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Introduction
According to the WID [1] of RAN #90, R17 NR sidelink will enhance mode 2 resource allocation with the identified item “inter-UE coordination” to improve reliability and reduce latency. In this contribution, we will discuss the feasible mechanism of inter-UE coordination in mode 2 for NR sidelink communication.
Discussion
The following agreements about inter-UE coordination were made in RAN1 #104b-e:
	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:
· 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


Definition of “a set of resources”
In the last meeting [2], RAN1 has discussed the following two schemes of inter-UE coordination:
· 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 
· 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
For Scheme 1, preferred and non-preferred resources set have been proven to be beneficial compared to Rel-16 Mode 2 RA by some companies in different scenarios. In our opinion, preferred and non-preferred resources set have their own advantages in solving different problems.
For the half-duplex problem, “a set of resources” can be preferred resources on the slots in the resources selection window that does not be sensed by UE-B due to half-duplex. Then, UE-B can consider “a set of resources” when doing resource selection to reduce the waste of resources caused by half-duplex problems. For the hidden node problem, “a set of resources” can be non-preferred resources selected by UE-A. Then, UE-B can consider it when doing resource exclusion to eliminate potential hidden nodes. So, both preferred and non-preferred resource set should be supported.
Proposal 1：For inter-UE Coordination Scheme 1, both preferred and non-preferred resource set should be supported.
[bookmark: _GoBack]For Scheme 2, if UE-A detects that there is a resource conflict between two TX UEs, “a set of resources” can be resource conflict indication. In our view, resource conflict can be the situation that will occur in the future or have already occurred in the past. It at least include the following three conditions:
· The conflict of resources reserved by two TX UEs
As shown in figure 1 (a), UE-B and UE-C reserve the same resources for the future transmissions, and UE-A detects the conflict after decoding SCIs from UE-B and UE-C. Thus, UE-A can send “a set of resources” to UE-B or UE-C before transmission to avoid the conflict of resource reservation.
· Time domain resource conflict in RX UE
As shown in figure 1 (b), UE-B reserves the resources marked in blue for the future transmissions. UE-A as a receiver UE of UE-B detects it after decoding SCI, and coincidentally UE-A will also do transmission in the same slot. Thus, UE-A can send “a set of resources” to UE-B to avoid the conflict. This can avoid the half duplex problem from UE-A side.
· Transmission conflict that has occurred in RX UE
As shown in figure 1 (c), UE-B performs sidelink transmission with UE-A on the resources marked in blue, and UE-C performs another sidelink transmission on the same resources which has interfered UE-A’s reception. Thus, UE-A can send “a set of resources” to UE-B to avoid the potential collision of transmissions in the future due to periodic resource reservation. 



(a)  The conflict of resources reserved by two TX UEs   (b)  Time domain resource conflict in RX UE 


(c)   Transmission conflict that has occurred in RX UE 
Figure 1: The type of resource conflict
Proposal 2: The following three types of resource conflict should be considered:
· The conflict of resources reserved by two TX UEs
· Time domain resource conflict in RX UE 
· Transmission conflict that has occurred in RX UE 

How/When UE-A determines “a set of resources” 
In the RAN1#102-e meeting [3], we have discussed the conditions when UE-A sends “a set of resources”:
· Option 1: Based on signaling of triggering or requesting
· Option 2: Based on a pre-defined or (pre)configured triggering condition(s)
Inter-UE coordination based on two different triggering conditions are illustrated in figure 2 (a) and (b), respectively.



(a) inter-UE coordination based on option 1          (b) inter-UE coordination based on option 2
Figure 2. Procedure for the inter-UE coordination based on option 1 and option 2
From our point of view, for option 1 and option 2, how/when UE-A determines a set of resources should be discussed separately.
In the option 1, UE-B sends a request which can also carry some essential information about UE-B’s target transmission, such as the priority, period, etc. When UE-A receives the request, it determines “a set of resources”. In this case, the procedure of resource sensing and selection discussed in R16 can be a baseline. And the essential information about UE-B should be considered during resource exclusion. For example, when determining RSRP threshold used for UE-A’s resource exclusion, the priority of UE-B’s target transmission can be considered. And, the resources can be reserved based on the period of UE-B’s target transmission, after UE-A’s selection.
In the option 2, a pre-defined or (pre)configured triggering condition means that UE-A determines “a set of resources” in some pre-defined or (pre)configured slots periodically or semi-persistently, or UE-A determines “a set of resources”，when some resource conflict discussed in section 2.1 happens. But for the first case, without UE-B's information, UE-A can only use its own information to determine resources which may not be suitable for UE-B's transmission. 
Proposal 3: When UE-A receives the request from UE-B, UE-A determines “a set of resource”, and the essential information about UE-B’s target transmission should be considered during resource exclusion.
Proposal 4: When UE-A detects resource conflict, UE-A determines “a set of resource”.

Time domain behavior of “a set of resources” transmission
After determining “a set of resources”, UE-A sends it to UE-B. In this subsection, we will discuss the time domain behavior of “a set of resources” transmission. We think the time domain behavior is also related to how to trigger UE-A to send “a set of resources”, which has discussed in section 2.2.
When UE-A sends “a set of resources” based on signaling of triggering or requesting, the time domain behavior of “a set of resources” transmission can be periodic, semi-persistent or aperiodic. For periodic and semi-persistent transmission, UE-A can persistently send the latest results of sensing and selection. On the other hand, for aperiodic transmission, UE-A only sends “a set of resource” when UE-B has a request, then it can reduce the signaling overhead.
When UE-A sends “a set of resources” based on a pre-defined or (pre)configured triggering condition(s), the aperiodic time domain behavior of “a set of resources” transmission may be more suitable. Only when the resource conflict discussed in section 2.1 happens, UE-A sends “a set of resources” to trigger UE-B to do resource reselection or retransmission. This is an aperiodic behavior.
Proposal 5: When UE-A sends “a set of resources” based on signaling of triggering or requesting, the time domain behavior of “a set of resources” transmission can be periodic, semi-persistent or aperiodic.   
Proposal 6: When UE-A sends “a set of resources” based on a pre-defined or (pre)configured triggering condition(s), the time domain behavior of “a set of resources” transmission can be aperiodic.

