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1.	Introduction
In Rel-17, RAN2 decided to enhance NR sidelink for V2X. According to the WID [1], the specific objectives are below
	1. Sidelink evaluation methodology update: Define evaluation assumption and performance metric for power saving by reusing TR 36.843 and/or TR 38.840 (to be completed by RAN#89) [RAN1]
· Note: TR 37.885 is reused for the other evaluation assumption and performance metric. Vehicle dropping model B and antenna option 2 shall be a more realistic baseline for highway and urban grid scenarios. 
2. Resource allocation enhancement:
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· Study the feasibility and benefit of 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 if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#90.
· 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 study scope after RAN#90 is to be decided in RAN#90.
· 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].
3. Sidelink DRX for broadcast, groupcast, and unicast [RAN2]
· Define on- and off-durations in sidelink and specify the corresponding UE procedure
· Specify mechanism aiming to align sidelink DRX wake-up time among the UEs communicating with each other
· Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE
4. Support of new sidelink frequency bands for single-carrier operations [RAN4]
· Support of new sidelink frequency bands should ensure coexistence between sidelink and Uu interface in the same and adjacent channels in licensed spectrum.
· The exact frequency bands are to be determined based on company input during the WI, considering both licensed and ITS-dedicated spectrum in both FR1 and FR2.
5. Define mechanism to ensure sidelink operation can be confined to a predetermined geographic area(s) for a given frequency range within non-ITS bands [RAN2].
· This applies areas where there is no network coverage.
6. UE Tx and Rx RF requirement for the new features introduced in this WI [RAN4]
7. UE RRM core requirement for the new features introduced in this WI [RAN4]



In this contribution, we investigate various technical issues and suggest promising solutions for inter-UE coordination in NR V2X. 
2.	Discussion
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Figure 1. Overall inter-UE coordination procedure
In this contribution, performing inter-UE coordination describes that UE-A initiates transmitting a set of resource (i.e., candidate and/or avoidance resource) and execution criteria and then UE-B take into account (i.e. inclusion/avoidance) its transmission resource based on the received the set of resource.

2.1 Definition for a set of resource
According to the WID [1], transmission and reception for a set of resources is needed to perform an inter-UE coordination procedure. In specific, a set of resources is determined at mode 2 UE-A and it would be delivered to mode 2 UE-B. Based on the assisted information, the UE-B takes this into account in the resource selection for its own transmission. First of all, RAN2 should define what is determined as a set of resources for inter-UE coordination. 

From our view, we can define two types of a set of resources determined by UE-A. The first type is an avoidance resource which is considered not to be selected by other UEs (e.g., UE-B or UE-C). The avoidance resource would be a transmitting resource which is selected by UE-A. This resource would include all transmission related resource for UE-B as well as other UEs (e.g., groupcast/broadcast). This avoidance resource should not be selected by other UE’s transmission since UE-A could not receive sidelink during performing transmission on the selected resource due to half-duplex problem. The second type of resource is a candidate resource which is recommended to be selected by other UEs. The UE-A is able to estimate and recommend (a part of) resource based on a result of sensing on the monitoring resources. This recommended resource would be the high quality of resources considering the UE-A’s reception perspective. Once the UE-A transmits the candidate resource, it will be waiting to receive sidelink data on the candidate resource.
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Figure 2. Expected UE behaviour during inter-UE coordination procedure

Observation 1: A set of resource would be defined as a candidate resource which is recommended to be selected by other UE.
Observation 2: A set of resources would be defined as an avoidance resource which is considered not to be selected by other UE.
Proposal 1. RAN2 should define a set of resources for inter-UE coordination while determined by transmitting UE.
We need to consider which type of UE is allowed to perform inter-UE coordination procedure. In our view, every UE (e.g., V-UE, P-UE, UE-type RSU) is allowed to transmit a set of resource for other UEs. Also, we would like to investigate which resource selection by UE-A is feasible to perform inter-UE coordination procedure. If UE-A is performing (partial) sensing procedure for its transmission, candidate resources can be estimated. Also, avoidance resource will be determined after transmission resource is selected. As a result, UE-A can transmit either an avoidance or a candidate resource or both of them. However, if a random selection is performed by UE-A, only avoidance resource would be transmitted due to absence of sensing measurement. Given that if a UE-A (i.e. P-UE) is allowed to perform either random selection or partial sensing (while inter-UE coordination is needed), it would be beneficial that the UE will perform partial sensing and may transmit avoidance resource as well as candidate resources to improve reception performance.

