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Introduction
In RAN1#104bis-e meeting, inter-UE coordination was further discussed and the following agreements were achieved [1]:
	Agreements:
· Support the following schemes of inter-UE coordination in Mode 2:
· Inter-UE Coordination Scheme 1: 
· The coordination information sent from UE-A to UE-B is the set of resources preferred and/or non-preferred for UE-B’s transmission
· FFS details including a possibility of down-selection between the preferred resource set and the non-preferred resource set, whether or not to include any additional information other than indicating time/frequency of the resources within the set in the coordination information
· FFS condition(s) in which Scheme 1 is used
· Inter-UE Coordination Scheme 2: 
· The coordination information sent from UE-A to UE-B is the presence of expected/potential and/or detected resource conflict on the resources indicated by UE-B’s SCI
· FFS details including a possibility of down-selection between the expected/potential conflict and the detected resource conflict
· FFS condition(s) in which Scheme 2 is used

Agreements:
1. Study further to determine the conditions for UEs to be UE-A(s)/UE-B(s) for inter-UE coordination:
· Details include applicable scenario(s)/inter-UE coordination scheme(s)
· E.g., only UE(s) among the intended receiver(s) of UE-B can be a UE-A, any UE can be a UE-A, high-layer configured, etc.
· Including the possibility of being subject to certain conditions and/or capability

Agreements:
· When UE-B receives the inter-UE coordination information from UE-A, consider at least one of the following options (with details FFS including possibly down-selecting/merging one or more of the options below, applicable scenario(s)/condition(s) for each option, UE behavior) for UE-B’s to take it into account in the resource (re)-selection for its own transmission
· For scheme 1:
· [bookmark: _GoBack]Option 1-1: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on both UE-B’s sensing result (if available) and the received coordination information
· Option 1-2: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based only on the received coordination information
· Option 1-3: UE-B’s resource(s) to be re-selected based on the received coordination information
· Option 1-4: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on the received coordination information
· For scheme 2:
· Option 2-1: UE-B can determine resource(s) to be re-selected based on the received coordination information
· Option 2-2: UE-B can determine a necessity of retransmission based on the received coordination information


In this contribution, we will further discuss the details of the inter-UE coordination mechanism, including the potential application scenarios for inter-UE coordination, procedure for inter-UE coordination, and details of inter-UE coordination scheme 1 and scheme 2. 

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 two major application scenarios for inter-UE coordination:


             
a) Hidden-nodes                                                                  b) Half-duplex
Figure 1 The 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.
The evaluation results for mitigating hidden nodes and half-duplex issues were provided in [2], as shown in Figure 2. It can be observed that almost 8%-15% PRR performance gain can be obtained at 300m. Therefore, inter-UE coordination can provide benefits for hidden nodes and half-duplex issues.
[image: ]
Figure 2 The PRR performance gain of inter-UE coordination

Observation 1: Inter-UE coordination can provide benefits on following cases:
· Mitigating high interference resource at target receiving UE side
· Mitigating the reception resource for other UE’s transmission at target receiving UE side
· Mitigating the half-duplex slot at target receiving UE side 
Procedures for inter-UE coordination schemes
In general, the procedures for inter-UE coordination scheme 1 and scheme 2 are illustrated in Figure 3-a) and Figure 3-b respectively. 



a) Inter-UE coordination scheme 1                                                  b) Inter-UE coordination scheme 2
Figure 3 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 selection 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 resource coordination 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, 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-likely 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 with clear knowledge on the target receiving UE, e.g. unicast and connection-based groupcast communication, and the target receiving UE would be UE-A (coordinating UE). Inter-UE coordination could be used for the cases with or without clear knowledge on the target receiving UE, i.e. all the cast type, but which UE can be the UE-A should further study. 
In the cases (i.e. unicast or connection-based groupcast communication) that both schemes can be used applied, it is up to UE implementation to determine which scheme is applied. 
Proposal 1: For inter-UE coordination scheme 1, the following procedures are necessary:
· UE-B trigger 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