 Determination of UE-A
As a UE-A, it may provide resource assistance information for one or more TX UEs frequently. Not every UE can be a UE-A, i.e., UEs with rigorous power saving requirements or UEs with relatively busy SL services are not suitable. Therefore, we should first determine which UE can be served as a UE-A and how to configure it as a UE-A.
UE-A can be the receiver(s) of UE-B or other UE(s). For the former, we need to discuss how to determine UE-A in the groupcast. For example, we can determine the UE-A based on the distance between UE-A and UE-B. Because the value of “a set of resources” is greater, if the distance is small. For the latter, UE-A can be configured by gNB through RRC signaling in the in-coverage case. In the out-of-coverage case, UE-A can be pre-configured, or a UE voluntarily decides whether to be served as a UE-A. And, the mechanism that a UE is served as a UE-A voluntarily needs further study. For example, the UE can be voluntarily served as a UE-A according to its own SL services.
Proposal 7: UE-A can be RX UE(s) of UE-B or other UE(s). 

How UE-A sends “A set of resources” to UE-B
During the previous meeting, some candidate methods about how UE-A sends “A set of resources” to UE-B were discussed, such as PHY signaling, MAC-CE and PC5-RRC. 
The inter-UE coordination mechanism is introduced to solve the half-duplex problem, hidden node/exposed node problem, and other resource collision problems. Hidden node/exposed node problem and some collision problems usually appear or disappear instantaneously. If PC5-RRC is used to send "a set of resources", the latency requirement may not be met. For MAC-CE and PHY signaling, if the content of "a set of resources" is large, such as the sensing result of UE-A, MAC-CE is more suitable. If the content of "a set of resources" is small, such as collision indication, PHY signaling can be considered.
Proposal 8: MAC CE or PHY signaling should be supported as the container of “a set of resource”.

Which cast type is considered for inter-UE coordination
When we discuss the cast type for inter-UE coordination, the cast type of communication between UE-A and UE-B, and between UE-B and UE-B’s receiver(s) should be considered separately. 
· The cast type of communication between UE-B and UE-B’s receiver(s)
Both half-duplex problem and hidden node problem exist in unicast, groupcast and broadcast communication. In unicast and groupcast, such problems can be solved by inter-UE coordination. As analyzed in previous subsections, UE-A can send the (not) recommended resource on the slots that UE-B cannot perform sensing because of half-duplex problem. And the receiving UE(s) of UE-B can announce the hidden node problem. For broadcast, as the receiving UE is unknown to the transmitting UE, the hidden node problem may not be solved well. However, at least half-duplex can be solved by inter-UE coordination. Therefore, all cast type should be considered for inter-UE coordination, and when discussing the inter-UE coordination mechanism, we should consider the differences among different cast types.
Proposal 9: All cast type should be considered for inter-UE coordination, and the differences in mechanism should be considered among different cast types.

· The cast type of communication between UE-A and UE-B
From our point of view, the cast type of “a set of resources” transmission is related to the content of “a set of resources”. For example, if UE-A determines “a set of resource” based on the information of UE-B, unicast is more suitable. Because “a set of resources” in this case is for UE-B’s resource selection, it’s meaningless for the resource selection of other UE-Bs, and may even be an incorrect indication. If UE-A determines “a set of resources” without UE-B’s information, groupcast or broadcast is more suitable. Because “a set of resources” in this case has the same value for surrounding UE-Bs. Therefore, before discussing the cast type of “a set of resources” transmission, we should first determine how UE-A determines “a set of resources” and the type of “a set of resources”.
Proposal 10: At least unicast should be supported for “a set of resources” transmission.

Conclusions
Proposal 1：For inter-UE Coordination Scheme 1, both preferred and non-preferred resource set should be supported.
Proposal 2: The following three types of resource conflict should be considered:
· The conflict of resources reserved by two TX UEs
· Time domain resource conflict in RX UE 
· Transmission conflict that has occurred in RX UE 
Proposal 3: When UE-A receives the request from UE-B, UE-A determines “a set of resource”, and the essential information about UE-B’s target transmission should be considered during resource exclusion.
Proposal 4: When UE-A detects resource conflict, UE-A determines “a set of resource”.
Proposal 5: When UE-A sends “a set of resources” based on signaling of triggering or requesting, the time domain behavior of “a set of resources” transmission can be periodic, semi-persistent or aperiodic.   
Proposal 6: When UE-A sends “a set of resources” based on a pre-defined or (pre)configured triggering condition(s), the time domain behavior of “a set of resources” transmission can be aperiodic.
Proposal 7: UE-A can be RX UE(s) of UE-B or other UE(s).
Proposal 8: MAC CE or PHY signaling should be supported as the container of “a set of resource”.
Proposal 9: All cast type should be considered for inter-UE coordination, and the differences in mechanism should be considered among different cast types.
Proposal 10: At least unicast should be supported for “a set of resources” transmission.
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