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[bookmark: _Toc12641]Introduction
[bookmark: _Toc25825]During the RAN1 #103-e meeting, the inter-UE coordination for resource allocation mode 2 was discussed from a high-level perspective, and two conclusions were reached, as shown below:
Conclusion:
· 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:
· 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
RAN1 #104-e made the following conclusion for feasibility and benefits of inter-UE coordination. 
Conclusion:
· RAN1 concludes that the inter-UE coordination in Mode 2 is feasible, and is beneficial (e.g.,  reliability, etc.) compared to Rel-16 Mode 2 RA, and thus recommends specification of the feature.
· The detailed observations can be found in the attachment of the LS
Further discuss the detailed observations (starting from the FL’s summary)

[bookmark: _GoBack]This contribution is a revision of R1-2100493, and discusses some of the design details related to inter-UE coordination for mode 2 enhancements. 
Discussion
Triggering of inter-UE coordination
There are two triggering methods for inter-UE coordination: requested by UE-B on demand, or triggered by pre-defined condition.
1. The inter-UE coordination can be requested by UE-B on demand. When a packet arrives at the Tx UE (UE-B), the Tx UE can request the coordinating UE(s) to respond with a set of resources (denoted by set A’). In this case, at least two signaling exchanges are required, as shown in Figure 1 a). When the Tx UE sends a request, the parameters which are used by the coordinating UE(s) to determine the set of resources A’ can be included in the request, such as the number of sub-channels , the packet delay budget (PDB), L1 priority, etc. In this case, the sensing operation at UE-A side should be based on the sensing parameters provided by UE-B, rather than its own sensing parameters. Therefore, UE-A can send a set of resources preferred for UE-B’s transmission. 
2. Some pre-defined condition can also trigger inter-UE coordination. For example, if the coordinating UE (UE-A) has detected persistent collision, it can share the interfered resources with the Tx UE (UE-B), and the Tx UE (UE-B) can take this into account by excluding the interfered resources from its candidate resource set (denoted by set A) based on its own sensing results. In this case, the coordinating UE (UE-A) transmits the coordinating information to Tx UE (UE-B) when pre-defined condition is met, as shown in Figure 1 b). In this case, UE-A can send to UE-B a set of resources not preferred for UE-B’s transmission, and/or a set of resources preferred for UE-B’s transmission. 


Figure 1. Two triggering methods for inter-UE coordination.
Proposal 1: The inter-UE coordination can be requested by UE-B on demand, or triggered by pre-defined condition.
Proposal 2: If the inter-UE coordination is requested by UE-B on demand, UE-A sends to UE-B a set of resources preferred for UE-B’s transmission. 
Proposal 3: If the inter-UE coordination is triggered by pre-defined condition, UE-A can send to UE-B a set of resources not preferred for UE-B’s transmission, and/or a set of resources preferred for UE-B’s transmission. 
Types of “the set of resources” determined at UE-A
[bookmark: _Hlk51832685]The set of resources determined at UE-A can be a set of slots, a set of subchannels, or a set of slot-subchannel resources. According to UE-A’s transmission/reception status, a set of slots can be transmitted to UE-B for its consideration, which helps mitigate the half duplex impact. According to the channel state information (CSI), a set of sub-channels can be sent to UE-B, which is beneficial to improve the reliability of transmission. According to UE-A’s own sensing results, a set of slot-subchannel resources can be sent to UE-B, which helps to alleviate the problems of hidden nodes and exposed nodes. 
Proposal 4: The set of resources sent by UE-A can be a set of slots, a set of subchannels, or a set of slot-subchannel resources. 
In addition, from the perspective of saving signaling overhead, the maximum number of resources in the set of resources sent by UE-A should be limited, especially if L1 signaling is considered to convey the coordination information. For example, when the channel condition is busy, the available resources are not many, it is better to send resources preferred for UE-B’s transmission, while when the channel condition is not busy, it is better to send resources not preferred for UE-B’s transmission. 
