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[bookmark: _Toc12641]Introduction
During RAN1#102-e meeting, several topics related inter-UE coordination are discussed via email as summarized in [1]. Duo to the different views per company, consensus on the key topics, e.g., definition of “a set of resources”, mechanism to indicate the coordination information, the target issues and potential benefit of using inter-UE coordination, are not achieved. 
In order to progress the discussion, detailed views (including clarification) and analysis about inter-UE coordination are elaborated in this contribution. 
[bookmark: _Toc25825]Discussions on the key aspects for inter-UE coordination
Available cast type
In Rel-17 sidelink enhancement WI [2], introduction on the inter-UE coordination scheme is to improve the reliability and latency for transmission/reception in case of in-coverage, partial coverage and out-of-coverage. However, no clear description on the applicable cast types is defined, which leads to different understandings in previous discussion. The detailed analysis are provided in this section for each types as below:
[bookmark: _Ref54163917]Unicast 
For unicast, PC5 RRC connection between Tx UE and Rx UE will be established according to existing specification in section 5.8.1 [3], which can be easily applied to enable the inter-UE coordination scheme. Based on the RRC connection of UEs, all the information (e.g., the requirement of Tx UE, sensing result of Rx UE) 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. Then, corresponding solution for unicast may be used as baseline for other scenarios. 
[bookmark: _Toc12069][bookmark: _Toc54188327]Inter-UE coordination, e.g., via PC5 RRC, should be supported for unicast with higher priority.
Broadcast  
In contrast to unicast scenario, the situation of broadcast scenario seems to be more complicated. More specifically, due to indeterminate number and location of Rx UEs in broadcast, the Tx UE is unable to get/use valid information from potential Rx UEs to optimize the resource selection. Even with assumption that Tx UE can obtain the assistant information from partial Rx UEs, it is also hard to select appropriate resource due to difference among the reported resource set from each UE. The reason is that even within the certain region (defined for broadcasting), the surrounding environment and UE distribution may be different, which will lead to the various condition on the resource occupation.  
In general, inter-UE coordination is unavailable for broadcast, and such type should be ignored in relevant discussion.
[bookmark: _Toc54188328]Inter-UE coordination is not supported for broadcast.
[bookmark: _Ref25344]Groupcast 
In the previous discussion, different views on the availability and potential effect of using inter-UE coordination are shared mainly due to various assumption on the groupcast cases. For example, following two typical cases are discussed as illustrated in Figure 1:
· Case (a):  with a header UE in a group, the header UE can act as a coordination UE;
· Case (b):  without header UE, all member UEs are non-hierarchical;
[image: groupcast cases cases]
[bookmark: _Ref4724]Figure 1 Cases for groupcast
For both case (a) and (b), if there is PC5 RRC connection between two UEs in a group, including the connection between the header UE and a member UE or between member UEs, the situation is the same as unicast then the coordination scheme design for sidelink unicast can be reused. 
[bookmark: _Toc54188342]Between two UEs with PC5 RRC connection in a group, the inter-UE coordination scheme for unicast can be reused. 
Otherwise, for the groupcast transmission in a group, different inter-UE coordination schemes may be needed in case (a) and (b) for the acquisition of assistant information. 
More specifically, 
· Case (a): In this case, while the header UE acts as an independent assistant node to provide assistant information, similar to unicast, the requirement of Tx UE should be informed to header UE in order to form proper resource set report for Tx UE (in case that the header UE is not Tx UE). In other words, PC5 RRC connection should be built between header UE and member UEs to implement necessary coordination information exchange.
· Case (b): In this case, without header node, loose organization and management of a group is expected. For example, there may be no clear member UEs list and no PC5 RRC connection between member UEs. Then, member UEs may groupcast the assistant information related to inter-UE coordination in the group, and it may cause a mass of resource consumption while the performance benefit are uncertain.
[bookmark: _Toc54188343]For groupcast with header UE, PC5 RRC connection should be supported between header UE and member UEs to exchange information for inter-UE coordination.
[bookmark: _Toc54188344]For groupcast without header UE, the benefit of using inter-UE coordination is unclear.
According to the comparison between these two cases, header UE may provide more effective assistant information based on PC5 RRC connection with member UEs. However, since whether PC5 RRC connection will be introduced for sidelink groupcast is still under discussion in RAN 2 [5], we propose to discuss inter-UE coordination scheme of groupcast scenario with the assumption as:
[bookmark: _Toc23891][bookmark: _Toc54188329]The inter-UE coordination for sidelink groupcast without header UE should be deprioritized.
