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[bookmark: _Toc12641]Introduction
During RAN1#103-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 1:
· The schemes of inter-UE coordination in Mode 2 are categorized as being based on the following types of “A set of resources” sent by UE-A to UE-B:
· UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· 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
· UE-A sends to UE-B the set of resource where the resource conflict is detected
· FFS: details of resource conflict, e.g., including type of resource conflict
· FFS: details of sensing operation at UE-A side
· FFS: which type(s) of resource set information is(are) beneficial/feasible to which cast type(s)
· Note: these different types may be used in combination with each other
· From RAN1 perspective, further study on the feasibility/benefit of inter-UE coordination is required
· Send an LS to RAN plenary
Conclusion 2:
· For the schemes of inter-UE coordination identified as feasible/beneficial, at least the following aspects are further discussed.
· How/when UE-A determines the contents of ”A set of resources”, including consideration of UL scheduling
· When UE-A sends ”A set of resources” to UE-B, including which UE(s) sends it
· How UE-A and UE-B are determined
· How UE-A sends ”A set of resources” to UE-B, including container used for carrying it, implicitly or explicitly or both
· How/when/whether UE-B receives “A set of resources” and takes it into account in the resource selection for its own transmission
· How/whether to define the relationship between support/signaling of inter-UE coordination and cast type


