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Introduction
In RAN1#90-e meeting [1], a revised WID for NR sidelink enhancement was approved and the objectives of the work Item includes:
	2. Resource allocation enhancement:
· Study the feasibility and benefit of solution(s) on the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution(s) if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after RAN#89.


In RAN1#104-b-e meeting, issues including the inter-UE coordination approaches, the definition and detailed information of “a set of resources”, how to determine UE-A and UE-B, and how does UE-B take the coordination information into account were discussed and large progress was made. 
During the last RAN1 meeting, several rounds of questions, including the preference of ”set of resources” in each inter-UE coordination scheme, how UE-B determines its transmission resources, conditions for UEs to be UE-A/B, and information used by UE-A to generate the coordination information, were asked and answered; however, no consensus was made regarding this sub-agenda. 
In this contribution, we continually provide our views on the inter-UE coordination enhancements for mode-2 resource allocation.
Targeting issues
[bookmark: _Hlk53492145]According to the Rel-16 WID on 5G V2X with NR sidelink, NR V2X aims to satisfy the advanced V2X services including vehicles platooning, extended sensors, advanced driving and remote driving. Some traffics, especially advanced driving/remote driving with high level of automation, requires lower latency, i.e. 3ms and higher reliability, i.e. 99.999%. However, Rel-16 NR sidelink is expected to have limitation in achieving the requried target in some conditions, i.e. when the channel is busy. So solutions that can enhance reliability and reduce latency are required. In previous RAN1 meetings, serveral problems have been identified such as hidden-node problem, half duplex problem, exposed-node problem and consecutive packet loss:
· [bookmark: _Hlk53494111]Hidden node problem: In V2X, the communication distance can be 2.5 times of the vehicle speed and thus could reach hundreds of meters scale. It would result that the experienced interference is different between the transmitter and the receiver, i.e. the interference from hidden nodes can not be detected by transmitter as described in Figure 1. If sidelink resource allocation is only based on the sensing results of the transmitting UE, the selected resource may not be suitable for receiving UE(s) and would lead to interference increasing and demodulation failure.
· Half duplex problem: As shown in Figure 2, UE-B is the targeted receiver of UE-A and UE-B transmitts sidelink data to UE-C as well. However, UE-A and UE-B may select overlapped transmission resources and in such a case, UE-B cannot receive the transmission from UE-A so transmission failure would be happen.
· Exposed node problem: Exposed node problem is observed when two transmitting UEs are within each other’s communication range while their intended receivers are far away from each other, as illustrated in Figure 3. So the transmitters exclude the reserved resources of each other via SCI decoding and RSRP comparison, which would not cause transmission collison, since the receivers are out of each other’s communication range. In such a case, over exclusion of candidate resources would happen leading to limited or highly interfered candidate resources for selection.
· [bookmark: _Hlk53492154]Consecutive packet loss: Consecutive packet loss is usually observed when at least two UEs with periodic traffic selects overlapped transmission resources, and due to the half duplex problem, UE can not monitor the SCI of the other UE and hence will not exclude the reserved resources. In such a case, the resource collision would occur periodically and the UEs can not identify the collision for a long period.
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Figure 1: Illustration of hidden node problem
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Figure 2: Illustration of half duplex problem
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Figure 3: Illustration of exposed node problem
As described in the WID, R17 will study the feasibility and benefit of the enhancement(s) in mode 2 for enhanced reliability and reduced latency such as inter-UE coordination. Therefore, it is proposed that the above problems should be carefully considered when desiging enhanced resource selection mechanism.
Proposal 1: RAN1 investigates the feasibility and benefit of the enhancement(s) in mode 2 with consideration of the following aspects:
· Hidden node problem
· Half duplex problem
· Exposed node problem
· [bookmark: _Hlk53494479]Consecutive packet loss
Inter-UE coordination schemes
In RAN1#104-b-e meeting, the following agreement was made, where the evaluated three types of ”a set of resources” were further categorized into two inter-UE coordination schemes:
	Agreement:
1. 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


As per the discussion in the RAN1#104b-e meeting, the two schemes will be supported, at least in the current stage. In the following, we mainly provide our views on Scheme 1, i.e., the coordination information is the set of resources referred and/or non-preferred for UE-B’s transmission. 
3.1 Determination of “a set of resources”
First of all, we believe that both the preferred and non-preferred set of resources should be supported in Scheme 1, which are applicable to different scenaios and targeting issues. The detials will be discussed in the following.
Observation 1: Both the preferred and non-preferred set of resources in Scheme 1 should be supported for differenet scenarios and target issues.
