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[bookmark: _Toc12641]Introduction
During RAN1#104-e meeting, the following conclusions are achieved in [1]. Based on these conclusions, detailed analysis and proposals about inter-UE coordination are elaborated in this contribution. 
	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.
· RAN1 has studied and evaluated schemes of inter-UE coordination in the following categories:
· 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


Discussion on the inter-UE coordination  
Type A/B scheme
Among the above three Types of inter-UE coordination, Type A and Type B schemes are derived by following the same principle that UE-A determines and reports a set of resources to UE-B as assistant information. The main difference between Type A and Type B is the resources encapsulated in the set, i.e. preferred resources for UE-B’s transmission in Type A scheme and not preferred resources in Type B scheme. Therefore, for both Type A and Type B schemes, a unified scheme can be shared, including the inter-UE coordination procedure, signaling exchanging between UE-A and UE-B and resources set format. Based on the same scheme structure and signaling process, only additional minor specification efforts is needed for the difference between Type A and Type B. 
Unified procedure for Type A and Type B scheme
An example of unified signaling procedure for both Type A and Type B schemes is shown in Figure 1, including:
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 Type A/B inter-UE coordination
· Step 1 
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. 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, the needs for UE-B to trigger the procedure can be mainly up to following conditions:
· 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. Besides the trigger indication, UE-B may inform some additional requirement or configuration to UE-A via the trigger signaling as well, such as the Type of resources, resource set reporting format (one-shot or periodic), and the number of resources contained in a set, etc. 
[bookmark: _Toc25768]Inter-UE coordination procedure should be triggered by UE-B according to its requirement.
· Step 2 
After receiving the trigger signaling form UE-B, UE-A should determine a set of resources according to the indication based on its own sensing result. For example, to determine preferred resources (Type A), 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 (Type B), 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. In details, for Type A scheme, UE-A should calculate and select resources according to the demand of UE-B instead of its own requirement. For Type B scheme, UE-A can take the resources, which are excluded from the legacy sensing and selection process, into the not preferred resources set. 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: _Toc68679704]For both Type A and Type B schemes, the resource set should be determined according to the measurement result of UE-A’s sensing with negligible latency and complexity.
[bookmark: _Toc1180]UE-A should determine the set of resources based on its sensing result which is obtained by reusing legacy mode 2 process.
· Step 3 
To feedback the set of resources to UE-B, the same signaling and format can be defined for both Type A and Type B schemes. 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 by Type A and Type B schemes.  
[bookmark: _Toc3308]An identical signaling to report the set of resources to UE-B should be used for both Type A and Type B schemes. 
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. It should be delivered as a data packet using PSSCH resource.  
[bookmark: _Toc6118]PSSCH is preferred to carry the resources set report. 
· Step 4 
Considering the set of resources from UE-A, there may be various options on how to use the assistant information during its resource selection process by UE-B. 
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. 
Therefore, it should be avoided to specify the UE-B’s behavior on how to use the received information during inter-UE coordination and it’s preferred to leave it as implement, which is also beneficial for the progress.
[bookmark: _Toc68679705]Specifying the UE-B’s behaviors on how to use the set of resources reported may weaken the benefits of inter-UE coordination.
[bookmark: _Toc13799][bookmark: _Toc47557290]How to use the assistant information from UE-A should be an implement issue of UE-B. 
After choosing appropriate resources, UE-B uses the determined resources to transmit its sidelink signaling as in step 5. 
Considering the target issues of using inter-UE coordination, such as half-duplex, hidden node, consecutive collisions, etc., both Type A and Type B schemes can provide sufficient assistant information to UE-B’s transmission [2]. For Type A scheme, the resources on slot(s) which are used for UE-A’s transmission should not be contained in the preferred resources set to avoid half-duplex issue, and also the resource with collision or high level interference to mitigate the hidden node and collision issues. It can also be resolved by using Type B scheme since the resources impacted by half-duplex, collision and hidden node issues should be marked as not preferred resources. It means that both Type A and B schemes can offer necessary information to resolve the target issues for inter-UE coordination.
Meanwhile, 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, it’s preferred to enable the PC5 RRC connection between UE-A and UE-B to carry the resources set report. 
In general, besides the unified procedure, Type A and B schemes also hold several common characters, such as PC5 RRC connection between UE-A and UE-B, valid for all the target issues, one or more resources may be reported, etc. 