[bookmark: _Toc54188330]The inter-UE coordination for sidelink groupcast with header UE should depend on the conclusion of high layer, i.e. if PC5 RRC connection between header UE and member UEs is supported.
[bookmark: _Ref29160]Target issues
During the discussion for Rel-17, the legacy solution (i.e., Rel-16 sidelink mode 2 resource selection) is considered as insufficient for some cases, e.g., with hidden node. And the inter-UE coordination scheme is proposed as a promising way to enable the Tx UE for more suitable resource selection with assistance information in the report. 
W.r.t the each case with corresponding issue, different types of assistant information may be needed for the resource set report: 
[bookmark: _Ref17277]Hidden node
The hidden node issue refers to the case that the signal of Tx UE B can be received by Rx UE, and not be detectable by Tx UE A. Then, as shown in Figure 2, if both Tx UE A and Tx UE B will transmit signal to Rx UE, from the perspective of Tx UE A, Tx UE B is a hidden node as its signaling may cause interference to the transmission from Tx UE A to Rx UE. 
In this case, the assistant information reported from Rx UE to Tx UE A, e.g., including the resources used by hidden node (Tx UE B) is useful to enable the proper resource selection for Tx UE A by avoiding the collision with the hidden node. It means that once the hidden node and the relationship among UEs are clear, hidden node issue can be addressed by enabling the Rx UE to send assistant information to Tx UE, directly. 
[image: hidden node]
[bookmark: _Ref6799][bookmark: _Ref3380]Figure 2 Hidden node issue
However, if an independent coordination UE is assumed to provide the assistant information, the situation may be different. As the example shown in Figure 2, coordination UE B can also detect both Tx UE A and Tx UE B, similar as Rx UE, it can provide valid information to Tx UE A. But situation will be different for coordination UE A , i.e., Tx UE B (the hidden node) is not detectable, due to the location of coordination UE A. It means that performance of coordination UE based solution highly depends on the selection of coordination UE, which is not suitable for the case with dynamic topology. 
[bookmark: _Toc16632][bookmark: _Toc54188331]To address the hidden node issue, directly report from the Rx UE of resource set derived from sensing result should be reported.
Exposed node
In contrast to hidden node issue, the exposed node issue refers to the case that Tx UE B can be detected by Tx UE A but not received by Rx UE. Then, the Tx UE B is an exposed node for Tx UE A, and Tx UE A can reuse the resource which is used by Tx UE B to send signal to Rx UE with no interference, as shown in Figure 3.
[image: exposed node]
[bookmark: _Ref7596]Figure 3 Exposed node issue
Different from the hidden node issue, the exposed node is a node detected by Tx UE, and the potential resource reusing can only be implemented for the transmission to an Rx UE which is out of the coverage of the exposed node. It may require sensing result of Rx UE to be reported to Tx UE to find out whether the resources used by exposed node can be reused by Tx UE. 
Additionally, similar problem as mentioned in hidden node discussion, using independent coordination node to report the information about exposed node may be inaccurate.
[bookmark: _Toc54188345][bookmark: _Toc19785]Exposed node issue may be addressed by reporting sensing result of Rx UE to Tx UE, further details need to be studied. 
Half-duplex
In case of the half-duplex, simultaneously transmission and reception cannot be supported for UE in the sidelink. In the legacy procedure, Tx UE choose its own transmission resources without the status information of target Rx UE, and it may lead to a resource which will also be used for transmission by Rx UE. Especially for SPS services, the half-duplex issue may lead to consecutive resource collision.
To address this issue, one way is to avoid the usage of resource at Tx UE side, which is not available for reception from Rx UE perspective according to the report from Rx UE. But the corresponding performance gain may not be the clear. Then reason is that in existing specification, sidelink HARQ feedback is supported for both unicast and groupcast, data transmission failure caused by resource collision can be detected. Moreover, TB retransmission is a common scheme for sidelink data transmission, which can resolve the half-duplex issue by using different slots. Based on these solution, the half-duplex issue can be addressed to a great extent by using current sidelink data transmission schemes. Then, while Rx UE sending assistant information to Tx UE can provide potential benefit with the extra overhead and latency, further detailed study on the performance should be conducted.
[bookmark: _Toc1965][bookmark: _Toc54188346]Assistant information can be provided from Rx UE to Tx UE to avoid resource collision due to half-duplex, but the actual performance effect needs to be studied further.
Definition of UE A
In WID [2], the inter-UE coordination is described as:
· 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.
