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Introduction
In RAN1#105-e meeting, the overall framework of inter-UE coordination was discussed, but no agreements were achieved due to the divergent views. Two potential proposals for working assumption were provided in the feature lead summary[1] and could be further discussed at this meeting.
	Proposal 1 for Working assumption:
· For scheme 1, the following inter-UE coordination information signaling from UE-A is supported. FFS details including condition(s)/scenario(s) under which each information is enabled to be sent by UE-A and used by UE-B.
· Set of resources preferred for UE-B’s transmission
· Set of resources non-preferred for UE-B’s transmission
· FFS: Whether in one signaling instance of coordination information, UE-A sends one type of resources (either preferred or non-preferred)
· FFS: Whether information for another resource set can be implicitly derived from signaling of information for a specific resource set
· Note that this implies that RAN1 decides no further down-selection between the preferred resource set and the non-preferred resource set in the following FFS point (marked with yellow) of agreement made in RAN1#104bis-e meeting.

Proposal 2 for Working assumption:
· For scheme 2, the following inter-UE coordination information signaling from UE-A is supported. FFS details including condition(s)/scenario(s) under which each information is enabled to be sent by UE-A and used by UE-B
· Presence of expected/potential resource conflict on the resources indicated by UE-B’s SCI
· Presence of detected resource conflict on the resources indicated by UE-B’s SCI
· Note that this implies that RAN1 decides no further down-selection between the expected/potential conflict and the detected resource conflict in the following FFS point (marked with yellow) of agreement made in RAN1#104bis-e meeting.


In this contribution, we will further discuss the details of the inter-UE coordination mechanism, including the procedures for inter-UE coordination scheme 1 and scheme 2 and details on both inter-UE coordination schemes. 
Potential application scenarios for inter-UE coordination
In Rel-16 NR-V2X, the transmission resources are only selected based on TX UE’s sensing results, and TX UE has no knowledge about whether the selected transmission resources are suitable or not for Rx UE(s). Inter-UE coordination can provide gains and benefits on Rel-16 resource selection mechanism with the consideration of reception of Rx UE(s). In general, there are three potential application scenarios for inter-UE coordination:
	

	


	a) Hidden-nodes
	b) Half-duplex

	


	c) Exposed-nodes


Figure 1: The potential application scenarios for inter-UE coordination
· Hidden nodes issue
As shown in Figure 1-a), UE1 and UE2 perform resource selection based on its sensing results respectively, and they are not within the sensing range. Due to no coordination, the UE1 and UE2 may select the same transmission resources. The co-channel interference will happen at Rx UE side (UE3).
Further considering the data reception of UE3, if UE3 is the target receiver of UE1 and UE2, and UE1 and UE2 select overlapped resources based on its own sensing results respectively, even the overlapped resource is not the high interference resource, the UE3 could not decode the transmissions of UE1 and UE2 simultaneously.
· Half-duplex issue
As shown in Figure 1-b), UE3 is the target receiver of UE 1, and UE3 needs to communicate with UE2. If UE3 selects transmission resources overlapped with the transmission resources of UE1, then UE3 cannot receive the transmission from UE1.
· Exposed nodes issue
Mitigating exposed nodes issue is proposed to alleviate excessive resource exclusion by some companies. However, as shown in Figure 1-c), in order to use same transmission resources with UE3, UE2 must know the information of another pair (such as UE-ID and location of UE4) to guarantee that UE2 would not cause high interference to UE4. In order to obtaining necessary information for solving exposed nodes issue, it needs to introduce extra coordination between UE2 and UE3. 
Based on above discussion, hidden nodes issue and half-duplex issue are urgent problems needed to be solved in Rel-17 and can provide obvious PRR gain according to some companies’ simulation results. However, with the consideration of standardization effort and limited left time for Rel-17, the exposed nodes issue should not be the target application scenario for inter-UE coordination in Rel-17. 
Proposal 1: Inter-UE coordination should be performed to solve hidden-nodes issue and half-duplex issue.
Procedures for inter-UE coordination schemes
In general, the procedures for inter-UE coordination scheme 1 and scheme 2 are illustrated in Figure 2-a) and Figure 2-b) respectively. 