The set of resources non-preferred for UE-B’s transmission
[bookmark: _Hlk54086528][bookmark: _Hlk53498568][bookmark: _Hlk54086251]”A set of resources” can be resource set which is non-preferred for UE-B’s transmission, where the hidden nodes problem, half duplex problem, and the consecutive packet loss can be solved.
· Alt. NP-1: “A set of resources” can be other UE’s reserved resources based on UE-A’s sensing results. Since the R16 mode 2 resource allocation is only based on the sensing results of the Tx UE side, the selected resource may not be suitable for Rx UE(s) and would lead to interference increasing and demodulation failure, which is the hidden node issue as shown in Figure 1. To solve this issue, the UE-A can determine the ”set of resources” based on its sensing procedure, and then forward the sensing results to UE-B. The UE-B can take the coordination information into account when determining the resources for its transmission.
· Alt. NP-2: Alternatively, “a set of resources” can be one or more resources which UE-A reserves or will reserve for transmission. In such a case, UE-A determines the “set of resources” based on its resource selection procedure, and then indicates its reservations to UE-B which are not perferred for UE-B’s transmission. UE-B can exclude the UE-A’s reservation when determining the transmission resources, hence the half duplex issue and the consecutive packet loss can be addressed since UE-B would not use the problematic resources indicated by UE-A.
Proposal 2: For inter-UE coordination Scheme 1, support the following information to determine by UE-A the set of resources non-preferred for UE-B’s transmission:
· Other UEs’ reserved resources based on UE-A’s sensing result
· UE-A’s NR SL resources selected for its transmission(s) of TB(s)
The set of resources preferred for UE-B’s transmission
[bookmark: _Hlk53499042]”A set of resources”can be resource set which is preferred for UE-B’s transmission, and is applicable to both distributed resource allocation (i.e., both UE-B and UE-A perform sensing) and centralized resource allocaiton (i.e., only UE-A performs sensing).
· Alt. P-1: For the case when both UE-B and UE-A perform sensing:
· To solve the exposed node problem: The exposed node problem can be addressed with the “set of resources” is preferred for UE-B’s transsmision. As shown in Figure 3, transmitter 1 and transmitter 2 are within each other’s communication range while their intended receivers are far away from each other. When the transmitter 1 determines its candidate resources for transmission (to receiver 1), the reserved resoures by transmitter 2 (to receiver 2) that may not cause transmission collison to the transmiter 1 will be over excluded, which would lead to limited or highly interfered candidate resources for selection. In this scenario, UE-A is the intended receiver of UE-B, UE-A performs sensing and resource exclusion procedure (which can be based on the transmission parameters informed by UE-B) and sends the preferred set of resources to UE-B. From UE-B’s perspective, it determines its transmission resources based on both its own sensing results and the preferred set of resources indicated by UE-A. To be specific, for resources that preferred by UE-A but excluded from UE-B’s resource selection procedure, which would be over exclusion resources caused by the exposed node issue, and UE-B can use them for transmission.
· Comparison of preferred and non-preferred set of resources to solve other targeting issues: Some companies proposed that UE-A sends recommanded resources for UE-B’s transmission to solve hidden nodes problem, the set of resources are determined by UE-A via sensing and some initial resource selection. And the recommended resouces are prioritized when transmitter determine the subset of resources to be reprorted to higher layers. However, in NR V2X mode-2 resource selection, the resource pool to be used, subchannel number, priority information and the remaining packet delay budget for the transmission is given by higher layer of the transmitter and is essential for the following resource selection procedure. The above information is unknown to receiver and transmit it to receiver would lead to large overhead and extra signalling definition. Moreover, this may result in reform of R16 resource selection framework since that the resource selection is done from both transmitter and receiver side and criteria for resource exclusion may differ a lot between transmitter and receiver, this goes against our design principles. Other companies proposed that UE-A sends recommanded resources for UE-B’s transmission to solve half duplex problem as well as the consecutive packet loss, i.e. ”a set of resource” is resources that would not be used by UE-A or other transmitters. However, from our perspective, the resources to be used by UE-A or other transmitters would be a much smaller set than the resources not to be used, hence signalling resources to be used may need less overhead and cost effective. Therefore, it is preferred that the half duplex problem and consecutive packet loss is addressed using ”a set of resources” that is non-preferred for UE-B’s transmission.
Observaiton 2: For the case when both UE-B and UE-A perform sensing, ”a set of resources” can be resource set which is preferred for UE-B’s transmission to address exposed-node problem. 