[bookmark: _Toc68679706][bookmark: _Toc24482][bookmark: _Toc1884][bookmark: _Toc4019][bookmark: _Toc9399]Both Type A and Type B schemes can provide sufficient assistant information for UE-B’s resource selection
[bookmark: _Toc32225][bookmark: _Toc27168][bookmark: _Toc18410][bookmark: _Toc4062][bookmark: _Toc68679707]PC5 RRC connection between UE-A and UE-B benefits the information exchange used for inter-UE coordination, as well as carrying the resource set report with more information for both Type A and Type B schemes.
As discussed above, Type A and Type B schemes can share a unified procedure. With the preferred or not preferred resource set report from UE-A, UE-B can obtain sensing result from UE-A’s perspective and other additional information. By taking the information into account, UE-B is enabled to select more appropriate resources. 
[bookmark: _Toc66436739][bookmark: _Toc66440836][bookmark: _Toc66460384][bookmark: _Toc24327]A unified procedure for inter-UE coordination should be shared by Type A and B schemes.
Among the above steps, the main difference between Type A and Type B schemes is about step 2, i.e., how to determine the set of resources, further details are discussed below. 
Details on Type A scheme
When Type A scheme is used, UE-A should determine preferred resources for UE-B’s transmission according to UE-B’s indication. 
In fact, to select resources in Type A scheme, it requires two conditions: the resources which are preferred for UE-B’s transmission and UE-A’s receiving. There are some subtle differences during the resource selection for these two purposes. 
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 be preferred 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. 
Obviously, in order to determine resources for UE-B’s transmission, more information 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. Based on that, preferred resources set SA, UE-B  should be determined. 
[bookmark: _Toc68679708]UE-A can determine the preferred resources for its receiving without additional indication, which may be not preferred for UE-B’s transmission.  
[bookmark: _Toc68679709]The set of resources preferred for UE-B’s transmission can be accurately matched to the requirements of UE-B when it is selected by UE-A according to the indication of UE-B. 
[image: two sets for Type A]
[bookmark: _Ref4453]Figure 2 An example of resources set for Type A scheme 
In details, in order to get more suitable preferred resources for UE-B, it is proposed to establish the PC5 RRC connection between UE-A and UE-B to exchange the necessary information and report the determined resources set for the coordination. Therefore, Type A scheme is more applicable for sidelink unicast and groupcast.
[bookmark: _Toc68679710]Type A scheme may be more suitable for sidelink unicast and groupcast.
[bookmark: _Toc23153]In order to obtain more accurate preferred resources set for UE-B’s transmission in Type A scheme, the requirement of UE-B’s transmission should be informed to UE-A.
Details on Type B scheme
For Type B scheme, 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 condition in Type A scheme, 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 negligible additional latency or complexity. Different as Type A scheme, to report the resources not preferred for UE-B, it may be not necessary to make UE-A know the requirement of UE-B. Accordingly, since less information needs to be exchanged between UE-A and UE-B, Type B scheme is more suitable for sidelink groupcast or broadcast. 
[bookmark: _Toc68679711]UE-A can determine the not preferred resources for UE-B’s transmission by reusing its sensing and receiving process.  
[bookmark: _Toc68679712]Type B scheme may be more suitable for sidelink groupcast and broadcast. 
Type C scheme
Different from Type A and Type B schemes, in which the identification on resources is determined by several factors, the resources reported in Type C scheme are up to the collision detected. In short, it focuses on the resources of the following two cases:
· Case 1 collision: Resource collisions which have occurred and are detected according to SCI decoding or RSRP measurement
· Case 2 collision: 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
Firstly, Type C scheme does not consider the slots impacted by half-duplex on which UE-A performs transmitting itself and cannot detect potential collision. However, the resource collision and relevant performance loss caused by half-duplex are a major objective in inter-UE coordination. 
[bookmark: _Toc3875][bookmark: _Toc6327][bookmark: _Toc28023][bookmark: _Toc4622][bookmark: _Toc68679713]Due to half-duplex, the resource collision on a slot which is used for UE-A’s transmission cannot be detected, and UE-A cannot indicate the resources to UE-B by using Type C scheme.
Secondly, the inter-UE coordination aims to improve UE-B’s resource selection instead of additional HARQ ACK-NACK feedback. For 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. In this case, if the intention is to improve the sidelink HARQ feedback mechanism in broadcast and groupcast, more discussion is needed in RAN level to define a new objective. 
[bookmark: _Toc68679714]By indicating the resources with the collision already happened, the effect of Type C scheme is very similar to HARQ mechanism which is out of this WID scope.
