3GPP TSG RAN WG1 #106		R1-2107164
e-Meeting, August 16th – 27th, 2021

Agenda Item:	8.11.1.2
Source:	Lenovo, Motorola Mobility
Title:	Discussion on inter-UE coordination for Mode 2 enhancements
Document for:	Discussion

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#90e, an updated WI has been approved for supporting NR Sidelink general enhancement in NR Rel. 17 with following objectives on reliability enhancement and latency reduction as captured in RP-202846[1]:
	· 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.



RAN1 has reached the following agreements in RAN1#104b-e meeting on inter-UE coordination.
	Agreement:
· 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
Agreement:
· 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



In this contribution we provide our views on different types of inter-UE coordination.
_____________________________________________________________________________
Sidelink operation for Reliability improvement   
Inter-UE coordination Scheme 1
For inter-UE coordination scheme 1 UE-A sends to UE-B the set of resources preferred or not preferred for UE-B’s transmissions respectively. According to the current agreements UE-A determines the set of resources at least based on its sensing results. In Rel-16 sidelink the UE performs sensing and resource selection at least based on following parameters provided by higher layer:
-	the resource pool from which the resources are to be reported;
-	L1 priority, ;
-	the remaining packet delay budget;
-	the number of sub-channels to be used for the PSSCH/PSCCH transmission in a slot, ;
-	optionally, the resource reservation interval, , in units of msec. 
UE-A determines the set of resources preferred or not preferred for UE-B’s transmission, and it has no knowledge on the traffic of UE-B’s transmission, e.g., the priority and number of sub-channels of UE-B’s transmission, so UE-B may need to provide these information to UE-A if inter-UE coordination scheme 1 is triggered. When inter-UE coordination message is triggered according to a corresponding resource selection trigger then a set of resource is requested for that resource pool, since the selection of resource pool is already performed at the higher layer, transmission of resource pool index is not explicitly necessary. While UE-A determines a set of resource in a resource pool in which the trigger is received. There could be another situation where higher layer perform resource pool selection based on the reception of a set of resource and in that case, the explicit signaling of resource pool index is necessary.  
Proposal 1: UE-A determines the set of resources at least based on its sensing result, and parameters associated with the sensing procedure of UE-A may be received from UE-B, e.g.,
· L1 priority of UE-B’s transmission
· the number of sub-channels to be used for UE’s transmission
· number of candidate resources to be reported
· selection window duration i.e., latency 
· Resource pool index, if needed 

On which UE triggers inter-UE coordination scheme 1 two schemes can be considered as follows:
· Inter-UE coordination scheme 1 is triggered by UE-A.
If UE-A is the reception UE of UE-B’s transmission, it may detect the SCI successfully while fail to decode the PSSCH, then UE-A may trigger the procedure of inter-UE coordination scheme 1. UE-A may determine the set of resources based on its sensing result, and the parameters associated with its sensing procedure, e.g., L1 priority and the number of sub-channels to be used for UE-B’s transmission can be acquired from its received SCI.
· Inter-UE coordination scheme 1 is triggered by UE-B
Inter-UE coordination scheme 1 may be also triggered by UE-B, e.g., UE-B may trigger inter-UE coordination scheme 1 if it hasn’t received HARQ-ACK feedback(s) or receives consecutive NACKs. For inter-UE coordination scheme 1 triggered by UE-B the general procedure as shown in the Figure 1 can be considered. UE-B firstly sends the coordination information to UE-A, and the coordination information may contain the parameters associated with the sensing procedure of UE-A.
[image: ]
Figure 1. General procedure for inter-UE coordination scheme 1 triggered by UE-B
Proposal 2: Inter-UE coordination scheme 1 can be triggered by UE-B, down selection between the SCI or MAC CE based triggering mechanism may be studied considering latency.
Proposal 3: Inter-UE coordination scheme 1 can be triggered by UE-A if UE-A is the reception UE of UE-B’s transmission.
Proposal 4: Transmission of Inter-UE coordination message based on scheme 1/scheme 2 can be based on ‘consecutive NACKs’ and the maximum number of consecutive NACKs for triggering may be (pre)-configured.