Discussion on the inter-UE coordination  
Reporting “a set of resources” from UE-A to UE-B
As the description in WI [2], UE-A should send a set of resources to UE-B as assistant information for UE-B’s sidelink resource selection. 
For the Type-1, i.e. preferred resources for UE-B’s transmission, as the analysis presented in [3], UE-B can indicate some essential requirements of its transmission to UE-A, such as period, size of candidate resource, priority, etc. These parameters of requirements can help UE-A to determine more suitable resources for UE-B’s transmission.
In order to enable the inter-UE coordination based the Type-1 set of resources, PC5 RRC connection between UE-A and UE-B should be established. In this way, except for the indication of UE-B’s requirement to UE-A, the report of resources set from UE-A to UE-B with more bits to describe more than one resources can be supported. 
W.r.t the Type-2 to report the resources not preferred for UE-B’s transmission, including the resource used for UE-A’s transmission (when it is Rx UE), the resource with high interference or collision, or the resource reserved by other UEs, etc, it’s obvious that more than one resources may need to be informed to UE-B as not preferred resources. Then, considering the size of resources set report, similar to the Type-1, it’s preferred to enable the PC5 RRC connection between UE-A and UE-B.
Even for the Type-3 of “a set of resource”, more sufficient and precise information about resource collision can be provided through RRC signaling than the case that only few bits are indicated without PC5 RRC connection between UE-A and UE-B. For example, with PC5 RRC connection between the two UEs, UE-A can indicate resource collision along with the further details, including it has conflicted with other UE transmission or it may conflict in following slots with reserved resource of other UE, or even the period of the reserved resource, etc. By taking the relevant information into account, UE-B may avoid resource collision more effectively. On the other hand, without PC5 RRC connection,  the following issues are not clear till now, including which UE(s) should send the resource set report, whether the collision detected by the UE is meaningful for UE-B and its Rx UE(s), how to manage the resources used for sending the report when there are multiple UE-As, etc. All the issues need extra standard discussion and determination. 
As a whole, based on PC5 RRC connection between UE-A and UE-B, it can provide more suitable and precise assistant information and benefit UE-B’s resource selection and transmission.
[bookmark: _Toc18410][bookmark: _Toc32225][bookmark: _Toc27168][bookmark: _Toc4062]For all the three types of “a set of resources”, 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.
Besides, with PC5 RRC connection, it also provides some additional benefits for the further aspects discussion, which are listed in above conclusion 2. Some further analysis and schemes for the issues are discussed below. 
With PC5 RRC connection between UE-A and UE-B, an example procedure of inter-UE coordination is described in Figure 1. 
[image: coordination for unicast]
[bookmark: _Ref19923]Figure 1  Flowchart of inter-UE coordination based on PC5 RRC connection
· Step 1: How/when to trigger the coordination process
Based on PC5 RRC connection between UE-A and UE-B, UE-B can determine to trigger the inter-UE coordination process when it needs assistant information for its own resource selection. Then, UE-B indicates UE-A to send the resource set report. If necessary, further information or requirement of UE-B can be informed to UE-A, such as the type of resource set needed by UE-B.
· Step 2: How UE-A determine “ a set of resource”
UE-A should form the resource set according to the indication of UE-B. 
To obtain the preferred resource set, UE-B should inform UE-A some essential requirements of its transmission to help UE-A’s sensing and resource selection, such as period, size of candidate resource, priority, etc. Based on the requirement of UE-B, UE-A could use the parameters in legacy mode 2 sensing and selection procedure instead of the requirements of its own, and then select candidate resource set SA which aims to UE-B’s transmission. 
[bookmark: _Toc20749][bookmark: _Toc20508][bookmark: _Toc9777][bookmark: _Toc21987]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.
When the not preferred resource set is required, UE-A can form the report by including the resources: reserved by other UEs or with high level interference depending on its sensing result, the resources on the slot that UE-A performing SL transmission itself, etc.
According to 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 liable to select appropriate resources to avoid collision which may be caused by half-duplex or hidden node issues, etc.
· Step 3: When/how UE-A sends “a set of resource”
Similar to step 1, as PC5 RRC connection is held between UE-A and UE-B, it is open to design how and when to send the resource set report. Both trigger based and pre-configured reporting schemes could be considered. Due to the requirement of UE-B, UE-A may send the resource set report one-shot or periodically. 
As discussed above, to provide effective assistant information for UE-B, the resource set may contain a number of bits. Considering the size of report, especially it may include more than one preferred or not preferred resources, UE-A should carry it on PSSCH.  
[bookmark: _Toc15888][bookmark: _Toc25213][bookmark: _Toc11309][bookmark: _Toc6921]PSSCH can be used for carrying the resources set report. 
· Step 4: How UE-B use “the set of resource”
After receiving the reported resource set, UE-B should send it to higher layer to assist mode 2 resource selection. From the perspective of UE-B, the preferred or not preferred resources indicated by UE-A should be treated as assistant information but not decisive information. Some other factors should also be considered in UE-B’s resource selection. It means that UE-B is not mandated to select transmission resource by exactly following the reported resource sets.
As discussed above, it is observed that PC5 RRC connection between UE-A and UE-B benefits the information exchange as well as following steps need to be determined for inter-UE coordination, and we propose to set the PC5 RRC connection between UE-A and UE-B as essential requirement for further scheme design.
[bookmark: _Toc18378][bookmark: _Toc24654][bookmark: _Toc13205][bookmark: _Toc10711]PC5 RRC connection should be held between UE-B and UE-A to send information relevant to inter-UE coordination. 
Feasibility of “a resource set” for cast types
From the perspective of UE-B, requirements and targets of using inter-UE coordination may vary for different cast types. In unicast scenario, it is easy to obtain precise and accurate assistant information from Rx UE, while it is unavailable for groupcast and broadcast since there is no clear identification of Rx UEs. 
Considering from the simplest unicast scenario, Tx UE (UE-B) communicates with Rx UE directly and PC5 RRC connection should be built. It is a natural choice to use Rx UE as UE-A. Based on the RRC connection of UEs, all the information (e.g., the requirement of UE-B, sensing result of UE-A) and signaling needed for coordination can be exchanged. Under this framework via PC5 RRC, detailed coordination schemes, e.g., preferred or not-preferred resource set report, trigger based or pre-configured reporting, can be considered for unicast scenario. 
[bookmark: _Toc30013][bookmark: _Toc19171][bookmark: _Toc19274][bookmark: _Toc6235]For unicast, Rx UE should be taken as UE-A to send resource set report to UE-B. 
For sidelink groupcast, according to the agreement of RAN 2 as following, it is not required to establish PC5 RRC connection for groupcast and no header UE in a group is determined, as well as identification between group member UEs.  
	Agreements on groupcast in RAN2 #105 meeting :
1: No need of 1:M PC5 RRC connection establishment and RLM/RLF declaration among group members for groupcast. Need of RRC signaling in groupcast manner is to be discussed in WI phase.
2: No any groupcast-specific RLM design which is different from the unicast-specific RLM procedures to be considered, from RAN2 point of view.
3: Any UEs configured to receive a group destination Layer 2 ID shall be allowed to receive the groupcast transmission, in regardless of whether it is within or out of the “minimum communication range”.
4: Handling of “minimum communication range” in AS layer control of QoS for unicast/groupcast (if needed) is to be discussed in WI phase.
5: RLC UM mode is used for groupcast. RLC AM mode for groupcast is not supported.


