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1 Introduction
Inter-UE coordination in Rel-17 NR sidelink mode2 is to share resource allocation information among the UEs communicating with each other. In Rel-16 NR sidelink mode2, only TX UE performs resource allocation by sensing and resource selection procedure. On the other hand, in Rel-17 NR sidelink mode2, other UE(s) may provide resource selection assistance information (RSAI) to TX UE by inter-UE coordination. In RAN1#104-e meeting [1], RAN1 concludes that the inter-UE coordination is feasible, and is beneficial (e.g., reliability, etc.) compared to Rel-16 NR sidelink mode2. In this contribution, we discuss about the inter-UE coordination in the regards of supported scenarios, RSAI details, and other issues.
2 Discussion on inter-UE coordination
Supported scenarios
In RAN1#104bis-e meeting [2], the following agreement was made for supporting scenario of inter-UE coordination:
· 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
[bookmark: _GoBack]In the above agreement, UE-A is a coordinator UE who provides resource selection assistance information (RSAI) to TX UE by inter-UE coordination. On the other hand, UE-B is the TX UE who receives RSAI from UE-A. For inter-UE coordination, the first question is that UE-A should be the intended receiver of UE-B or any UE (other than receiver of UE-B). In Figure 1, the former case corresponds to Scenario A while the latter case corresponds to Scenario B. For Scenario A, the performance benefits was studied in [3] and it was observed that Scenario A can address the issues of hidden-node, exposed-node, and half duplex problems for TX UE based resource allocation. Scenario B may include Scenario A. However, further investigation is necessary for Scenario B (e.g., performance advantages of Scenario B and possible RAN2 impacts if any). In this regard, we propose:
Proposal 1: For inter-UE coordination, support Scenario A for determining UE-A.
· Scenario A: Only UE(s) among the intended receiver(s) of UE-B can be a UE-A
· Scenario B: Any UE can be a UE-A
Since cast types of broadcast, groupcast, and unicast are supported in NR sidelink, the important issue is to decide the supported cast type for inter-UE coordination. According to applied cast type, possible solutions and specification impacts for inter-UE coordination would be different. Unlike unicast and groupcast, RX UEs in broadcast are unspecified and can be any UE around the TX UE. Therefore, RSAI transmission in broadcast manner may cause other problem such as half duplex and inefficient resource utilization. In this regard, inter-UE coordination may not be suitable for sidelink broadcast scenario even though this can be used to reduce power consumption.
Proposal 2: Inter-UE coordination is supported in unicast and groupcast.
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(b) Scenario B


Figure 1 Two different scenarios describing a UE who provides coordinating information
In Figure 1, only one coordinating UE (i.e., UE-A) is depicted. However, TX UE (i.e., UE-B) can receive RSAI more than one UE especially in groupcast scenario. Therefore, we need to consider this case also for inter-UE coordination. If TX UE receives RSAIs from the multiple coordinating UEs, TX UE need to determine the available resource(s) from the multiple RSAIs.
Proposal 3: TX UE (i.e., UE-B) can receive RSAI from multiple coordinating UEs (i.e., UE-As) at least for groupcast.
For inter-UE coordination, the next question is how to determine the conditions for UEs to be UE-A(s) and UE-B(s). First of all, we discuss about the conditions for being UE-A(s). The inter-UE coordination can be enabled or disabled by (pre-)configuration. Thus, UE-A can provide RSAI to UE-B when the inter-UE coordination is enabled. Since UE-A should perform an additional procedure to provide RSAI for UE-B, the capability for providing RSAI needs to be defined and this capability can be one of conditions for being UE-A. For example, UE-A should have enough power because it requires the additional mode 2 operation for UE-B to provide RSAI. In this aspect, a UE in capability for power saving mode should not be configured as UE-A. Also, a UE can be configured as UE-A by an additional signalling and this can be a request signal for RSAI. In Figure 1, if only Scenario A is supported, the intended receiver of UE-B can be UE-A. In addition, when a UE receives RSAI request from UE-B and if the UE can make decision that it is not within in communication range from UE-B, the UE does not need to become UE-A for providing RSAI. Or when a UE detects poor reception from UE-B, the UE can become UE-A and provide RSAI to UE-B expecting resource (re-)selection for UE-B. Therefore, we propose the following as conditions for being UE-A(s):