a) Inter-UE coordination scheme 1                                                  b) Inter-UE coordination scheme 2
Figure 2: Procedures of inter-UE coordination schemes
In inter-UE coordination scheme 1, there are mainly three steps:
1) When UE-B (coordinated UE) is triggered for resource (re-)selection and UE-B determines to perform inter-UE coordination scheme 1, it will transmit inter-UE coordination trigger information to UE-A (coordinating UE). With the consideration of latency requirement of data, for some low latency data transmission, the data transmission could be associated with the trigger information. the trigger information should carry the necessary information to help UE-A determine resource coordination information, such as priority level, resource reservation periodicity, resource coordination window, and etc. 
2) After receiving the trigger information, the UE-A can determine the resource coordination information according to the indication of trigger information, the coordination information could be preferred resource set or non-preferred resource set. And then UE-A will feedback the resource coordination information to UE-B within a delay bound, otherwise the resource coordination information will be aged.  
3) After receiving the resource coordination information from UE-A, UE-B will perform the resource (re-)selection according to the resource coordination information with or without own sensing results, and transmit data in the (re-)selected resource.
In inter-UE coordination scheme 2, there are also mainly three steps:
1) When UE-B performs data transmission and determines to perform inter-UE coordination scheme 2, it will transmit the related data with inter-UE coordination trigger indicator. 
2) After receiving the inter-UE coordination trigger indicator, UE-A will perform the resource conflict determination according the resources indicated by UE-B’s SCI. If resource conflict is happened, UE-A will determine the target UE-B and feedback the resource conflict indication to the target UE-B.
3) If UE-B received the resource conflict indication, UE-B will perform resource re-selection, and transmit data in the re-selected resource.
Based on above descriptions, inter-UE coordination scheme 1 could provide accurate resource coordination information for UE-B’s resource selection, but it will lead to higher signaling overhead, and additional PSCCH/PSSCH half-duplex issue due to transmission of resource coordination information. Inter-UE coordination scheme 2 can only provide the resource conflict indicator and trigger the resource re-selection, Tx UE has no knowledge about the interference at the target receiver side. However, scheme 2 can feedback the resource conflict with low latency and lower signaling overhead, e.g. by PSFCH-like channel, and scheme 2 has no additional PSCCH/PSSCH half-duplex issue, but has additional PSFCH half-duplex issue. 
Furthermore, inter-UE coordination scheme 1 is mainly used for the cases that the coordinated UE(UE-B) has clear knowledge on the target receiving UE(s), e.g. unicast and connection-based groupcast communication, and the target receiving UE(s) would be UE-A (coordinating UE). Inter-UE coordination scheme 2 may be used for the cases with or without clear knowledge on the target receiving UE. However, if the coordinating UE(UE-A) is not the target receiving UE(s) of coordinated UE(UE-B), it cannot mitigate the half-duplex issue and high interference resource from receiving UE side. Therefore, for both inter-UE coordination schemes, the coordinating UE(UE-A) should be the target receiving UE(s) of the coordinated UE(UE-B).
In the cases (i.e. unicast or connection-based groupcast communication) that both schemes can be applied, it is up to UE’s implementation to determine which scheme is applied. 
Proposal 2: For inter-UE coordination scheme 1, the following procedures are necessary:
· UE-B triggers the inter-UE coordination scheme 1, the trigger information should at least include priority level, resource reservation periodicity (if periodical transmission), and resource coordination window 
· After receiving the trigger information, the UE-A should determine the coordination information and feedback the resource coordination information within a delay bound. 
· After receiving the resource coordination information from UE-A, UE-B should perform the resource (re-)selection according to the resource coordination information with or without own sensing results.

 Proposal 3: For inter-UE coordination scheme 2, the following procedures are necessary:
· UE-B triggers the inter-UE coordination scheme 2 with associated SCI and data transmission.
· After receiving the trigger indicator, UE-A should perform the resource conflict determination by UE-B’s SCI. If resource conflict is happened, UE-A will determine the target UE-B and feedback the resource conflict indication to the target UE-B. 
· If resource conflict indication is received, UE-B should perform resource re-selection.