Proposal 5: The maximum number of resources in the set of resources sent by UE-A should be limited. 
In RAN1 #103-e, the following three types of “a set of resources” sent by UE-A to UE-B are identified:
· Type A: UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· Type B: 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
· Type C: UE-A sends to UE-B the set of resources where the resource conflict is detected
In our opinion, Type C-like resource is included in the Type B-like resource. In order for UE-B to take the resources sent by UE-A into account in the resource selection for its own transmission, it is necessary to indicate the type of the set of resources sent by UE-A. To simplify the design, explicit indication is preferred. 
Proposal 6: The type of the set of resources sent by UE-A is indicated explicitly. 
Resource selection by UE-B in mode 2
As analyzed in section 2.1, there may be multiple coordinating UEs providing different candidate resource sets to the Tx UE (UE-B) respectively. In the case of multiple coordinated UEs, the resource selection by the Tx UE (UE-B) is similar to the case of single coordinated UE. It should be noted that, different coordinating UEs may send inconsistent or conflicting coordination information, due to the dynamic changes of the environment. Thus, we propose to study the possibility of conflicting coordination information sent by multiple coordinating UEs, if this multiple coordinating UEs are allowed. If it is possible, some measures may need to be taken, for example, the Tx UE decides whether/how to follow the resource sets sent by the multiple coordinating UEs when the Tx UE performs resource selection for its own transmission. 
[bookmark: _Toc18667][bookmark: _Toc19611][bookmark: _Toc27407][bookmark: _Toc21424]Proposal 7: Study the possibility of conflicting coordination information sent by multiple coordinating UEs. 
After receiving the set of resources determined at UE-A (denoted by set A’), Tx UE (UE-B) should take it into account in the resource selection for its own PSCCH/PSSCH transmission. If all the resources in set A’ are not preferred for UE-B’s transmission, any resource that overlaps with set A’ should be excluded from the candidate resource set A, which is determined based on the UE-B’s own sensing results. If all the resources in set A’ are preferred for UE-B’s transmission, some processing operation at UE-B side may be needed depending on different triggering methods. If the inter-UE coordination is triggered by request together with sensing parameters, the resources in set A’ determined by the coordinating UE should have already met the transmission requirements of the Tx UE, such as the number of sub-channels , the packet delay budget, L1 priority, etc. While if the inter-UE coordination is triggered by pre-defined condition, the resources in set A’ determined by the coordinating UE may deviate from the Tx UE’s actual requirements. In this case, the appropriate resources that meet the transmission requirements of the Tx UE should be picked out from the set A’ first, and then combine with set A, e.g., union or intersection. Regarding how to use the set of resources sent by UE-A, there are various ways, and we suggest that it is up to UE-B’s implementation. 
Proposal 8: It is up to UE-B’s implementation on how to use the “the set of resources” sent by UE-A. 
[bookmark: _Toc20096]Conclusion
In this contribution, we have discussed the inter-UE coordination for mode 2 enhancements. Based on the discussion, we have the following proposals: 
[bookmark: _Toc19236]Proposal 1: The inter-UE coordination can be requested by UE-B on demand, or triggered by pre-defined condition.
Proposal 2: If the inter-UE coordination is requested by UE-B on demand, UE-A sends to UE-B a set of resources preferred for UE-B’s transmission. 
Proposal 3: If the inter-UE coordination is triggered by pre-defined condition, UE-A can send to UE-B a set of resources not preferred for UE-B’s transmission, and/or a set of resources preferred for UE-B’s transmission. 
Proposal 4: The set of resources sent by UE-A can be a set of slots, a set of subchannels, or a set of slot-subchannel resources. 
Proposal 5: The maximum number of resources in the set of resources sent by UE-A should be limited. 
Proposal 6: The type of the set of resources sent by UE-A is explicitly indicated. 
Proposal 7: Study the possibility of conflicting coordination information sent by multiple coordinating UEs. 
Proposal 8: It is up to UE-B’s implementation on how to use the “the set of resources” sent by UE-A. 
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