Based on that, UE B should be a Tx UE, which will take the resource set information into account during its own resource selection. But it is not clear about the definition of UE A in sidelink communication.
In general, following two options can be considered as potential interpretation of UE A:
· Option 1: Rx UE act as UE A
· Option 2: Besides Tx UE and Rx UE, an independent coordination UE act as UE A 
Rx UE act as UE A
For unicast, it is natural to let Rx UE send resource set report to Tx UE as highlighted in section 2.2.1. All the target issues of introducing inter-UE coordination can be addressed by the assistant information sent by Rx UE. Based on PC5 RRC connection between Tx UE and Rx UE, types of resource set definition and signaling can be supported based on the further study on details.
[bookmark: _Toc54188332][bookmark: _Toc11501]For unicast, Rx UE should be taken as UE A to send resource set report to Tx UE.
Independent coordination UE act as UE A
An independent coordination UE refers to a node which is neither Tx UE nor Rx UE and can gather relevant information to assist the transmission between Tx UE and Rx UE. Based on the discussion above in section 2.2, different coordination UEs may lead to different assistant information provided to Tx UE. In this case, before the discussion on the specific scheme of independent coordination UE as UE A, the following issues should be addressed firstly:
· Which scenarios may be available to use coordination UE?
· What’s the criteria to choose a UE as coordination UE?
· What’s the mechanism to enable the change of coordination UE due to the movement of UE? For example, the original coordination UE may move out of the coverage of Tx UE or Rx UE.
[bookmark: _Toc27828]Inter-UE coordination scheme for unicast
Types of resources set
During the #102-e meeting, the following options of the types of resource set report are presented and discussed [1]:
	· for the definition of “a set of resources”, at least followings can be considered:
· Resource set which is preferred for UE-B’s transmission
· e.g.,
· Resource set which is preferred for UE-A’s reception
· Resource set which is preferred for intended receiver(s) of UE-B’s transmission 
· Resource set which is preferred not to be used by UE-B’s transmission
· e.g.,
· Resource set which is not preferred for UE-A’s reception
· Resource set with a problem for intended receiver(s) of UE-B’s transmission


W.r.t the listed examples of “a set of resources”, each option may be appropriate to different scenarios. 
For example, as PC5 RRC connection is built in unicast, Tx UE can inform its requirements to Rx UE before the reporting, then, the Rx UE can select suitable resources which are preferred for Tx UE’s transmission. In this way, the transmission quality can be well ensured as the results shown in Figure 4. Detailed assumption can be found in Table 1.
[image: ]
[bookmark: _Ref2436]Figure 4 Performance comparing with legacy mode 2 and inter-UE coordination scheme
Besides, the reporting of non-preferred resource set is also available for unicast. Without any prior information from Tx UE, Rx UE can simply indicate the resources set which is not preferred for reception, e.g., the transmitting slots of Rx UE or resources with higher interference by Rx UE side. 
Comparing to preferred resources set scheme, reporting non-preferred resources set may need less signaling exchange but cannot provide more accurate assistant information for Tx UE. For unicast, we prefer to discuss the non-preferred resource set scheme with lower priority.
[bookmark: _Toc54188333]For unicast, reported resources set from UE A according to the UE B’s preference on transmission should be supported with higher priority.
Scheme and signaling for reporting preferred resources set
The detailed procedure of inter-UE resource coordination using preferred resources set for UE B’s transmission is described in Figure 5. 
[image: coordination procedure - connection based - 简化版]
[bookmark: _Ref7774]Figure 5  Flowchart of Inter-UE coordination for unicast
It can be found that, with PC5 RRC connection, Tx UE should indicate necessary configuration to Rx UE, then, Rx UE can perform sensing within available resource pool, select candidate resource set and report the selected resource set to Tx UE with following steps:
· Step 1
In order to obtain suitable candidate resource set report from Rx UE, Tx UE should inform Rx UE some essential requirements of its transmission to help Rx UE’s sensing and resource selection, such as period, size of candidate resource, priority, etc. Without these requirements/configurations from Tx UE, Rx UE may not be able to perform sensing and to provide suitable candidate resources for Tx UE. 
Along with the configuration relevant to coordination, such information should be indicated to Rx UE to begin the inter-UE coordination procedure. For example, in case of SPS services, as the data packet size and period are generally stable, Tx UE can trigger the preferred resources set report before the first transmission of the SPS data. According to the trigger indication, Rx UE should begin to perform sensing according to the configuration from Tx UE.