 Proposal 2: For inter-UE coordination scheme 2, the following procedures are necessary:
· UE-B trigger 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 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 3: For inter-UE coordination, 
· Inter-UE coordination scheme 1 can be applied for unicast and connection-based groupcast communication, UE-A is the target receiving UE(s).
· Inter-UE coordination scheme 2 can be applied for all the cast type, FFS on how to determine UE-A
· In case of unicast and connection-based groupcast communication, it is up to UE 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, both sub-schemes will be discussed in the following sections separately. In the following discussion about inter-UE coordination scheme 1, the UE-A is the intended receiver of UE-B. 
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 is potential/future transmitting slot of UE-A.
· High interference resource 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 cannot correct decode the data transmission. 
· Reception resource 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 4: 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 
After UE-B received the non-preferred resource set from UE-A, the UE-B should first 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).  
Proposal 5: After receiving non-preferred resource set from UE-A, UE-B should first 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).
Inter-UE coordination scheme 1 with preferred resource set
1.1.3 Preferred resource set determination
In order to construct the preferred resource set, the UE-A should know the non-preferred resources 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. Otherwise, the preferred resource set determined by UE-A may not be overlapped with UE-B’s available candidate resource set (SA), i.e. the intersection between preferred resource set of UE-A and UE-B’s available candidate resource set is an empty set. The non-preferred resources of UE-B can be obtained from UE-A’s sensing results and trigger information from UE-B
Proposal 6: Before constructing the preferred resource set, UE-A should know the following non-preferred resource(s) of UE-B by UE-A’s sensing results and trigger information from 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 first 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).
Proposal 7: After obtained non-preferred resources from UE-B, UE-A should first 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).
1.1.4 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. If UE-B is a UE type without PSCCH/PSSCH reception capability, then UE-B can can directly use the preferred resource set as its available candidate resource set. In this manner, the transmission resource(s) selected by UE-B is always a subset of preferred resource set.
Proposal 8: After receiving preferred resource set from UE-A, UE-B can determine the available candidate resource set based on its own sensing results and the preferred resource set, or UE-B can directly use the preferred resource set as its available candidate resource set if UE-B is incapable of PSCCH/PSSCH reception. 
Inter-UE coordination scheme 2
Resource conflict determination
Inter-UE coordination scheme 2 can be used for all the cast type, and UE-A (coordinating UE) can be either the intended receiver of UE-B or other UEs which are not the intended receivers of UE-B. For resource conflict determination, different UE-A will determine the resource conflict in different manner. 
Firstly, if UE-A is the intended receiver of UE-B, the identified resource conflict can be categorized as following:
· Half-duplex conflict
The transmission resource indicated by UE-B is conflict with the resource used for UE-A’s transmission. UE-A can determine this type of resource conflict by UE-A’s sensing results and UE-A’s reserved transmission resource.
· Potential/expected resource overlapped with other UE’s transmission
The transmission resource indicated by UE-B is overlapped with other UE’s transmission due to hidden nodes issue or non-monitoring slot issue, UE-A can determine this type of resource conflict by UE-A’s sensing results. 
If UE-A is not the intended receiver of UE-B, only the potential/expected resource overlapped with other UE’s transmission is essential for resource conflict determination. The identified resource conflict by a non-intended receiver will be a subset of that by an intended receiver. From this point of view, it is preferable that the UE-A of inter-UE coordination scheme 2 is the intended receiver of UE-B. 
Observation 2: For inter-UE coordination scheme 2, 
· If UE-A is the intended receiver of UE-B, the identified resource conflict includes:
· Half-duplex conflict 
· Potential/expected resource overlapped with other UE’s transmission
· If UE-B is not the intended receiver of UE-B, the identified resource conflict includes:
· Potential/expected resource overlapped with other UE’s transmission
· The identified resource conflict by a non-intended receiver will be a subset of that by an intended receiver.

Proposal 9: It is preferable that the UE-A of inter-UE coordination scheme 2 is the intended receiver of UE-B.

Conclusions
In this contribution, Inter-UE coordination is discussed. Particularly, we have following observations and proposals:
Observation 1: Inter-UE coordination can provide benefits on following cases:
· Mitigating high interference resource at target receiving UE side
· Mitigating the reception resource for other UE’s transmission at target receiving UE side
· Mitigating the half-duplex slot at target receiving UE side 
Proposal 1: For inter-UE coordination scheme 1, the following procedures are necessary:
· UE-B trigger 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

 Proposal 2: For inter-UE coordination scheme 2, the following procedures are necessary:
· UE-B trigger 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 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 3: For inter-UE coordination, 
· Inter-UE coordination scheme 1 can be applied for unicast and connection-based groupcast communication, the UE-A is the target receiving UE(s).
· Inter-UE coordination scheme 2 can be applied for all the cast type, FFS on how to determine UE-A
· In case of unicast and connection-based groupcast communication, it is up to UE implementation to trigger scheme 1 or scheme 2. 

Proposal 4: Non-preferred resource set should at least include the following resources:
· Potential/future transmitting slots of UE-A
· High interference resources of UE-A
· Reception resources for other UE’s transmission of UE-A 

Proposal 5: After receiving non-preferred resource set from UE-A, UE-B should first 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).

Proposal 6: Before constructing the preferred resource set, UE-A should know the following non-preferred resource(s) of UE-B by UE-A’s sensing results and trigger information from UE-B:
· Potential/future transmitting slots of UE-B
· High interference resources of UE-B
· Reception resources for other UE’s transmission of UE-B

Proposal 7: After obtained non-preferred resources from UE-B, UE-A should first 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).

Proposal 8: After receiving preferred resource set from UE-A, UE-B can determine the available candidate resource set based on its own sensing results and the preferred resource set, or UE-B can directly use the preferred resource set as its available candidate resource set if UE-B is incapable of PSCCH/PSSCH reception. 

Observation 2: For inter-UE coordination scheme 2, 
· If UE-A is the intended receiver of UE-B, the identified resource conflict includes:
· Half-duplex conflict 
· Potential/expected resource overlapped with other UE’s transmission
· If UE-B is not the intended receiver of UE-B, the identified resource conflict includes:
· Potential/expected resource overlapped with other UE’s transmission
· The identified resource conflict by a non-intended receiver will be a subset of that by an intended receiver.

Proposal 9: It is preferable that the UE-A of inter-UE coordination scheme 2 is the intended receiver of UE-B.
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