In other words, there is no obvious differences between sidelink groupcast and broadcast from the perspective of physical layer. Therefore, the inter-UE coordination for groupcast and broadcast could be considered together.
[bookmark: _Toc3714][bookmark: _Toc19577][bookmark: _Toc5233][bookmark: _Toc24790]From the perspective of physical layer, the inter-UE coordination scheme for sidelink groupcast and broadcast could be studied together. 
When UE-B has groupcast or broadcast data to be transmitted on sidelink, to obtain assistant information from all the potential Rx UEs is unrealistic as the number of Rx UEs is unknown and may be large. Then, taking assistant information from a few UEs which are more achievable should be a reasonable compromise way.
Since it is hard and complex to choose a potential Rx UE in groupcast or broadcast to work as UE-A, even finding a practical Rx UE cannot represent all the other Rx UEs as different location and channel status, it is more achievable to make a UE which has PC5 RRC connection with UE-B to send a resource set as UE-A. 
[bookmark: _GoBack]Considering broadcast/groupcast scenario, if some UEs have PC5 RRC connections with UE-B, UE-B may select one or more of them according to some criteria, including an expected location (e.g. zone location) or in a proper channel condition as UE-A, to provide a resource set to UE-B to assist its resource selection. In order to evaluate the performance of proposed solution, following options are evaluated in addition to the legacy mode 2 with detailed assumption listed in Table 1:
· Option 1: Inter-UE coordination with selected UE-A. In this case, assuming UE-A has PC5 RRC connection with UE-B, so UE-B can select one or two UEs as UE-A(s). 
· Option 2: Inter-UE coordination with random UE-A. In this case, assuming UE-A doesn’t have PC5 RRC connection with UE-B, thus UE-A is randomly selected within a distance range. 
[image: Freeway_Broadcast_last]
[bookmark: _Ref21862]Figure 2  Illustration of results for broadcast in highway scenario
[image: Urban_Broad_last]
[bookmark: _Ref61855323]Figure 3  Illustration of results for broadcast in urban scenario
It can be found that as shown in Figure 2 and Figure 3, by taking the assistant information from UE-A(s) into account in UE-B's resource selection, some performance improvement can be achieved comparing to Rel-16 mode 2 process with introduction of UE coordination with preferred resource feedback. Moreover, with PC-5 RRC connection, benefits based on the “selected” UE-A comparing to random way can be achieved since with same level of cost, the reported information from selected UE will be more effective.
[bookmark: _Toc6349]Inter-UE coordination with assumed PC5 RRC connection between UE-A and UE-B outperforms for broadcast in highway and urban scenarios.
For groupcast scenario, when a UE is a group member UE and act as UE-A, the set of resources sent by the UE may be more representative. For the case that the UE is not an Rx UE for UE-B’s groupcast, the information provided by the UE may also be used for reference by UE-B. An example is shown in Figure 4.  
[image: fig 2]
[bookmark: _Ref7371]Figure 4 Example for groupcast
As discussed above, no matter which cast type of UE-B is performed, the resource set provided by a UE-A which has PC5 RRC connection with UE-B could be considered to improve UE-B’s transmission resource selection. 
[bookmark: _Toc1258][bookmark: _Toc11619][bookmark: _Toc22217][bookmark: _Toc3560]The resource set reported from UE-A which has PC5 RRC connection with UE-B can be used for all the cast types of UE-B.
Analysis on the types of “a set of resources”
According to the different types of “a set of resource” agreed in last meeting (as listed below), further aspects about inter-UE coordination should be discussed w.r.t inter-UE coordination.
· Type-1: the set of resources preferred for UE-B’s transmission
· Type-2: the set of resources not preferred for UE-B’s transmission
· Type-3: the set of resource where the resource conflict is detected
According to the definition including examples for each of “a set of resources”, UE-B is expected to get different assistant information, which will lead to variant impacts. 
When a preferred resources set is reported by UE-A, as the resources is selected by UE-A according to its sensing result, the resources may have collision or with high interference caused by hidden node, the resource used by itself due to half-duplex, and the resources may suffer persistent collision would not be indicated in the preferred resources for UE-B’s transmission. In contrast, the resources listed above can be included and sent to UE-B as a set of resources which are not preferred for UE-B’s transmission. In words, both the Type-1 and Type-2 of “a set of resources” which are sent by UE-A can offer necessary information to resolve several target issues for inter-UE coordination.
[bookmark: _Toc1884][bookmark: _Toc4019][bookmark: _Toc9399][bookmark: _Toc24482]Both the set of resources preferred and not preferred for UE-B’s transmission can provide sufficient assistant information.
However, the Type-3 of “a set of resource”, i.e., the set of resource where the resource conflict is detected, may be not effective in some cases. For example, the resource conflict on the slots which UE-A perform transmitting itself cannot be detected by UE-A due to half-duplex. However, the resource collision and relevant performance loss caused by half-duplex are a major objective in inter-UE coordination. 
Secondly, according to the original objective of sending “a set of resources” to UE-B, it aims to improve UE-B’s resource selection instead of additional HARQ ACK-NACK feedback. For groupcast and broadcast, an indicator of 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. 
Except for pre-collision, w.r.t another information, i.e., post-collision for future, information by decoding the SCI, can be also be indicated by using the Type-2, i.e. not preferred resource for UE-B’s transmission. From this perspective, not clear benefits to introduce the Type-3 in addition to the Type-2. 
[bookmark: _Toc4622][bookmark: _Toc6327][bookmark: _Toc28023][bookmark: _Toc3875]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 the Type-3, i.e. the set of resource where the resource conflict is detected.
[bookmark: _Toc61552891][bookmark: _Toc28139][bookmark: _Toc15530][bookmark: _Toc4162][bookmark: _Toc20525]The resources with post-conflict indicated by using the Type-3 is partially overlapped with the Type-2, i.e., not preferred resources set. 
According to the discussion above, both the Type-1 and Type-2 of “a set of resources” can provide assistant information for all the target issues, while the assistant information given in the Type-3 is partially overlapped with the Type-2. Therefore, we propose to study inter-UE coordination scheme based on the resource set preferred and not preferred for UE-B’s transmission.
[bookmark: _Toc20677][bookmark: _Toc28499][bookmark: _Toc27624][bookmark: _Toc24535]For the three types of “a set of resources”, the former two types should be discussed with higher priority, i.e., the resource set of preferred and not preferred for UE B’s transmission. 
[bookmark: _Toc18667][bookmark: _Toc27407][bookmark: _Toc19611][bookmark: _Toc21424][bookmark: _Toc20096]Conclusion
According to the discussion above, the following observations and proposals are presented:
Observation 1: For all the three types of “a set of resources”, 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.
Observation 2: 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 3: PSSCH can be used for carrying the resources set report.
Observation 4: For unicast, Rx UE should be taken as UE-A to send resource set report to UE-B.
Observation 5: From the perspective of physical layer, the inter-UE coordination scheme for sidelink groupcast and broadcast could be studied together.
Observation 6: Inter-UE coordination with assumed PC5 RRC connection between UE-A and UE-B outperforms for broadcast in highway and urban scenarios.
Observation 7: Both the set of resources preferred and not preferred for UE-B’s transmission can provide sufficient assistant information.
Observation 8: 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 the Type-3, i.e. the set of resource where the resource conflict is detected.
Observation 9: The resources with post-conflict indicated by using the Type-3 is partially overlapped with the Type-2, i.e., not preferred resources set.