Proposal 4: Being a coordinating UE (i.e., UE-A) in inter-UE coordination if at least the following conditions are met:
· when inter-UE coordination is enabled,
· when a UE has capability for providing RSAI 
· when a UE is not configured as power saving mode
· when a UE is requested as UE-A (i.e., receiving RSAI request from UE-B), 
· when a UE is within communication range from UE-B
· FFS: when a UE detects poor reception from UE-B 
Secondly, we discuss about the conditions for being UE-B(s). The inter-UE coordination can be enabled or disabled by (pre-)configuration. Thus, UE-B can receive RSAI from UE-A when the inter-UE coordination is enabled. Also, a UE can be configured as UE-B when this UE requests RSAI to UE-A. In addition, when a UE is configured as power saving mode such as random selection or partial sensing or sidelink DRX, receiving coordinating information from UE-A would be beneficial to improve the performance of resource selection. In this regard, a UE in power saving mode can be UE-B. Therefore, we propose the following as conditions for being UE-B(s):
Proposal 5: Being a UE receiving coordinating information (i.e., UE-B) in inter-UE coordination if at least the following conditions are met:
· when inter-UE coordination is enabled,
· when a UE requests RSAI to UE-A, 
· FFS: when a UE is configured as power saving mode
RSAI details
In RAN1#104bis-e meeting [2], two inter-UE coordination schemes were agreed for a UE providing coordinating information (i.e., UE-A) as:
· 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
Notice that in this contribution we have defined “the set of resources” in Scheme 1 or “the presence of resource conflict” in Scheme 2 in the above as RSAI (Resource Selection Assistance Information). In the situation that two different types of RSAI are supported by above agreement, we need to consider commonality between Scheme 1 and Scheme 2 in order to avoid separate design of two schemes and related specification efforts. Therefore, the following design principles for Scheme 1 and Scheme 2 are suggested for inter-UE coordination.
· P1: Scheme 1 or Scheme 2 is used for UE-A when RSAI is requested by UE-B or gNB
· P2: Application between Scheme 1 and Scheme 2 is configured by high layer signalling
· P3: If Scheme 1 is configured, UE-A selects the set of preferred resource for UE-B’s transmission based on UE-A’s sensing results and this is indicated as RSAI.
· P4: If Scheme 2 is configured, UE-A identifies the presence of non-preferred resource(s) (i.e., expected/potential resource conflict) indicated by UE-B’s SCI and this is indicated as RSAI.
· P5: The identification of non-preferred resource(s) in Scheme 2 is used for Scheme 1
· P6: 2nd SCI is used as a container carrying RSAI
At first, P1 above means that UE-A provides RSAI to UE-B by inter-UE coordination Scheme 1 or Scheme 2 when UE-A receives the request signalling from UE-B or gNB. Secondly, for UE-A the application between Scheme 1 and Scheme 2 can be configured by high layer signalling (P2). For example, (pre-)configuration can be used to determine schemes. If Scheme 1 is configured, UE-A can select the set of preferred resource for UE-B’s transmission based on UE-A’s sensing results (P3). Since “the presence of resource conflict” in Scheme 2 can be interpreted as “the non-preferred resource set” and in the situation that two schemes are supported, Scheme 1 does not need to consider “the non-preferred resource set”. Therefore, it was proposed to use “the preferred resource set” as RSAI for Scheme 1 while “the non-preferred resource(s)” is used as RSAI for Scheme 2. According to P4, if Scheme 2 is configured, UE-A identifies the presence of non-preferred resource(s) indicated by UE-B’s SCI. Also, when Scheme 1 is configured, P4 can be utilized (P5). Specifically, the non-preferred resource(s) identified in Scheme 2 can be excluded from the candidate resource(s) in Scheme 1. In this aspect we need to modify Rel-16 NR sidelink mode2 procedure to determine RSAI for Scheme 1. In addition, as described in P6, 2nd SCI is used as a container carrying RSAI both for Scheme 1 and Scheme 2. Therefore, we propose:
Proposal 6: Strive for common design for inter-UE coordination Scheme 1 and Scheme 2 by following principles
· Scheme 1 or Scheme 2 is used at a time for UE-A when RSAI is requested by UE-B or gNB
· Application between Scheme 1 and Scheme 2 is configured by high layer signalling 
· If Scheme 1 is configured, UE-A selects the set of preferred resource for UE-B’s transmission based on UE-A’s sensing results and this is indicated as RSAI.
· If Scheme 2 is configured, UE-A identifies the presence of non-preferred resource(s) (i.e., expected/potential resource conflict) indicated by UE-B’s SCI and this is indicated as RSAI.
