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[bookmark: _Toc12641]Introduction
During RAN1#104bis-e meeting, the following agreements are achieved in [1]. Based on these agreements, detailed analysis and proposals about inter-UE coordination are elaborated in this contribution. 
	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
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
Agreement:
· 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


Discussion on the inter-UE coordination  
Inter-UE coordination scheme 1
As mentioned in the agreement above, the scheme-1 is considered with considering on the potential reporting of preferred and/or non-preferred resource. Considering the target issues of using inter-UE coordination, such as half-duplex, hidden node, consecutive collisions, etc., both the preferred resource set and the non-preferred resource set can provide sufficient assistant information to UE-B’s transmission [2]. More specifically, for the preferred resource set, the construction of such set can be conducted with consideration on detailed requirements UE-B’s transmission by precluding resource which may lead to long-term collision or performance degradation. In this way, the reported resource is kind of optimized configuration for following transmission/reception. W.r.t the non-preferred resource, the corresponding indication will directly aim to preclude the known collision based on UE-A’s information including the half-duplex issue and collision due to consistent interference. 
[bookmark: _Toc71626340]Both the preferred and not preferred resources set can provide sufficient assistant information for UE-B’s resource selection
[bookmark: _Toc71626283]The scheme-1 can be used to handle all target issues, e.g., half-duplex, hidden node, consecutive collisions, by providing sufficient information to avoid the long term collision.
For scheme-1, in order to send the preferred or not preferred resources set to UE-B, which may contain more than one resources relevant to several issues, the signaling exchanges is preferred to be based on the PC5 RRC connection by unified framework. Meanwhile, w.r.t the detailed contention for reporting, from scheduling perspective, these two kinds of resource set are supplementary for each other and can be used according to the needs at UE-B. Then, for the scheme-1, no further down-selection between these two report types are needed.
[bookmark: _Toc71381591][bookmark: _Toc71381990][bookmark: _Toc71381592][bookmark: _Toc71381991][bookmark: _Toc71381593][bookmark: _Toc71381992][bookmark: _Toc71381596][bookmark: _Toc71381995][bookmark: _Toc71381597][bookmark: _Toc71381996][bookmark: _Toc71381598][bookmark: _Toc71381997][bookmark: _Toc71626284]For scheme 1, both the preferred resource set and the non-preferred resource set should be support via a unified framework without down-selection.
Discussion on the detailed procedures for scheme-1
W.r.t the operation of sheme-1, the detailed procedure is illustrated in Figure 1 with following steps:
1) Step 1: UE-B triggers the inter-UE coordination procedure;
2) Step 2: UE-A determines a set of resources according to the indication of UE-B, i.e., preferred and/or not preferred resources;
3) Step 3: UE-A sends the resource set report to UE-B;
4) Step 4: UE-B selects sidelink resources by taking the resources set into account;
5) Step 5: UE-B transmits sidelink data on the selected resources;
[image: signaling procedure]
[bookmark: _Ref7009]Figure 1 signaling procedure of inter-UE coordination scheme 1
· Step 1 
As mentioned above, the motivation of introduction on inter-UE coordination is to provide assistant information to sidelink Tx UE (UE-B) for improving the resource selection. From UE-B’s perspective, whether to trigger the coordination procedure should be determined according to whether/when/which services the assistant information is needed. On the other hand, if the coordination is triggered by UE-A without clear target Tx UE, more signaling and resources may be wasted. Moreover, as highlighted, to harvest the maximum gain of scheme-1, the PC5 RRC connection is also needed. Then, the inter-UE coordination procedure should be triggered by UE-B, e.g., indicating UE-A to initialize the procedure of determining and reporting resources. More specifically, conditions in which UE-B triggers the procedure can be up to its implementation, and the following factors could be considered:
· Data for unicast/groupcast
· High QoS requirement of data
· High level of CBR 
· High level of RSRP 
· Consecutive NACK
In this way, once UE-B decides to trigger the inter-UE coordination, it should send a trigger signaling to UE-A. When explicit trigger signaling from UE-B to UE-A is used, UE-A could determine the preferred resource set or the non-preferred resource set for UE-B’s transmission according to UE-B’s request. 
[bookmark: _Toc71381600][bookmark: _Toc71381999][bookmark: _Toc71626285]Explicit trigger signaling from UE-B to UE-A is supported for inter-UE coordination scheme 1.
With the assumption that explicit trigger signaling is used to initialize the inter-UE coordination for scheme-1, to avoid the potential signaling storm from UE-As, the determination of UE-A can be decided by the UE-B directly according to the its own implementation. Meanwhile, by selecting the UE’A from the intended receiver set of UE-B, the obtained information is more useful to provide the guidance for following transmission. Otherwise, potential misalignment on the channel/collision condition will have negative impacts on the performance. For example, in case of unicast, the receiver of UE-B will be the UE-A to facilitate the transmission.