Proposal 4: For both inter-UE coordination scheme 1 and scheme 2, 
· The coordinating UE(UE-A) should be the intended receiving UE(s) of the coordinated UE(UE-B).
· In case of unicast and connection-based groupcast communication, it is up to UE’s implementation to trigger scheme 1 or scheme 2. 
Inter-UE coordination scheme 1
In inter-UE coordination scheme 1, there are two sub-schemes, i.e. preferred resource set and non-preferred resource set. In this section, the necessary of both preferred resource set and non-preferred resource set is discussed firstly, and then provide the design aspects on each type of resource set. Additionally, in the following discussion about inter-UE coordination scheme 1, UE-A is the intended receiver of UE-B.
Preferred resource set vs. non-preferred resource set
Ideally, if there is no signalling overhead limitation, both preferred resource set and non-preferred resource set can archive similar functionality, they can be completely full complementary for each other. 
However, with the consideration of signaling overhead, these two types of resource set are not complement for each other. For non-preferred resource set, the signaling overhead could be small, e.g. only non-preferred slots, which can mitigate the half-duplex issue. For preferred resource set, it can provide more accurate resource set for UE-B’s transmission, and the preferred resource set also needs to be limited in a reasonable size with the consideration of signaling overhead. Therefore, we think both preferred resource set and non-preferred resource set should be supported in inter-UE coordination scheme 1.
Proposal 5: In inter-UE coordination scheme 1, both preferred resource set and non-preferred resource set should be supported.
Inter-UE coordination scheme 1 with non-preferred resource set
1.1.1 Non-preferred resource set determination
As discussed in section 2, the inter-UE coordination can be used for mitigating the hidden nodes and half duplex issue. And the hidden nodes’ impacts can be further categorized into high interference resource, reception resource for other UE’s transmission. Therefore, the non-preferred resource set from UE-A can be constructed by three types:
· Potential/expected transmitting slots of UE-A
For mitigating half-duplex issue at UE-A side, UE-B should avoid transmitting in the slots which are potential/expected transmitting slots of UE-A.
· High interference resources of UE-A
Base on UE-A’s sensing results and RSRP/RSSI measurement, the resources with higher interference can be non-preferred resources, e.g. the measured RSRP/RSSI is larger than a (pre-) configured threshold. UE-B should avoid transmitting on the high interference resources of UE-A. Otherwise, UE-A cannot correctly decode the data transmission. 
· Reception resources for other UE’s transmission
If UE-A is the intended receiver of both UE-B and other UEs, the reception resource for other UE’s transmission should be avoided from UE-B’s transmission resource. The reception resource for other UE’s transmission could be survived from the high interference identifying procedure. 
Proposal 6: Non-preferred resource set should at least include the following resources:
· Potential/expected transmitting slots of UE-A
· High interference resources of UE-A
· Reception resources for other UE’s transmission of UE-A 
1.1.2 UE-B’s resource (re-)selection with non-preferred resource set 
Without UE-B’s sensing results, non-preferred resource set is insufficient for UE-B to construct its candidate resource set, since it would lead high interference to its neighboring UE’s transmission. Therefore, in case of non-preferred resource set, UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on both UE-B’s sensing result and the received coordination information.
Proposal 7: For non-preferred resource set, UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on both UE-B’s sensing result and the received coordination information.
Regarding how to use the non-preferred resource set in UE-B’s resource selection, there are two potential ways as follows:
· [bookmark: OLE_LINK5]Option 1: Final available resource set is UE-B’s available resource set excluding non-preferred resource set
[bookmark: OLE_LINK4][bookmark: OLE_LINK3]UE-B should firstly perform resource exclusion mechanism as that in Rel-16 to construct the available resource set SA1. And then UE-B should exclude all the non-preferred resources from SA1 to identify the final available resource set SA and then perform resource selection from SA. 
· Option 2: Non-preferred resource set is excluded from UE-B’s initial candidate resource set.