The input parameter to the sensing and resource selection procedure indicate reporting type where the reporting type can be inter-coordination scheme 1 with preferred or non-preferred resource set , so that the sensing/resource selection may be generated accordingly for preferred or non-preferred resource set. Reporting a set of resource from PHY to MAC considering preferred or non-preferred resource set and corresponding RSRP threshold for resource selection requires changes according to the reporting type. While signaling set of resource to UE-B, UE-A can avoid half duplex transmission by excluding time resource that is used for its transmission to a destination (UE-B) otherwise input to the candidate resource exclusion may contain destination id to exclude candidate time resource scheduled for UE-B from the past sensing results. 
According to the WID after receiving the set of resource UE-B should take this into account in the resource selection for its own transmission. One situation is that UE-B may perform resource selection based on the set of resources, in this case the set of resources should be fully or partially within the resource selection window of UE-B. So the coordination on the resource selection window of UE-B or the window of the set of resources between UE-A and UE-B is needed.
Proposal 5: Inter-UE coordination scheme 1 the coordination on the resource selection window of UE-B or the window of the set of resources between UE-A and UE-B is needed.
According to discussions in RAN1 meeting inter-UE coordination scheme 1 can be applied to both aperiodic and periodic traffics.  For periodic traffic UE-A sends multiple set of resources to UE-B for each period of UE-B’s transmission as shown in Figure 2.
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Figure 2. Inter-UE coordination scheme 1 for periodic traffic
For inter-UE coordination scheme 1 with preferred resources for UE-B’s transmission, the set of resources are determined at least based on the sensing result of UE-A, the resource exclusion procedure should be the same as defined in Rel-16 sidelink. After resource exclusion procedure UE-A obtains set  , the resources in set  are the resources which are not reserved by other UEs. If UE-A is the reception UE of UE-B’s transmission we think the resources in set   may be not all suitable for UE-B’s transmission, other resource exclusion conditions should be also considered. If UE-A is the reception UE of UE-B’s transmission, it may perform sidelink transmission in some slots, e.g., perform sidelink transmission based on its sensing if UE-A works in Mode 2 or perform sidelink transmission on the resources scheduled by gNB if UE-A works in Mode 1, so UE-A should further exclude the resources from  set   even these resources are not reserved by other UEs.
For inter-UE coordination scheme 1 with non-preferred resources for UE-B’s transmission, the determination of the set of resources not preferred for UE-B’s transmission can be similar as inter-UE coordination scheme 1 with preferred resources for UE-B’s transmission. The set of resources not preferred for UE-B’s transmission may include the resources reserved by other UEs, and further include the resources on which UE-A will perform sidelink transmission if UE-A is the reception UE of UE-B’s transmission.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 6: Study the changes in the sensing procedure for inter-coordination scheme 1.
Proposal 7: For inter-UE coordination scheme 1 with preferred resources for UE-B’s transmission UE-A determines the set of resources preferred for UE-B’s transmission as followed:
· The resources are in set  as defined in Rel-16 sidelink
· If UE-A is the reception UE of UE-B’s transmissions, it should further exclude the resources on which UE-A will perform sidelink transmission including sidelink transmission based on UE-A’s sensing and scheduled by gNB.
Proposal 8: For inter-UE coordination scheme 1 with non-preferred resources for UE-B’s transmission UE-A determines the set of resources not preferred for UE-B’s transmission as followed:
· The resources which are not in set  as defined in Rel-16 sidelink 
· If UE-A is the reception UE of UE-B’s transmissions, it should further include the resources on which UE-A will perform sidelink transmission including sidelink transmission based on UE-A’s sensing and scheduled by gNB.