· The identification of non-preferred resource(s) in Scheme 2 is used for Scheme 1
· 2nd SCI is used as a container carrying RSAI
For inter-UE coordination Scheme 1, resource pool information needs to be shared between UEs. For example, when UE-A determines a list of selected resource which is preferred UE-B’s transmission, the UE-A may not have information on TX pool(s) configured for UE-B. Thus, TX pool(s) configured for UE-B can be shared to UE-A or separate pool(s) used for inter-UE coordination can be configured between UEs. In addition, when UE-A performs sensing and resource selectionto determine RSAI, the traffic requirements and resource allocation information for UE-B’ transmission should be provided to UE-A. This kind of information exchange may fit for unicast scenario and by PC5-RRC. Therefore, we propose: 
Proposal 7: Scheme 1 is supported when a UE establishes sidelink unicast link with other UE and the following information should be shared between UEs
· Resource pool information used for inter-UE coordination
· The traffic requirements and resource allocation information for UE-B’ transmission
Furthermore, we can reuse Rel-16 NR sidelink mode2 procedure to determine RSAI for inter-UE coordination Scheme 1. Specifically, Rel-16 NR sidelink mode2 procedure includes 7 steps (See Section 8.1.4 of TS 38.214). Step 1 is defined to set resource selection window and to determine the total number of candidate single-slot resources. Unlike Rel-16 NR sidelink mode2 procedure, UE-A should set the start time of resource selection window considering the expected delay for inter-UE coordination. In addition, Step 3 is used to configure RSRP threshold and the RSRP threshold for inter-UE coordination can be configured independently with that of Rel-16 NR sidelink mode2 procedure. Lastly, Step 5 is defined to exclude resource(s) which is not monitored in Step 2 due to UE’s own transmission. However, the Step 5 assumes the worst case considering any periodicity value allowed for resource reservation period and this may not useful for RSAI generation. In this regard, Step 5 can be replaced to exclude the non-preferred resource(s) identified in Scheme 2.   
Proposal 8: For Scheme 1, reuse Rel-16 NR sidelink mode2 procedure and consider the following modifications:
· In Step 1) of Rel-16 NR sidelink mode2 procedure, the start time of resource selection window can be set considering the expected delay for inter-UE coordination
· In Step 3) of Rel-16 NR sidelink mode2 procedure), RSRP threshold for inter-UE coordination can be configured independently.
· Step 5) of Rel-16 NR sidelink mode2 procedure can be replaced by excluding the non-preferred resource(s) identified in Scheme 2
Other issues
In RAN1#104bis-e meeting [2], the following agreement was made for a UE receiving coordinating information (i.e., UE-B) as:
· 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
· 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
Assuming RSAI is “the preferred resource set” for inter-UE coordination Scheme 1 and “the presence of non-preferred resource(s)” for inter-UE coordination Scheme 2, UE-B’s behaviour would be different as described in the above agreement. For Scheme 1, we prefer Option 1-1 because this provide more flexibility for using RSAI. Also, it can be decided by UE-B how to use RSAI and own sensing result. Specifically, UE-B can use the intersection of preferred resources from UE-A(s) and available resources from own sensing. For Scheme 2, we support Option 2-1. HARQ feedback based retransmission was introduced in Rel-16 NR sidelink. Therefore, it is not sure how much gain is achieved by Option 2-2. Furthermore, Option 2-2 implies it may change legacy HARQ-based retransmission and introduce new conditions to trigger retransmission. In this regard, we propose:
Proposal 9: When UE-B receives RSAI from UE-A, support the followings:
· For Scheme 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 RSAI.
· UE-B can use the intersection of preferred resources from UE-A(s) and available resources from own sensing.
· For Scheme 2, UE-B can determine resource(s) to be re-selected based on RSAI
When UE-B is receiving preferred resources from multiple UE-As, UE-B can find the intersection of the preferred resources to be the available resources. If there are no or too little available resources, it would be beneficial for UE-B to receive additional resources (e.g. with a second preference level), and determine the available resources based on the intersection of the preferred resources and the additional resources from the UE-As. As an example, Figure 2 illustrates how UE-B finds the available resources within a resource selection window from preferred resources from UE-A1 and UE-A2.
Proposal 10: Study benefit of having preferred resources with different preference levels to enable UE-B to find sufficient preferred resources when receiving inter-UE co-ordination from multiple UE-As. 
· FFS details on preference level (e.g. based on SL RSRP).


[bookmark: _Ref79054460]Figure 2: Finding available resources in UE-B based on preferred resources from UE-A1 and UE-A2 with different preference levels.