After receiving the non-preferred resource set from UE-A, UE-B firstly excludes the non-preferred resources from the initial candidate resource set. And then the resource exclusion mechanism in Rel-16 is performed to construct final available candidate resource set SA within the new initial candidate resource set.  
Both options can exclude the non-preferred resource set from the final available candidate resource set for UE-B’s resource selection, and archive similar performance gain. However, in option 1, there is a potential issue that the final available resources set SA could be far below X% or even an empty set after excluding the non-preferred resource set in extreme cases. In this situation, the coordination information cannot be effectively used by UE-B, e.g. UE-B may fall back to its own sensing results regardless of the non-preferred resource set.  With the operation in option 2, this problem in option 1 can be mitigated since the initial candidate resource set has excluded the non-preferred resource set.
Proposal 8: After receiving non-preferred resource set from UE-A, UE-B should firstly exclude the non-preferred resource set from its initial candidate resource set, and then perform the resource exclusion mechanism in Rel-16 to construct available candidate resource set (SA).
1.1.3 Evaluation results on non-preferred resource set 
In this section, non-preferred resource set is evaluated in unicast scenario and RX-UE(s) is selected naturally as coordinating UE. The coordination information is applied as option 2 described in section 4.2.2.
In system simulation, UE-B will transmit request signaling to UE-A when resource (re)selection is triggered. The request signaling includes the type of coordination information, priority, number of sub-channel for transmission, expected coordination window. With these parameters, the coordinating UE can provide the desired coordination information. The details on evaluation assumption are provided in Appendix A.  
The evaluation results are shown in Figure 3, it can be observed that there is about 5% PRR performance gain at 300m with the coordinated non-preferred resource set. Therefore, the coordination information with non-preferred resource set can provide obvious performance gain.  
Observation 1: In inter-UE coordination scheme 1 with non-preferred resource set, the mechanism that non-preferred resource set is excluded from UE-B’s initial candidate resource set, can provide obvious PRR performance gain.
[image: ]
Figure 3: The PRR results of non-preferred resource set 
Inter-UE coordination scheme 1 with preferred resource set
1.1.4 Preferred resource set determination
Preferred resource set could be constructed by UE-A’s legacy resource exclusion mechanism. However, if UE-A only performs resource exclusion by its own sensing results, there could be a risk that the preferred resource set identified by UE-A may include too much non-preferred resource for UE-B’s transmission, and at the extreme cases, the intersection of preferred resource set from UE-A and the final available resource set from UE-B is an empty set. We think this situation should be avoided as much as possible. 
Therefore, in order to construct the preferred resource set effectively, it would be better for UE-A to know the non-preferred resource(s) of UE-B in advance, i.e. potential/expected transmitting resources of UE-B, high interference resources of UE-B, reception slots for other UE’s transmission. These non-preferred resource(s) from UE-B side could be carried in the inter-UE coordination trigger information from UE-B.
Proposal 9: Before constructing the preferred resource set, UE-A should know the following non-preferred resource(s) of UE-B:
· Potential/expected transmitting resources of UE-B
· High interference resources of UE-B
· Reception slots for other UE’s transmission of UE-B
After obtained the non-preferred resource(s) of UE-B, UE-A can firstly exclude the non-preferred resource(s) from its initial candidate resource set, and then perform the resource exclusion mechanism in Rel-16 to construct the preferred resource set, the preferred resource set could be a subset of the available candidate resource set (SA).
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Proposal 10: After obtained non-preferred resources from UE-B, UE-A should firstly exclude the non-preferred resource set from its initial candidate resource set, and then perform the resource exclusion mechanism in Rel-16 to construct the preferred resource set, the preferred resource set could be a subset of the available candidate resource set (SA) of UE-A.