· Step 2
Rx UE should perform sensing by reusing the Rel-16 sensing procedure as the baseline. As it aims to select candidate resources for Tx UE, the sensing should be carried out in the transmission resource pool of Tx UE.
Meanwhile, Rx UE should also conduct the selection of candidate resources to form the resource set report, by reusing Rel-16 mode 2 resource selection procedure. It should be notice that such operation should be done according to the SL transmission requirements of Tx UE instead of the requirements of its own.   
· Step 3
When the preferred resource set is determined, Rx UE should report it to Tx UE. Because the report size may be large, especially when the report may include more than one candidate resources, it should be delivered as a data packet using PSSCH resource.  
· Step 4
After receiving the reported resource set, Tx UE should send it to higher layer to assist mode 2 resource selection. From the perspective of Tx UE, the reported candidate resources should be treated as assistant information but not decisive information. Some other factors should also be considered in Tx UE’s resource selection. It means that Tx UE is not mandated to select transmission resource by exactly following the reported resource sets.
[bookmark: _Toc54188334][bookmark: _Toc47557284][bookmark: _Toc47557290]To enable the preferred resources set reporting in inter-UE coordination scheme for unicast, the following steps should be supported:
[bookmark: _Toc54188335]Tx UE should trigger the inter-UE coordination procedure 
[bookmark: _Toc54188336]Tx UE should inform Rx UE of the configuration of the requirement of Tx UE data transmission
[bookmark: _Toc54188337][bookmark: _Toc47557285]Rx UE should perform sensing and resource selection as.
[bookmark: _Toc47557286][bookmark: _Toc54188338]To reuse the Rel-16 mode 2 sensing procedure as baseline.
[bookmark: _Toc47557287][bookmark: _Toc54188339]To perform sensing according to the indicated configuration in the transmission resource pool of Tx UE.
[bookmark: _Toc47557289][bookmark: _Toc54188340]Rx UE should send the preferred resources set on PSSCH
[bookmark: _Toc54188341]Tx UE is not mandated to exactly follow the reported resource sets when selecting transmission resources
[bookmark: _Toc27407][bookmark: _Toc19611][bookmark: _Toc18667][bookmark: _Toc21424][bookmark: _Toc20096]Conclusion
According to the discussion above, the following observations and proposals are presented:
Observation 1:	Between two UEs with PC5 RRC connection in a group, the inter-UE coordination scheme for unicast can be reused.
Observation 2:	For groupcast with header UE, PC5 RRC connection should be supported between header UE and member UEs to exchange information for inter-UE coordination.
Observation 3:	For groupcast without header UE, the benefit of using inter-UE coordination is unclear.
Observation 4:	Exposed node issue may be addressed by reporting sensing result of Rx UE to Tx UE, further details need to be studied.
Observation 5:	Assistant information can be provided from Rx UE to Tx UE to avoid resource collision due to half-duplex, but the actual performance effect needs to be studied further.

Proposal 1:	Inter-UE coordination, e.g., via PC5 RRC, should be supported for unicast with higher priority.
Proposal 2:	Inter-UE coordination is not supported for broadcast.
Proposal 3:	The inter-UE coordination for sidelink groupcast without header UE should be deprioritized.
Proposal 4:	The inter-UE coordination for sidelink groupcast with header UE should depend on the conclusion of high layer, i.e. if PC5 RRC connection between header UE and member UEs is supported.
Proposal 5:	To address the hidden node issue, directly report from the Rx UE of resource set derived from sensing result should be reported.
Proposal 6:	For unicast, Rx UE should be taken as UE A to send resource set report to Tx UE.
Proposal 7:	For unicast, reported resources set from UE A according to the UE B’s preference on transmission should be supported with higher priority.
Proposal 8:	To enable the preferred resources set reporting in inter-UE coordination scheme for unicast, the following steps should be supported:
•	Tx UE should trigger the inter-UE coordination procedure
•	Tx UE should inform Rx UE of the configuration of the requirement of Tx UE data transmission
•	Rx UE should perform sensing and resource selection as.
i	To reuse the Rel-16 mode 2 sensing procedure as baseline.
ii	To perform sensing according to the indicated configuration in the transmission resource pool of Tx UE.
•	Rx UE should send the preferred resources set on PSSCH
•	Tx UE is not mandated to exactly follow the reported resource sets when selecting transmission resources
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Appendix
[bookmark: _Ref54188299]Table 1 Assumption for evaluation
	Parameter
	value

	Deployment
	Freeway

	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 highway 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.

	Cast Type
	Unicast

	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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