Proposal 2. For inter-UE coordination, RAN2 needs to clarify which UE-type (e.g., V-UE, P-UE, UE-type RSU) is allowed to perform inter-UE coronation procedure. 

2.2 Container
In this section, we would like to discuss which container is suitable for delivering the set of resources. First of all, we can consider based on layer-1 signalling. For L1 signalling, SCI can be considered. But we need to check the feasibility with RAN1 group. Also based on the MAC CE or PC-5 RRC message could be considered as the container. In our view, transmitting with PC5-RRC message is not suitable because transmission or reception with PC-5 RRC message is only supported on unicast. According to [2], we think that a set of resources transmitted on MAC CE could be a suitable option for supporting all transmission modes. Moreover, we need to check the large message size for inter-UE coordination and this large message can be contained in MAC CE.
Proposal 3. RAN2 needs to study whether MAC CE is feasible or not considering the possibility of the large message size or cast type for inter-UE coordination.

2.3 Triggering condition
In this section, we would like to investigate when the UE-A performs inter-UE coordination procedure. In our view, many scenarios can be considered to trigger inter-UE coordination. Firstly, UE-A is required to deliver high priority packet or high priority service initiated by UE-A, inter-UE coordination would be triggered to improve reception performance. For instance, when the UE-A detects a high interference level or a high CBR level on the monitoring resource.
Observation 3: Inter UE coordination procedure can be triggered when high priority service is required
Observation 4: Inter-UE coordination procedure can be triggered when the UE-A desire to improve reception performance.
Proposal 4. RAN2 should consider and define various triggering conditions of the inter-UE coordination procedure.

2.4 Validity evaluation
When the UE-A transmits a candidate resource for inter-UE coordination, a re-evaluation operation should be performed by UE-B. The candidate resource would be considered to a suitable resource from a perspective of the UE-A. However, from a UE-B’s view, the received candidate resource would not be suitable for its transmission because sensing results on the resource pool would be different between UE-A and UE-B due to each mobility or channel condition. 
RAN2 should consider how the UE-B re-evaluates the received candidate resource before performing transmission to the UE-A. For instance, upon receiving the candidate resource, a timer for validity check is needed. Once the timer is expired, the UE-B may discard the received candidate resource since it would be not valid anymore. Also, if the validity area for system information is changed, the UE-B may discard the received candidate resource when the updated pool configuration is not identical. If an RLF has occurred between UEs, candidate resources should be discarded. Moreover, upon reception of a set of resource, if UE-B is currently transmitting with configured sidelink grant, we should consider when the UE-B consider the received candidate resource for its transmission.
Observation 5: Since the UE-B may have different sensing results compared to the UE-A, UE-B should re-evaluate upon reception of the candidate resource from UE-A.
Proposal 5. Upon receiving a set of resources, receiving UE should re-evaluate the validity whether discard or not before determines its transmission resource.

2.5 DRX configuration
Once the UE-A transmits the candidate resource, the UE-A will be expected to receive sidelink data from other UEs on the candidate resource. In Rel-17 sidelink enhancement, NR V2X UE can support sidelink DRX operation. Hence, RAN2 should consider how to handle inter-UE coordination procedure while UEs are performing the DRX operation. From UE-A’s perspective, a critical issue is raised that if the candidate resource is selected, but UE-A would be staying in a period of inactivity during the reception of the candidate resource based on the configured UE-A’s DRX cycle. To resolve this issue, the UE-A ensures to extend on-duration time for sidelink data reception or the UE-A will wake up without DRX operation to receive sidelink data.
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Figure 3. An example of candidate resources not selected by UE-A within on duration.
From UE-B’s perspective, also a critical issue is raised that if the received candidate resource is selected in a period of inactivity based on the configured UE-B’s DRX cycle, the UE-B cannot measure and estimate whether the received candidate resource is valid or not since the UE does not have any sensing results on that resource. To resolve this issue, the UE-B needs to extend on-duration or needs to wakes up for getting sensing results on the received candidate resource.
Observation 6: In Rel-17 V2X UE can support DRX operation.
Proposal 6. While a UE is performing sidelink DRX operation, RAN2 should define a behaviour when a candidate resource would be determined in a period of inactivity.

