE-B is beneficial when the peer RX-UE of UE-B is not capable of inter-UE coordination or groupcast/broadcast service is performed between UE-B and its peer RX-UE.
[bookmark: _Ref68023829][bookmark: OLE_LINK2]Proposal 4: Peer RX UE as well as a third UE can serve as UE-A to send assistance information to UE-B in inter-UE coordination. FFS on how to select a third UE (e.g. based on application layer solution).
2.5 Basic procedure
The following is two examples of the basic procedure for inter-UE coordination.



[bookmark: _Ref68023776]Figure 6 Example of inter UE coordination procedure (when UE-A is RX UE and UE-B is TX UE)


[bookmark: _Ref68023783]Figure 7 Example of inter UE coordination procedure (when UE-A is a third UE and UE-B is TX UE)
Step 1: The TX UE (UE-B) send a request to UE-A initiate the inter-UE coordination procedure.
Step 2: UE-A determine the resources that is preferred/not preferred based on e.g. its sensing result
Step 3: UE-A sends to UE-B the set of resources (not) preferred for UE-B’s transmission.
Step 4: UE-B takes the assistance information from UE-A into account in the resource selection for its own transmission.
Step 5: UE-B perform data transmission.
The procedure can be initiated by UE-B’s request (in step 1) to reduce unnecessary inter-UE coordination. In RAN1 both request-based procedure and non-request-based procedure have been agreed, as follows[4]:
	RAN1 #116e Agreement
· In scheme 1, the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination information transmission triggered by an explicit request in Mode 2:
· A UE that sends an explicit request for inter-UE coordination information can be UE-B
· A UE that received an explicit request from UE-B and sends inter-UE coordination information to the UE-B can be UE-A
· Working assumption At least a destination UE of a TB transmitted by UE-B can be UE A
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Additional details and conditions on UE-A and UE-B
· Working Assumption In scheme 1, the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination information transmission triggered by a condition other than explicit request reception in Mode 2:
· A UE that satisfies the condition mentioned in the main bullet and sends inter-UE coordination information is UE-A
· A UE that received inter-UE coordination information from UE-A and uses it for resource (re-)selection is UE-B
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Additional details and conditions on UE-A and UE-B



From RAN1 agreement, it is obvious that the procedure can be started from a request from UE-B, or not. Therefore, the above two figures can be considered as baseline for inter-UE coordination procedure, where the first step is dashed line. 
[bookmark: _Ref68023831]Proposal 5: Take Figure 6 and Figure 7 as the baseline of signalling transfer for inter-UE coordination procedure.
3. Conclusion
We have the following observation and proposals:
Observation 1: Inter UE coordination Scheme 1 may partially reuse legacy Uu dynamic/configured grant allocation procedure. 
Observation 2: The scenario where a third UE serve as UE-A to send assistance information to UE-B is beneficial when the peer RX-UE of UE-B is not capable of inter-UE coordination or groupcast/broadcast service is performed between UE-B and its peer RX-UE.

Proposal 1: One-To-One and One-To-Many scenarios are supported for inter-UE coordination procedure. 
Proposal 2: From RAN2’s point of view, PC5-RRC and/or MAC CE can be supported to carry the information of the set of resources from UE-A to UE-B.
Proposal 3: Inter UE coordination procedure is supported for at least unicast. Other cast types can be discussed later e.g. after the signalling design is completed.
Proposal 4: Peer RX UE as well as a third UE can serve as UE-A to send assistance information to UE-B in inter-UE coordination. FFS on how to select a third UE (e.g. based on application layer solution).
Proposal 5: Take Figure 6 and Figure 7 as the baseline of signalling transfer for inter-UE coordination procedure.
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