· Alt. P-2: For the case when only UE-A performs sensing, the UE-A acts as the scheduler of other UEs, and the UE-B can directly use the preferred resources indicated by the UE-A. In such a case, the system reliablity as well as the power consumption of the UE-B can be guaranteed.
Proposal 3: For inter-UE coordination Scheme 1, support the following information to determine by UE-A the set of resources preferred for UE-B’s transmission:
· UE-A’s NR SL resources selected for its transmission(s) of TB(s)
· Resource set selected by UE-A for other UE-Bs’ transmissions
3.2 Determination of UE-A and UE-B
In the previous meeting, the issue on how to determine UE-A and UE-B was intensively discussed and was agreed as follows:
	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


As described in the above sub-section, the determination for UEs to be UE-A and/or UE-B is dependent on different definitions of ”a set of resources” and different targeting scenrios/issues. 
For the ”set of resources” non-preferred for UE-B’s transmission:
· Alt NP-1: In such a case, to solve the hidden node problem, the UE-A is the intended receiver of UE-B. UE-A determines the ”set of resources” non preferred for UE-B’s transmission based on its own sensing, which assists the UE-B (i.e, Tx UE) to exclude the high interferene resources at the Rx UE (i.e., UE-A) side;
· Alt NP-2: In such a case, to solve the half duplex issue and the consecutive packet loss, the UE-A can be any UEs. UE-A performs resource selection procedure for its own transmission and indicates its reservations to UE-B, and UE-B can further exclude the UE-A’s selected resources to avoid potential conflict.
For the ”set of reserouces” preferred for UE-B’s transmission:
· Alt P-1: In such a case, to solve the exposed node issue, UE-A is the intended receiver of UE-B. 
· Alt P-2: In such a case, UE-A is the header/scheduler of the other UEs, and UE-A can be configured by higher layer.
Proposal 4: Support the following cases for determining UE-A and UE-B:
· For the “set of resources” non-preferred for UE-B’s transmission:
· To solve the hidden node issue, UE-A is the intended receiver of UE-B;
· To solve the half duplex issue and consecutive packet loss, UE-A can be any UEs;
· For the “set of resources” preferred for UE-B’s transmission:
· When both UE-A and UE-B sense, UE-A is the intended receiver of UE-B to solve the exposed node issue;
· When only UE-A senses, UE-A is configured by higher layer.
3.3 How UE-B takes “a set of resources” into account
[bookmark: _GoBack]The following agreement was reached during the RAN1#104b-e meeting regarding how UE-B considers the coordination information sent by UE-A in the resource (re)-selection for its own transmission:
	Agreement:
1. 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


For inter-UE coordination Scheme 1, Options 1-1/2/3 can be supported based on the type of resource set, and the availability of UE‑B’s sensing results. In our views, Option 1-1 and Option 1-3 are for UE-Bs with available sensing results, while Option 1-2 is for UE-Bs without available sensing results. During the discussion, some companies argued that no technical justificaion is seen for supporting Option 1-2 for Scheme 1. As discussed in the above contents, we believe that having a centrailized resource allocation case is valid for enhancing the system reliability and saving the power consumption of UE-Bs, e.g., in some practical use cases such as smart home and platoning, where a UE-A is the scheduler for the other UE-Bs and only UE-A senses and allocates preferred set of resources for UE-B’s transmission. In such a case, since no sensing results is available at UE-B, and the UE-B’s resource(s) to be used for its transmission resource should based only on the received coordination information. For cases where both UE-A and UE-B perform sensing, and UE-B has available sensing resulst, Option 1-1 and Option 1-3 can be supported. The difference between these two options are on the content of the coordination information (e.g., non-preferred resource) and reception timing of the coordination information. 
Proposal 5: When UE-B receives the inter-UE coordination information from UE-A, support the following options for inter-UE coordination 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
3.4 When UE-A transmits “a set of resources”
[bookmark: _Hlk53501428]For the condition when UE-A sends ”a set of resources” to UE-B, both triggered by UE-A and UE-B should be considered. When continuous NACK is detected by UE-B, it would know the currrent resource is problematic and may trigger UE-A to send ”a set of resources” to assist its resource selection. The details of signalling of triggering the procedure needs to be further discussed. On the other hand, UE-A may identify highly interfered resource or hidden nodes which can not detected by UE-B, so UE-A itself can send ”a set of resources” based on a pre-defined or (pre)configured condition, i.e. the RSRP measurement performed for the received SCI format is higher than a threshold, the distance between UE-A and other UE is smaller than a threshold as well as the distance between UE-B and other UE is higher than a threshold.