For inter-UE coordination scheme 1 UE-A sends the set of resources to UE-B, the container for carrying the set of resources should be discussed/specified. The set of resources may be transmitted in PC5-RRC signaling, MAC-CE or SCI.  For PC5-RRC signaling the processing delay may be a problem for inter-UE coordination. MAC CE signaling can be studied like CSI reporting. Besides MAC CE L1 container can be also considered to transmit the set of resources. Currently there are two stages of SCI defined in Rel-16 sidelink, if the set of resources is transmitted in the 1st -stage SCI, two schemes may be considered: new format of 1st-stage SCI or using the reserved bits in current 1st-stage SCI. Considering the backward compatibility new format of 1st-stage SCI may be not suitable. Using the reserved bits in current 1st -stage SCI may be also not suitable due to the less reserved bits in current 1st-stage SCI. So we think new 2nd -stage SCI is required to transmit the set of resource for Type A/B inter-UE coordination.
Proposal 9: Down-select between L1/L2 container for the inter-UE coordination scheme 1 
· based on the latency required for signaling the inter-UE coordination message 
· specification impact for L1/L2 container 

UE-B may have multiple sidelink sessions toward to different intended receivers. The resource set determined/transmitted by UE-A may be only suitable for a certain intended receiver of UE-B’s transmission, so the coordination on the intended receiver between UE-A and UE-B is necessary, e.g., UE-A may indicate one intended receiver to UE-B and UE-B determines and transmits the resource set to UE-B based on the indicated intended receiver.
Proposal 10: Coordination on the intended receiver(s) of UE-B’s transmission between UE-A and UE-B should be studied.
According to the WID after receiving the set of resource UE-B should take this into account in the resource selection for its own transmission. For inter-UE coordination scheme 1 with preferred resources for UE-B’s transmission UE-B should perform resource selection from the intersection of resource set received from UE-A and the resource set determined by its own sensing. For inter-UE coordination scheme 1 with non-preferred resources for UE-B’s transmission UE-B may determine candidate resources based on its sensing, and then UE-B may further exclude the resources in the set of resources received from UE-A. For inter-UE coordination scheme 1 with preferred resources for UE-B’s transmission after receiving the set of resources UE-B may also trigger resource reselection or drop the selected resources if they are within the set of resources.
Proposal 11: For inter-UE coordination scheme 1 with preferred resources for UE-B’s transmission UE-B should perform resource selection from the intersection resource set between “the set of resources” and candidate resources based on UE-B’s sensing.
Proposal 12: For inter-UE coordination scheme 1 with non-preferred resources for UE-B’s transmission UE-B may exclude the resources in the “set of resource” from its candidate resources, or trigger resource reselection/drop the transmission if the selected resource is within the “set of resources”.

Half duplex avoidance using inter-UE coordination scheme 1 shall be configured according to the priority of the traffic and for example, a separate SL priority threshold can be defined and for the case where the priority of the TB is above SL priority threshold then perform inter-UE coordination scheme 1. 
Proposal 13: Inter-UE coordination scheme 1 can be enabled based on the priority of the data transmission