2.6 Retransmission
After the UE-A transmit the set of resource (e.g. candidate resource or avoidance resource), retransmission for inter-UE coordination should be considered. First of all, resource reselection triggering should be considered. Assuming that, resource reselection may be triggered upon transmitting the set of resources. If the resource reselection is triggered by UE-A, it is straightforward to perform the retransmission since the previously transmitted set of resources would be changed. Also, RAN2 can consider whether feedback operation is needed while performing the inter-UE coordination procedure. In our view, if UE-A transmits an avoidance resource, receiving ACK feedback from UE-B is needed because the UE-A can determine whether to perform retransmission or not. Moreover, an SL-RLF declaration is considered by UE-A when a number of consecutive DTX is reached.
Proposal 7. RAN2 should consider retransmission for the set of resources while performing the inter-UE coordination procedure
To improve the efficiency inter-UE coordination procedure, we should consider skipping (re)transmission for a set of resources to other UEs. When (re)transmission for inter-UE coordination is triggered, the UE-A is allowed to skip the transmission when the newly selected or reselected set of resources is identical to the previous transmission. The UE-A transmit only when the newly selected or reselected set of resources are different from the previous transmission. With skipping transmission, ensure to increase the probability to receive sidelink data considering half-duplex. Moreover, it can decrease the interference level.
Proposal 8. To improve the efficiency of inter-UE coordination, RAN2 should consider skipping (re)transmission for a set of resources to other UEs.

2.7 Others
RAN2 should consider whether UEs performs inter-UE coordination procedure while the UE is in an exceptional conditions or out-of-coverage. In our view, there is no reason or no limitation under those conditions. When UEs are under exceptional conditions or out of coverage, it would be beneficial to transmit an avoidance resource for mitigating half-duplex problem. Hence, we think it would be beneficial to support performing the inter-UE coordination procedure.
Proposal 9. UE needs to be allowed to transmit a set of resources while a UE is in exceptional condition or out-of-coverage.
3.	Conclusion
In this contribution, we provide proposals for inter-UE coordination procedure
Observation 1: A set of resource would be defined as a candidate resource which is recommended to be selected by other UE.
Observation 2: A set of resources would be defined as an avoidance resource which is considered not to be selected by other UE.
Observation 3: Inter UE coordination procedure can be triggered when high priority service is required
Observation 4: Inter-UE coordination procedure can be triggered when the UE-A desire to improve reception performance.
Observation 5: Since the UE-B may have different sensing results compared to the UE-A, UE-B should re-evaluate upon reception of the candidate resource from UE-A.
Observation 6: In Rel-17 V2X UE can support DRX operation.
Proposal 1. RAN2 should define a set of resources for inter-UE coordination while determined by transmitting UE.
Proposal 2. For inter-UE coordination, RAN2 needs to clarify which UE-type (e.g., V-UE, P-UE, UE-type RSU) is allowed to perform inter-UE coronation procedure. 
Proposal 3. RAN2 needs to study whether MAC CE is feasible or not considering the possibility of the large message size or cast type for inter-UE coordination.
Proposal 4. RAN2 should consider and define various triggering conditions of the inter-UE coordination procedure.
Proposal 5. Upon receiving a set of resources, receiving UE should re-evaluate the validity whether discard or not before determines its transmission resource.
Proposal 6. While a UE is performing sidelink DRX operation, RAN2 should define a behaviour when a candidate resource would be determined in a period of inactivity.
Proposal 7. RAN2 should consider retransmission for the set of resources while performing the inter-UE coordination procedure
Proposal 8. To improve the efficiency of inter-UE coordination, RAN2 should consider skipping (re)transmission for a set of resources to other UEs.
Proposal 9. UE needs to be allowed to transmit a set of resources while a UE is in exceptional condition or out-of-coverage.
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