Proposal 6: For the condition when UE-A sends “a set of resources” to UE-B, the followings can be considered:
· Option 1: Based on signaling of triggering or requesting
· Option 2: Based on a pre-defined or (pre)configured triggering condition(s)
Proposal 7: For pre-defined or (pre)configured triggering condition(s), the followings can be considered:
· The RSRP measurement performed for the received SCI format is higher than a threshold
· The distance between UE-A and other UE is smaller than a threshold as well as the distance between UE-B and other UE is higher than a threshold
3.5 The container of “a set of resources”
[bookmark: _Hlk53498857]For the signalling of ”a set of resources”, we think physical layer signalling is preferred considering the latency perspective. Specifically, both extending 1st stage SCI or new 2nd stage SCI format can be considered. 
In Alt NP-1, the resources reserved by hidden nodes needs to be forwarded to UE-B; In Alt NP-2, UE-A’s own resource reservation is transmitted to UE-B. Therefore, the existing fields in 1st stage SCI, i.e. ”Frequency resource assignment”, ”Time resource assignment” ,”resource reservation period” and ”priority”, which are mainly designed for resource reservation indication, can be easily reused or modifed to carry the information of ”a set of resources”. From the perspective of UE-A, especially when it is the intended receiver of UE-B, it would not touch the resource selection framework since only forwarding the resource reservation is required. UE-A does not need to perform resource exclusion which is done at the transmitter side. For transmitter side, only some minor update to resource exclusion procedure is needed, i.e. the forwarded resources are excluded with higher priority or RSRP threshold can be seperately configured for the ”set of resources”, hence minimum spec impact is expected.
Alternatively, new 2nd stage SCI format can also be considered as the container for carrying ”a set of resources” since there are two codepoint reserved in the ”2nd stage SCI format” field. This may need more specification work since a new SCI format would be defined, however, it would be beneficial for coexisting Rel-17 sidelink and Rel-16 sidelink in the same resource pool.
Proposal 8: For the container carrying “a set of resources”, extending 1st stage SCI or new 2nd stage SCI format can be further studied.
[bookmark: _Ref31533076]Conclusions
In this contribution, we provide our views on enhancements for mode-2 resource allocation, and the following observations and proposals are made:
Observation 1: Both the preferred and non-preferred set of resources in Scheme 1 should be supported for differenet scenarios and target issues.
Observaiton 2: For the case when both UE-B and UE-A perform sensing, ”a set of resources” can be resource set which is preferred for UE-B’s transmission to address exposed-node problem.
Proposal 1: RAN1 investigates the feasibility and benefit of the enhancement(s) in mode 2 with consideration of the following aspects:
· Hidden node problem
· Half duplex problem
· Exposed node problem
· Consecutive packet loss
Proposal 2: For inter-UE coordination Scheme 1, support the following information to determine by UE-A the set of resources non-preferred for UE-B’s transmission:
· Other UEs’ reserved resources based on UE-A’s sensing result
· UE-A’s NR SL resources selected for its transmission(s) of TB(s)
Proposal 3: For inter-UE coordination Scheme 1, support the following information to determine by UE-A the set of resources preferred for UE-B’s transmission:
· UE-A’s NR SL resources selected for its transmission(s) of TB(s)
· Resource set selected by UE-A for other UE-Bs’ transmissions
Proposal 4: Support the following cases for determining UE-A and UE-B:
· For the “set of resources” non-preferred for UE-B’s transmission:
· To solve the hidden node issue, UE-A is the intended receiver of UE-B;
· To solve the half duplex issue and consecutive packet loss, UE-A can be any UEs;
· For the “set of resources” preferred for UE-B’s transmission:
· When both UE-A and UE-B sense, UE-A is the intended receiver of UE-B to solve the exposed node issue;
· When only UE-A senses, UE-A is configured by higher layer.
Proposal 5: When UE-B receives the inter-UE coordination information from UE-A, support the following options for inter-UE coordination 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
Proposal 6: For the condition when UE-A sends “a set of resources” to UE-B, the followings can be considered:
· Option 1: Based on signaling of triggering or requesting
· Option 2: Based on a pre-defined or (pre)configured triggering condition(s)
Proposal 7: For pre-defined or (pre)configured triggering condition(s), the followings can be considered:
· The RSRP measurement performed for the received SCI format is higher than a threshold
· The distance between UE-A and other UE is smaller than a threshold as well as the distance between UE-B and other UE is higher than a threshold
Proposal 8: For the container carrying “a set of resources”, extending 1st stage SCI or new 2nd stage SCI format can be further studied.
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