Proposal 1: PC5 RRC connection should be held between UE-B and UE-A to send information relevant to inter-UE coordination.
Proposal 2: The resource set reported from UE-A which has PC5 RRC connection with UE-B can be used for all the cast types of UE-B.
Proposal 3: For the three types of “a set of resources”, the former two types should be discussed with higher priority, i.e., the resource set of preferred and not preferred for UE B’s transmission.
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Appendix
[bookmark: _Ref61855886]Table 1  Assumption for evaluation
	Parameter
	value

	Deployment
	Freeway/Urban

	UE drop
	Option A
-	Vehicle type distribution: 100% vehicle type 2.
-	Clustered dropping is not used.
-	Vehicle speed is 70 km/h in all the lanes for the freeway scenario.
-	Vehicle speed is 60 km/h in all the lanes for the urban scenario.

	Carrier frequency
	6GHz

	Bandwidth 
	20MHz

	Subcarrier spacing
	15KHz

	Periodic Traffic model
	-	Model 2 (medium traffic intensity)
-	Inter-packet arrival time: 50 ms
-	Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
-	Latency requirement: 50 ms
-	[50]% vehicles generate packets

	Max Transmission number
	2

	Cast Type
	Broadcast

	Resource set report overhead
	Information bits: 300 bits
Resource overhead: 10 RB

	Channel model
	As defined in 37.885

	Receiver algorithm
	MMSE-IRC

	Number of Tx/Rx antenna elements for vehicle UE
	2Tx/4Rx for 6 GHz

	Antenna model for vehicle UE
	Option 1
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