[bookmark: _Toc71626286]For scheme 1, the intended receiver UE of UE-B can be selected as UE-A if it’s explicitly requested by UE-B to provide coordination information.
· Step 2 
In fact, to ensure the selected resources is well matched with the UE-B’s requirements in scheme 1, additional requirements or configurations should be indicated to UE-A via the trigger signaling from UE-B besides the trigger indication, such as the type of resources, resource set reporting format (one-shot or periodic), and the number of resources contained in a set, etc. 
For the preferred resource set, it is easy to determine resources which are preferred for UE-A’s receiving. On sidelink, UE-A receives and decodes signaling in its receiving resource pool(s) and performs SCI decoding and sensing in its transmission resource pool except the slots which have half-duplex constraint with its own transmission. According to the decoded SCIs and measured RSRP, UE-A can determine resources which are more suitable for its receiving, i.e., the resources have no collision with UE-A’s own transmission and with RSRP as lower as possible. During the process, UE-A can determine the preferred resources for its receiving without any additional processing or indication except reusing the information obtained in its legacy sensing and receiving. That is to say, UE-A can provide the proposed resources for its receiving based on its receiving and sensing results.  
Furthermore, the resources available for UE-A’s receiving may not accurately match to the preferred resources for UE-B’s transmission. As shown in Figure 2, within sidelink resource pools, there are several resources can be determined as preferred resources for UE-A’s receiving, while the resources preferred for UE-B’s transmission should be allocated in transmission resource pool of UE-B and contains enough sub-channels which depend on the requirement of UE-B. 
Similarly, the not preferred resources for UE-B’s transmission should be determined by UE-A according to its sensing and receiving, including the followings:
· The slot(s) on which UE-A performs its transmission
· Resources reserved by other UEs which are identified by decoding SCI
· Resources may suffer collision which can be detected by decoding SCI or sensing
· Resources with high level of RSRP which are determined according to UE-A’s sensing 
Considering the items above, information relevant to determine the not preferred resources for UE-B’s transmission can be obtained depending on result of receiving and sensing process of UE-A. Similar to the preferred resource set, according to the decoded SCI and sensing result, UE-A can easily determine the resources which are not preferred for UE-B’s transmission with indicated sensing parameters from UE-B.
Obviously, in order to determine preferred/non-preferred resources for UE-B’s transmission, sensing related parameters of UE-B should be indicated to UE-A, such as period, size of resource, priority, etc. Then, UE-A can perform sensing and selection process according to the requirements of UE-B instead of its own.
[bookmark: _Toc71626341]The preferred/non-preferred resources determined based on UE-A’s own sensing parameters may not accurately match to the preferred resource for UE-B’s transmission.  
[image: two sets for Type A]
Figure 2 An example of preferred resources set for scheme 1 
In Rel-16, per-Tx resource pool basis sensing is used, and to determine the set of resources preferred and/or non-preferred for UE-B’s transmission, the related sensing procedure should be performed on UE-B’s Tx resource pool. As discussed above, for inter-UE coordination scenarios, sensing procedure to determine the preferred and/or non-preferred resources for UE-B’s transmission could be performed at UE-A, so UE-B should inform UE-A which resource pool is used for this sensing procedure.
[bookmark: _Toc71626287]In order to obtain the accurate preferred/non-preferred resources set for UE-B’s transmission, the followings should be informed to UE-A from UE-B:
· [bookmark: _Toc71626288]The resource set type for reporting, e.g., preferred or non-preferred.
· [bookmark: _Toc71626289]The sensing related parameters, e.g., priority, remaining delay budget, expected resource granularity.
· [bookmark: _Toc71626290]Resource pool for UE-A’s sensing.
With reception of the trigger signaling form UE-B including the assistance information mentioned above, UE-A should determine a set of resources according to the indication based on its own sensing result. For example, to determine preferred resources, UE-A can select the resources within SA which should be generated by reusing the legacy mode 2 sensing and resource selection process, while to determine not preferred resources, UE-A can select the resources which are reserved by other UEs and itself or with high RSRP, etc. 
As UE-A should always keep sensing on sidelink resource pools to receive signals and be ready for its own transmitting resource selection, the existing measurement result for sensing can be reused when a set of resources need to be determined for inter-UE coordination. From UE-A’s perspective, there is slightly different between selecting resources for itself in legacy process and determining a set of resources for UE-B’s transmission. Based on the legacy mode 2 process, the negligible latency and complexity will be introduced in step 2 to determine resource set for inter-UE coordination.
[bookmark: _Toc71626342]Both the preferred resource set and the non-preferred resource set could be determined according to the measurement result of UE-A’s sensing with negligible latency and complexity.   