Inter-UE coordination Scheme 2
Inter-UE coordination scheme 2 is defined as “UE-A sends to UE-B the set of resources where the resource conflict is detected”. One scenario is that UE-A may detect that the reserved resources from two UEs are conflict as shown in the followed figure.
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Figure 3. Reserved resource conflict
As shown in the figure UE0 and UE1 may reserve one resource respectively for its retransmission. However the reserved resources may be conflicted due to the processing delay, e.g., SCI decoding/sensing delay and/or resource selection delay. According to the discussions in RAN 1 meeting UE-A may detect the reserved resources conflict, then UE-A will send a resource conflict indicator to indicate this situation. For inter-UE coordination scheme 2 some issues should be further discussed/specified:
· How to define the resource conflict?
· How to transmit the resource conflict indicator?
On the conditions of reserved resource conflict we think the conditions can be similar as the pre-emption checking conditions. Pre-emption checking conditions in Rel-16 sidelink are defined as: a) full or partial overlapped resource; b)the measured RSRP of the detected UE is higher than a RSRP threshold; c) the priority of sensing UE is lower than the priority of the detected UE. 
As an example, implementation of the pre-collision indication on a reserved resource signaled in the SCI, a separate PSFCH feedback resource can provide conflict indication to TX UE by their corresponding group member UE(s).
Reserved resource conflict may be caused by the processing delay, so if UE-A detects two SCIs with the time gap larger than the processing delay it may not trigger resource conflict indicator transmission even if the reserved resources are overlapped, because as defined in Rel-16 sidelink re-evaluation and  pre-emption checking will be performed before the transmission. If the time gap of SCIs from UE0 and UE1 is larger than the processing delay, it is expected that UE0 and UE1 will perform re-evaluation and pre-emption checking to avoid the resource conflict. 
Group member UE(s)/RSU acting as a third UE could periodically monitor destination group identifier and the corresponding Sidelink resource reserved by TX UE(s) from their SCIs. If their destination group identifier are identical and the corresponding resource reserved by these TX UE(s) occupies the same time slot i.e., Half duplex problem or same time/frequency i.e., resource collision , then a potential feedback transmitted from group member UEs to the corresponding TX UE(s) could be helpful to avoid problems arising due to half duplex
Proposal 14: For reserved resource conflict checking followed conditions may be considered to trigger resource conflict indicator transmission:
· The time gap between detected SCIs with reserved resources should be smaller than the processing delay
· The reserved resources are fully or partially overlapped
· The measured RSRPs are higher than a RSRP threshold
· Group member UEs/third UE monitoring the half duplex based on destination id and reserved resource
On the transmission of resource conflict indicator, we think the unused resources in the PSFCH slot can be considered. In Rel-16 sidelink the PSFCH resources can be configured with some PRBs, and there may have some unused PRBs. We think these PRBs can be used for resource conflict indicator transmission. The same mapping rules of PSFCH resources can be reused. Another alternative is to use the configured PSFCH resources. For both alternatives UE-A may detects multiple SCIs, and the resource for conflict indicator transmission may associated with each detected SCI, e.g., UE-A detects UE0 and UE1 with reserved resource conflict and there are two resources (e.g., PSFCH) associated with each SCI respectively. In this case UE-A can transmit the resource conflict indicator on two PSFCHs/resources or only one PSFCH/resource. Considering the restriction of multiple PSFCH transmissions and transmitting power, we think it is better to select one PSFCH/resource to transmit the conflict indicator, e.g., UE-A may transmit the resource conflict indicator on the resource associated the lowest priority/largest priority field value indicated in the SCI.   
Proposal 15: For the transmission of resource conflict indicator the unused PRBs in the configured PSFCH slots can be used, and the same mapping rules of PSFCH resources defined in R16 sidelink can be reused.
Proposal 16: For the transmission of resource conflict indicator the PSFCH resources can be used.
Proposal 17: UE-A may select one resource to transmit the conflict indicator based on the priority valued indicated in the detected SCIs.
As defined in Rel-16 sidelink one UE may select some PSFCHs for transmission if it would like to transmit multiple PSFCHs. The selection of transmitted PSFCHs is determined by the priority value, capability of UE on maximum simultaneous PSFCH transmissions and the transmitting power. If the resource conflict indicator is transmitted in the PSFCH occasion, there will be two types of transmission in the PSFCH occasion, one is the HARQ feedback and the other one is for resource conflict indicator. So the selection of actually transmitted resources should be further studied considering the difference between the two types of transmissions, e.g., the transmissions for resource conflict indicator are prioritized to the transmissions for HARQ feedback.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 18: The mechanism for simultaneous transmissions of HARQ feedback and resource conflict indicator should be discussed.
Example for post collision feedback using same PSFCH resource: 