Considering the case 2 collision for future transmission, it can also be indicated by using Type B scheme. In some analyses, a mentioned difference between Type B and Type C schemes is that Type C scheme may need less latency than using Type B scheme as it can send the resource set through physical signaling. In fact, different signaling and process of Type C scheme may be designed while the actual effect is uncertain. Specifically, for the case 2 collision caused by periodical resource occupation of SPS services, the signaling latency is not a key issue. For the resources reserved for retransmission in a short window, existing re-evaluation and pre-emption mechanisms can be used to avoid possible collision. In other words, Type C scheme is not necessary to report case 2 collision related to resources reserved for retransmission. 
As discussed above, for the resources reserved for both SPS services and retransmission, there is no clear benefits to introduce Type C scheme in addition to Type B scheme. 
[bookmark: _Toc61552891][bookmark: _Toc15530][bookmark: _Toc20525][bookmark: _Toc4162][bookmark: _Toc28139][bookmark: _Toc68679715]Comparing with Type B scheme, Type C scheme presents no additional benefits by indicating the resources with collision in the future.
[bookmark: _Toc66436741][bookmark: _GoBack]In addition, to perform Type C scheme, it may need to design a dedicated signaling process which is different from the process of Type A and Type B schemes. Therefore, additional specification efforts will be required. Considering the timeline to complete its specification in 2022 Q2 for ASN.1 freeze as part of Rel-17, in order to avoid the risk of further delaying on the progress, it is proposed to prioritize the discussion on Type A and Type B schemes in normative work, and if time is available, Type C can be considered later. 
[bookmark: _Toc17222][bookmark: _Toc66440839]Prioritizing Type A and Type B schemes for inter-UE coordination in Mode 2 is preferred.
[bookmark: _Toc19611][bookmark: _Toc18667][bookmark: _Toc27407][bookmark: _Toc21424][bookmark: _Toc20096]Conclusion
According to the discussion above, the following observations and proposals are presented:
Observation 1:	For both Type A and Type B schemes, the resource set should be determined according to the measurement result of UE-A’s sensing with negligible latency and complexity.
Observation 2:	Specifying the UE-B’s behaviors on how to use the set of resources reported may weaken the benefits of inter-UE coordination.
Observation 3:	Both Type A and Type B schemes can provide sufficient assistant information for UE-B’s resource selection
Observation 4:	PC5 RRC connection between UE-A and UE-B benefits the information exchange used for inter-UE coordination, as well as carrying the resource set report with more information for both Type A and Type B schemes.
Observation 5:	UE-A can determine the preferred resources for its receiving without additional indication, which may be not preferred for UE-B’s transmission.
Observation 6:	The set of resources preferred for UE-B’s transmission can be accurately matched to the requirements of UE-B when it is selected by UE-A according to the indication of UE-B.
Observation 7:	Type A scheme may be more suitable for sidelink unicast and groupcast.
Observation 8:	UE-A can determine the not preferred resources for UE-B’s transmission by reusing its sensing and receiving process.
Observation 9:	Type B scheme may be more suitable for sidelink groupcast and broadcast.
Observation 10:	Due to half-duplex, the resource collision on a slot which is used for UE-A’s transmission cannot be detected, and UE-A cannot indicate the resources to UE-B by using Type C scheme.
Observation 11:	By indicating the resources with the collision already happened, the effect of Type C scheme is very similar to HARQ mechanism which is out of this WID scope.
Observation 12:	Comparing with Type B scheme, Type C scheme presents no additional benefits by indicating the resources with collision in the future.
Proposal 1: Inter-UE coordination procedure should be triggered by UE-B according to its requirement.
Proposal 2: UE-A should determine the set of resources based on its sensing result which is obtained by reusing legacy mode 2 process.
Proposal 3: An identical signaling to report the set of resources to UE-B should be used for both Type A and Type B schemes.
Proposal 4: PSSCH can be used for carrying the resources set report.
Proposal 5: How to use the assistant information from UE-A should be an implement issue of UE-B.
Proposal 6: A unified procedure for inter-UE coordination should be shared by Type A and Type B schemes.
Proposal 7: In order to obtain more accurate preferred resources set for UE-B’s transmission in Type A scheme, the requirement of UE-B’s transmission should be informed to UE-A.
Proposal 8: Prioritizing Type A and Type B schemes for inter-UE coordination in Mode 2 is preferred.
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