Lastly, before using received RSAI in resource selection procedure, UE-B needs to check the validation of received RSAI at first in order to avoid using inaccurate RSAI and selecting TX resource with bad link quality. Considering that latency during generation and transmission procedure of RSAI may impact the accuracy of RSAI, at least latency should be one metric used for the validation check, e.g. only RSAI received by UE-B in a given time range before UE-B’s transmission is valid. Source ID of UE-A is another straightforward metric at least for scenario A, e.g. if UE-A is intended receiver(s) of UE-B’s given transmission, RSAI generated by UE-A is valid. Furthermore, distance between UE-A and UE-B and SL-RSRP for the received RSAI can also be considered to avoid using inaccurate RSAI when the RSAI is from distant UE-A or RSAI is received with very low SL-RSRP. 
After introducing validation check of RSAI, UE behaviour after reception of an invalid RSAI also needs to be discussed. If received RSAI from UE-A is determined as invalid, it should not be taken into account in resource selection procedure at UE-B side, and UE-B may select resource base on its own sensing result, if exist. In addition, UE-B can further trigger UE-A to generate and send new RSAI.
Proposal 11: For validation check of RSAI, consider the following metrics:
· Latency
· Source ID of UE-A
· Distance between UE-A and UE-B
· SL-RSRP of RSAI at UE-B
3 Conclusions
This contribution discusses about inter-UE coordination. Based on the discussion, the following proposals are provided:
Proposal 1: For inter-UE coordination, support Scenario A for determining UE-A.
· Scenario A: Only UE(s) among the intended receiver(s) of UE-B can be a UE-A
· Scenario B: Any UE can be a UE-A
Proposal 2: Inter-UE coordination is supported in unicast and groupcast.
Proposal 3: TX UE (i.e., UE-B) can receive RSAI from multiple coordinating UEs (i.e., UE-As) at least for groupcast.
Proposal 4: Being a coordinating UE (i.e., UE-A) in inter-UE coordination if at least the following conditions are met:
· when inter-UE coordination is enabled,
· when a UE has capability for providing RSAI 
· when a UE is not configured as power saving mode
· when a UE is requested as UE-A (i.e., receiving RSAI request from UE-B), 
· when a UE is within communication range from UE-B
· FFS: when a UE detects poor reception from UE-B 
Proposal 5: Being a UE receiving coordinating information (i.e., UE-B) in inter-UE coordination if at least the following conditions are met:
· when inter-UE coordination is enabled,
· when a UE requests RSAI to UE-A, 
· FFS: when a UE is configured as power saving mode
Proposal 6: Strive for common design for inter-UE coordination Scheme 1 and Scheme 2 by following principles
· Scheme 1 or Scheme 2 is used at a time for UE-A when RSAI is requested by UE-B or gNB
· Application between Scheme 1 and Scheme 2 is configured by high layer signalling 
· If Scheme 1 is configured, UE-A selects the set of preferred resource for UE-B’s transmission based on UE-A’s sensing results and this is indicated as RSAI.
· If Scheme 2 is configured, UE-A identifies the presence of non-preferred resource(s) (i.e., expected/potential resource conflict) indicated by UE-B’s SCI and this is indicated as RSAI.
· The identification of non-preferred resource(s) in Scheme 2 is used for Scheme 1
· 2nd SCI is used as a container carrying RSAI
Proposal 7: Scheme 1 is supported when a UE establishes sidelink unicast link with other UE and the following information should be shared between UEs
· Resource pool information used for inter-UE coordination
· The traffic requirements and resource allocation information for UE-B’ transmission
Proposal 8: For Scheme 1, reuse Rel-16 NR sidelink mode2 procedure and consider the following modifications:
· In Step 1) of Rel-16 NR sidelink mode2 procedure, the start time of resource selection window can be set considering the expected delay for inter-UE coordination
· In Step 3) of Rel-16 NR sidelink mode2 procedure), RSRP threshold for inter-UE coordination can be configured independently.
· Step 5) of Rel-16 NR sidelink mode2 procedure can be replaced by excluding the non-preferred resource(s) identified in Scheme 2
Proposal 9: When UE-B receives RSAI from UE-A, support the followings:
· For Scheme 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 RSAI.
· UE-B can use the intersection of preferred resources from UE-A(s) and available resources from own sensing.
· For Scheme 2, UE-B can determine resource(s) to be re-selected based on RSAI
Proposal 10: Study benefit of having preferred resources with different preference levels to enable UE-B to find sufficient preferred resources when receiving inter-UE co-ordination from multiple UE-As. 
· FFS details on preference level (e.g. based on SL RSRP).
Proposal 11: For validation check of RSAI, consider the following metrics:
· Latency
· Source ID of UE-A
· Distance between UE-A and UE-B
· SL-RSRP of RSAI at UE-B
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