[bookmark: _Toc71626291]To determine the set of resources preferred/non-preferred for UE-B’s transmission, UE-A should  perform the sensing procedure based on the indicated sensing parameters from UE-B
· Step 3 
To feedback the set of resources to UE-B, the same signaling and format can be defined for both the preferred resource set and the non-preferred resource set. In the report, time and frequency domain resource allocation of one or more determined resources should be sent to UE-B. It is irrelevant to the Type of resources, i.e., preferred or not preferred resources, which should be assigned in previous step. Therefore, an identical scheme of signaling and report format in step 3 can be shared.  
[bookmark: _Toc71626292]An identical signaling to report the set of resources to UE-B should be used for both preferred and non-preferred resource set. 
Besides, the size of the resource set reported by UE-A may contain numbers of bits, especially when it includes more than one preferred or not preferred resources. In this case, with assumption on the existence of PC5 RRC connection between UE-A and UE-B, the information exchanges can be conducted over the allocated resource for PSSCH channel.
[bookmark: _Toc71381609][bookmark: _Toc71382008][bookmark: _Toc71626293]PSSCH carrying resource report via either RRC or MAC CE is preferred. 
· Step 4 
There various options were discussed on how to use the assistant information by UE-B, but when to use the coordination information is not addressed during last meeting. For Mode 2, the resource (re-)selection procedure includes the following steps as we agreed in Rel-16.
· Step 1): Identification of candidate resources within the resource selection window
· Step 2): Resource selection for (re-)transmission(s) from the identified candidate resources
One of the approaches is to take the coordination information into account during resource (re-)selection procedure step 1). But from our point of view, it is difficult to maintain the number of candidate resources to X% of the total resource for this approach, and it will also cause a lot of changes on legacy sensing procedure. 
Taking unicast between UE-A and UE-B as an example, a subset of resource can be determined by taking intersection between the preferred resources given by UE-A and the resources in SA which is selected by UE-B itself. Then, UE-B can further choose resource in the subset for its transmission to UE-A. As the ideal case, the selected resource practically presents the sensing result of both UE-A and UE-B, performance improvement is desirable. But, if it is mandated for UE-B to follow the resources reported from UE-A, it would severely limit the freedom of UE-B’s resource selection and may weaken the potential benefits of coordination. Considering the case of groupcast, UE-B may receive assistant information from more than one UE-A(s). Accordingly, either intersecting the preferred resource sets or taking union set of not preferred resource sets of all the UE-A(s), it may lead to no resource can be used by UE-B in extreme cases. 
Another drawback of taken the coordination information into account during step 1) is that High layer (MAC layer) cannot get the original sensing results of UE-B/UE-A, it doesn’t know the reason why a resource is excluded. Considering the additional flexibility in resource selection for different scenarios, we think it makes sense to make the original sensing result available at MAC layer.
[bookmark: _Toc71626343]Mandating the UE-B’s behaviors on how to use the set of resources reported during sensing procedure (e.g., resource exclusion procedure) may weaken the benefits of inter-UE coordination.
Another approach is to take the coordination information into account during resource (re-)selection procedure step 2), and the received coordination information could be considered at resource selection procedure in MAC layer, and the details can be up to RAN2. An example of this approach is shown below:
· UE’B reports SA to higher layer based on legacy mechanism, e.g., SA can be derived based on UE-B’s sensing or partial sensing result, or SA is equal to Mtotal if random selection is configured by higher layer.
· Higher layer can also get SB (preferred resource set or non-preferred resource set) from UE-A’s coordination information.
· Up to high layer to determine how to use SA and/or SB to select/re-select the proper resources for UE-B’s transmission.
For such approach, current sensing procedure is maintained at UE-B and both results including the reported from UE-A will be available at UE-B’s higher layer. Therefore, it’s preferred to adopt this approach which is beneficial for the progress.
[bookmark: _Toc71626294]W.r.t the usage of coordination information, the received information can be take into account during the resource (re-)selection procedure step 2). 
If the coordination information is taken into account during resource (re-)selection procedure step 2), for the options on how to use the assistant information, we think option 1-1 can be further considered.
· At Rel-16, UE-B’s own sensing results can be used for its transmission resource (re)-selection and also can be used for re-evaluation and pre-emption, at Rel-17, the sensing results from UE-A can be additionally considered(if available) during transmission resource (re)-selection(option 1-4) and re-evaluation and pre-emption(option 1-3), and the details can be up to RAN2.
· For option 1-2, UE-B may consume more power to receive UE-A’s sensing results via PSSCH decoding than partial sensing just via PSCCH decoding, and as discussed in power saving AI, a power saving UE may not have the capability to receive PSSCH. So the motivation of option 1-2 is not clear and its benefit is not justified.