1.1.5 UE-B’s resource (re-)selection with preferred resource set
After UE-B received the preferred resource set from UE-A, UE-B can further determine the available candidate resource set based on its own sensing results and the preferred resource set. Only when UE-B has no sensing results, it can perform random selection in the preferred resource set. 
Proposal 11: After receiving preferred resource set from UE-A, 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 preferred resource set.
Proposal 12: After receiving preferred resource set from UE-A, if UE-B has no sensing results, UE-B should perform random selection in the preferred resource set. 

Regarding how to use the preferred resource set in UE-B’s resource selection, there are two potential ways as follows:
· Option 1: Final available resource set is the intersection of preferred resource set and UE-B’s available resource set 
[bookmark: OLE_LINK7][bookmark: OLE_LINK6]UE-B takes the intersection of own sensing results and preferred resource set as the available resource set, i.e., the resources used for transmissions should be considered as available by both UE-B and UE-A. Because of the operation of taking intersection, the ratio of available resource set may be smaller than X% with high probability, then UE-B cannot choose suitable resources from the intersection. In this situation, UE-B may fall back to its own sensing result.
· Option 2: The preferred resource set is treated as UE-B’s initial candidate resource set
After receiving coordination information (preferred resource set), UE-B can directly perform resource exclusion based on preferred resource set, i.e., the preferred resource set can be regarded as initial candidate resource set. And then the legacy resource exclusion mechanism in Rel-16 will be reused as much as possible. 
In option 1, the final available resource set may be far below X% or even an empty set after intersection with preferred resource set. In this situation, UE-B may fall back to its own sensing results regardless of the preferred resource set, and the selected transmission resource(s) from UE-B may be undesirable by UE-A when UE-A is the target receiver. Comparing with option 1, option 2 can ensure that the final available resource set is within the preferred resource set which can effectively avoid the half-duplex and hidden nodes impacts. Therefore, it is preferred that the preferred resource set provided by UE-A is used as UE-B’s initial resource set. 
Proposal 13: If the coordination information is preferred resource set, the preferred resource set is treated as UE-B’s initial candidate resource set.
1.1.6 Evaluation results on preferred resource set
[bookmark: _GoBack]In this section, two options of usage of preferred resource set described in section 4.3.2 are evaluated in unicast scenario.  The procedure of transmitting request information is same as section 4.2.3. 
In option 1, UE-B firstly performs resource exclusion and identifies X% available and then takes the intersection of own sensing results and received preferred resource set as the final available resource set. In option 2, UE-B performs resource exclusion based on the received preferred resource set, and the final available resource set is kept as X%. The details on evaluation assumption are provided in Appendix A.  
The evaluation results are shown in Figure 4, it can be observed that option 2 can perform better PRR performance gain than option 1, where the PRR gain of option 2 is 7%, whereas only 4% in option 1. 
Observation 2: In scheme 1, option 2(The preferred resource set is treated as UE-B’s initial candidate resource set) can provide much gain than option 1 (Final available resource set is the intersection of preferred resource set and UE-B’s available resource set).
[image: ]
Figure 4: The PRR results of different usage options of preferred resource set 
Inter-UE coordination scheme 2
In inter-UE coordination scheme 2, there are two types resource conflicts raised in previous discussion:
· Expected/potential resource conflict on the resources indicated by UE-B’s SCI
· Detected resource conflict on the resources indicated by UE-B’s SCI
For detected resource conflict type, it is somehow similar as that of HARQ feedback, the only thing can be done is to require more re-transmission(s) for the conflict transmission. From this point of view, we don’t think further enhancement on detected resource conflict is necessary on top of HARQ feedback. 
For expected/potential resource conflict type, UE-A can predict the future resource conflict based on UE-B’s resource reservation, and trigger the resource re-selection for UE-B. This manner can provide more resource conflict information from UE-A’s sensing results which is out of the sensing range of UE-B, e.g. hidden nodes or half-duplex.
[bookmark: OLE_LINK1]Proposal 14: Only expected/potential resource conflict is supported in inter-UE coordination scheme 2.
Conclusions
In this contribution, Inter-UE coordination is discussed. Particularly, we have following observations and proposals:
Proposal 1: Inter-UE coordination should be performed to solve hidden-nodes issue and half-duplex issue.
Proposal 2: For inter-UE coordination scheme 1, the following procedures are necessary:
· UE-B triggers the inter-UE coordination scheme 1, the trigger information should at least include priority level, resource reservation periodicity (if periodical transmission), and resource coordination window 
· After receiving the trigger information, the UE-A should determine the coordination information and feedback the resource coordination information within a delay bound. 
· After receiving the resource coordination information from UE-A, UE-B should perform the resource (re-)selection according to the resource coordination information with or without own sensing results.
 Proposal 3: For inter-UE coordination scheme 2, the following procedures are necessary:
· UE-B triggers the inter-UE coordination scheme 2 with associated SCI and data transmission.
· After receiving the trigger indicator, UE-A should perform the resource conflict determination by UE-B’s SCI. If resource conflict is happened, UE-A will determine the target UE-B and feedback the resource conflict indication to the target UE-B. 
· If resource conflict indication is received, UE-B should perform resource re-selection.
Proposal 4: For both inter-UE coordination scheme 1 and scheme 2, 
· The coordinating UE(UE-A) should be the intended receiving UE(s) of the coordinated UE(UE-B).
· In case of unicast and connection-based groupcast communication, it is up to UE’s implementation to trigger scheme 1 or scheme 2. 
Proposal 5: In inter-UE coordination scheme 1, both preferred resource set and non-preferred resource set should be supported.
Proposal 6: Non-preferred resource set should at least include the following resources:
· Potential/expected transmitting slots of UE-A
· High interference resources of UE-A
· Reception resources for other UE’s transmission of UE-A 
Proposal 7: For non-preferred resource set, UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on both UE-B’s sensing result and the received coordination information
Proposal 8: After receiving non-preferred resource set from UE-A, UE-B should firstly exclude the non-preferred resource set from its initial candidate resource set, and then perform the resource exclusion mechanism in Rel-16 to construct available candidate resource set (SA).
Observation 1: In inter-UE coordination scheme 1 with non-preferred resource set, the mechanism that non-preferred resource set is excluded from UE-B’s initial candidate resource set, can provide obvious PRR performance gain.
Proposal 9: Before constructing the preferred resource set, UE-A should know the following non-preferred resource(s) of UE-B:
· Potential/expected transmitting resources of UE-B
· High interference resources of UE-B
· Reception slots for other UE’s transmission of UE-B
Proposal 10: After obtained non-preferred resources from UE-B, UE-A should firstly exclude the non-preferred resource set from its initial candidate resource set, and then perform the resource exclusion mechanism in Rel-16 to construct the preferred resource set, the preferred resource set could be a subset of the available candidate resource set (SA) of UE-A.
Proposal 11: After receiving preferred resource set from UE-A, 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 preferred resource set.
Proposal 12: After receiving preferred resource set from UE-A, if UE-B has no sensing results, UE-B should perform random selection in the preferred resource set. 
Proposal 13: If the coordination information is preferred resource set, the preferred resource set is treated as UE-B’s initial candidate resource set.
Observation 2: In scheme 1, option 2(The preferred resource set is treated as UE-B’s initial candidate resource set) can provide much gain than option 1 (Final available resource set is the intersection of preferred resource set and UE-B’s available resource set).
Proposal 14: Only expected/potential resource conflict is supported in inter-UE coordination scheme 2.
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Annex A: System Level Evaluation Assumptions
	Parameter
	Value

	Deployment scenario
	Highway:  37.885 Option A scenario 
· Vehicle speed = 70 km/h

	Channel model
	Sidelink: Highway-LOS 

	Spectrum allocation
	Carrier frequency: 6 GHz
Simulated Bandwidth:20 MHz

	Subcarrier spacing
	30 kHz

	Traffic model
	Periodic: 
· Packet size: Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
· Inter-packet arrival time: 100ms
· Latency requirement: 100ms

	SCI/Data frequency resource allocation
	· PSCCH: 10 PRB, 3 OS
· PSSCH of aperiodic: [10, 20, 30, 40, 50] PRB for packet size of [400, 800, 1200, 1600, 2000] Bytes
· PSSCH of periodic: 30 PRB for packet size of [800, 1200] Bytes

	Data Packet Tx parameters
	Periodic variable packet size evaluations: 
· 800 Byte packet: 16-QAM, 1 TTI (CR = 0.444)
· 1200 Byte packet: 16-QAM, 1 TTI (CR = 0.667)

	Channel coding 
	PSCCH: Polar code
PSSCH: LDPC

	Antenna configuration 
	(Tx, Rx) = (2, 4) 
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