Group member UE(s)/RSU acting as a third UE could periodically monitor destination group identifier and the corresponding Sidelink resource transmitted by TX UE(s) from their SCIs. If their destination group identifier are identical and the corresponding resource selected by these TX UE(s) occupies the same time slot i.e., Half duplex problem or same time/frequency i.e., resource collision , then a potential feedback transmitted from group member UEs to the corresponding TX UE(s) could be helpful to avoid problems arising due to half duplex.  Otherwise, group member UE(s) can also (re)transmit the data to those TX UE(s) and the selection of RX UE in a group to (re)transmit the data can be based on SUE, relay UE etc.
As an example implementation of the post-collision conflict indication, even if the PSSCH from TX UE(s) are successfully decoded by the group member UE(s), group member UE(s) could report NACK(s) on the feedback resource to implicitly indicate potential half duplex problem to respective TX UE(s) when the half duplex detection conditions are met and then the TX UE(s) could (re)transmit the corresponding transport block.
Proposal 19: Post-collision conflict indication using PSFCH resource by group member UEs/third UE report NACK on the PSFCH resource irrespective of the PSSCH decoding result.
_____________________________________________________________________________
Conclusion
In this contribution, we focused on Sidelink reliability enhancement aspects on the resource allocation mechanism for V2X and present our views on the following topics:
Following proposals are made as a result:
Proposal 1: UE-A determines the set of resources at least based on its sensing result, and parameters associated with the sensing procedure of UE-A may be received from UE-B, e.g.,
· L1 priority of UE-B’s transmission
· the number of sub-channels to be used for UE’s transmission
· number of candidate resources to be reported
· selection window duration i.e., latency 
· Resource pool index, if needed 
Proposal 2: Inter-UE coordination scheme 1 can be triggered by UE-B, down selection between the SCI or MAC CE based triggering mechanism may be studied considering latency.
Proposal 3: Inter-UE coordination scheme 1 can be triggered by UE-A if UE-A is the reception UE of UE-B’s transmission.
Proposal 4: Transmission of Inter-UE coordination message based on scheme 1/scheme 2 can be based on ‘consecutive NACKs’ and the maximum number of consecutive NACKs for triggering may be (pre)-configured
Proposal 5: Inter-UE coordination scheme 1 the coordination on the resource selection window of UE-B or the window of the set of resources between UE-A and UE-B is needed.
Proposal 6: Study the changes in the sensing procedure for inter-coordination scheme 1.
Proposal 7: For inter-UE coordination scheme 1 with preferred resources for UE-B’s transmission UE-A determines the set of resources preferred for UE-B’s transmission as followed:
· The resources are in set  as defined in Rel-16 sidelink
· If UE-A is the reception UE of UE-B’s transmissions, it should further exclude the resources on which UE-A will perform sidelink transmission including sidelink transmission based on UE-A’s sensing and scheduled by gNB.
Proposal 8: For inter-UE coordination scheme 1 with non-preferred resources for UE-B’s transmission UE-A determines the set of resources not preferred for UE-B’s transmission as followed:
· The resources which are not in set  as defined in Rel-16 sidelink 
· If UE-A is the reception UE of UE-B’s transmissions, it should further include the resources on which UE-A will perform sidelink transmission including sidelink transmission based on UE-A’s sensing and scheduled by gNB.
Proposal 9: Down-select between L1/L2 container for the inter-UE coordination scheme 1 
· based on the latency required for signaling the inter-UE coordination message 
· specification impact for L1/L2 container 
Proposal 10: Coordination on the intended receiver(s) of UE-B’s transmission between UE-A and UE-B should be studied.
Proposal 11: For inter-UE coordination scheme 1 with preferred resources for UE-B’s transmission UE-B should perform resource selection from the intersection resource set between “the set of resources” and candidate resources based on UE-B’s sensing.
Proposal 12: For inter-UE coordination scheme 1 with non-preferred resources for UE-B’s transmission UE-B may exclude the resources in the “set of resource” from its candidate resources, or trigger resource reselection/drop the transmission if the selected resource is within the “set of resources”.
Proposal 13: Inter-UE coordination scheme 1 can be enabled based on the priority of the data transmission
Proposal 14: For reserved resource conflict checking followed conditions may be considered to trigger resource conflict indicator transmission:
· The time gap between detected SCIs with reserved resources should be smaller than the processing delay
· The reserved resources are fully or partially overlapped
· The measured RSRPs are higher than a RSRP threshold
· Group member UEs/third UE monitoring the half duplex based on destination id and reserved resource
Proposal 15: For the transmission of resource conflict indicator the unused PRBs in the configured PSFCH slots can be used, and the same mapping rules of PSFCH resources defined in R16 sidelink can be reused.
Proposal 16: For the transmission of resource conflict indicator the PSFCH resources can be used.
Proposal 17: UE-A may select one resource to transmit the conflict indicator based on the priority valued indicated in the detected SCIs.
Proposal 18: The mechanism for simultaneous transmissions of HARQ feedback and resource conflict indicator should be discussed.
Proposal 19: Post-collision conflict indication using PSFCH resource by group member UEs/third UE report NACK on the PSFCH resource irrespective of the PSSCH decoding result.
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