[bookmark: _Toc71626295]The following results should be considered for the determination of UE-B’s resource, and details can be up to RAN2’s decision:
· [bookmark: _Toc71626296]UE-B’s resource(s) to be used for its transmission resource (re)-selection 
· [bookmark: _Toc71626297]UE-B’s resource(s) to be re-selected based on both UE-B’s sensing result 
· [bookmark: _Toc71626298]The received coordination information(if available)
After choosing appropriate resources, UE-B uses the determined resources to transmit its sidelink signaling as in step 5. 
Inter-UE coordination scheme 2
Different from scheme 1, in which the identification on resources is determined by several factors, the resources reported in scheme 2 is mainly applicable up to the collision detected. In short, following two scenarios are considered:
· Case 1 the detected resource conflict: Resource collisions which have occurred and are detected according to SCI decoding or RSRP measurement
· Case 2 the expected/potential conflict: Resource collisions which may occur in the future and be determined according to the reservation indication in SCI, including the resources reserved for retransmission and SPS service
For case 1, the inter-UE coordination aims to improve UE-B’s resource selection instead of additional HARQ ACK-NACK feedback, the corresponding benefits are not clear. For example, in unicast, PSFCH should be used to feedback the case 1 collision if necessary. For groupcast and broadcast, an indicator of case 1 collision, i.e., the resource conflict already happened has almost the same meaning as NACK without additional benefits. Moreover, additional complexity and advanced UE capability on SCI detection is required to enable this mechanism.
For the case 2, comparing to the scheme-1, which can give the guidance to avoid the long term collisions, the enhancement to enable the reporting to deal with the expected/potential conflict according to the SCI could be beneficial to deal with the bursty inference or collision. This mechanism can be considered as complementary solution if the aperiodic issue are needed to be addressed. 
[bookmark: _Toc71626344]By indicating the detected resource conflict, the functionality of scheme 2 is similar to legacy HARQ mechanism without additional benefits.
[bookmark: _Toc71626299][bookmark: _Toc66440839]For scheme 2, reporting of non-preferred resource set to deal with the expected/potential conflict can be prioritized.
[bookmark: _Toc21424][bookmark: _Toc19611][bookmark: _Toc18667][bookmark: _Toc27407][bookmark: _Toc20096]Conclusion
According to the discussion above, the following observations and proposals are presented:
Observation 1:	Both the preferred and not preferred resources set can provide sufficient assistant information for UE-B’s resource selection
Observation 2:	The preferred/non-preferred resources determined based on UE-A’s own sensing parameters may not accurately match to the preferred resource for UE-B’s transmission.
Observation 3:	Both the preferred resource set and the non-preferred resource set could be determined according to the measurement result of UE-A’s sensing with negligible latency and complexity.
Observation 4:	Mandating the UE-B’s behaviors on how to use the set of resources reported during sensing procedure (e.g., resource exclusion procedure) may weaken the benefits of inter-UE coordination.
Observation 5:	By indicating the detected resource conflict, the functionality of scheme 2 is similar to legacy HARQ mechanism without additional benefits.

Proposal 1:	The scheme-1 can be used to handle all target issues, e.g., half-duplex, hidden node, consecutive collisions, by providing sufficient information to avoid the long term collision.
Proposal 2:	For scheme 1, both the preferred resource set and the non-preferred resource set should be support via a unified framework without down-selection.
Proposal 3:	Explicit trigger signaling from UE-B to UE-A is supported for inter-UE coordination scheme 1.
Proposal 4:	For scheme 1, the intended receiver UE of UE-B can be selected as UE-A if it’s explicitly requested by UE-B to provide coordination information.
Proposal 5:	In order to obtain the accurate preferred/non-preferred resources set for UE-B’s transmission, the followings should be informed to UE-A from UE-B:
•	The resource set type for reporting, e.g., preferred or non-preferred.
•	The sensing related parameters, e.g., priority, remaining delay budget, expected resource granularity.
•	Resource pool for UE-A’s sensing.
Proposal 6:	To determine the set of resources preferred/non-preferred for UE-B’s transmission, UE-A should  perform the sensing procedure based on the indicated sensing parameters from UE-B
Proposal 7:	An identical signaling to report the set of resources to UE-B should be used for both preferred and non-preferred resource set.
Proposal 8:	PSSCH carrying resource report via either RRC or MAC CE is preferred.
Proposal 9:	W.r.t the usage of coordination information, the received information can be take into account during the resource (re-)selection procedure step 2).
Proposal 10:	The following results should be considered for the determination of UE-B’s resource, and details can be up to RAN2’s decision:
	UE-B’s resource(s) to be used for its transmission resource (re)-selection
	UE-B’s resource(s) to be re-selected based on both UE-B’s sensing result
	The received coordination information(if available)
Proposal 11:	For scheme 2, reporting of non-preferred resource set to deal with the expected/potential conflict can be prioritized.
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