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Introduction
The WID on NR SL enhancement was endorsed in RAN#86 and further updated in RAN#88e with following RAN1 related objectives[1]:
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].
In this paper we discussed the feasibility and benefits of inter-UE coordination for mode 2 enhancement, and the issues need to be considered for support of inter-UE coordination.
Discussion
1.1 Mode 2 procedure
Mode 2 is specified in Rel-16 as a UE autonomous resource selection mode, comparing to mode 1, mode 2 does not rely on gNB or eNB scheduling, and thus it can work in all coverage scenarios. The timeline of sensing and resource (re-)selection procedure of mode 2 is shown in Figure 1.
[image: ]
Figure 1 Timeline of sensing and resource (re-)selection procedure (37.985)

[bookmark: _Hlk26192698]In mode 2 UE needs to decode SCI transmitted by other UEs within sensing window, based on the decoding UE can measure SL RSRP of the PSCCH conveying the SCI or PSSCH scheduled by the SCI, meanwhile identify the priority of transmissions by the UEs. For a resource (re-)selection triggered in slot n, the sensing window is defined within [], where  is (pre-)configured to 1100ms or 100ms, to accommodate periodic traffic and aperiodic traffic respectively. 
The measured SL-RSRP and corresponding priority are further used to  preclude resources reserved by other UEs within the resource selection window, which is defined within , where  is selected by UE within  , and is selected by UE within    remaining packet budget. As UE may transmit in some slots of sensing window and cannot sense on the slots due to half duplex, to avoid potential collision with other UEs, UE precludes all possible reservations that may be indicated in those slots. The resource preclusion is based on the comparison between the measured SL-RSRP and (pre-)configured threshold. The percentage of remaining resources after preclusion should not be smaller than X, otherwise, the threshold used for comparison is increased by 3dB until more than X resources are left. 

The set of remaining resources are reported to MAC layer for resource selection. UE can select multiple resources for (re-)transmissions of one TB or for another new TB. However, before the UE using the selected resource for transmission, re-evaluation or pre-emption is performed, resource re-selection is triggered if the selected resource is not eligible for transmission any more. 

Observation 1: Mode 2 resource selection is based on sensing to preclude resources reserved by signaling transmitted in advance.

1.2 [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Shortcomings of existing mode 2
Obviously, mode 2 highly relies on SCI decoding to identify and preclude reserved resources, if a resource is reserved by signaling but the reservation signaling is missed by the sensing UE, the sensing UE may keep the resources erroneously, and resource collision may happen if the resource is finally selected by MAC layer. The missing of reservation signaling is mainly resulted from hidden node problem and half duplex restriction in sidelink. The hidden node problem is illustrated in Figure 2, where the UE in the middle is receiving transmissions from UE 1, however, as UE 2 is far away from UE 1 and cannot decode reservation signaling transmitted from UE 1, UE 2 could (re-)select resources reserved by UE 1 and lead to resource collision consequently. 



Figure 2 Illustration of hidden node problem


Resource collision between different UEs may degrade the PRR of entire system, what is worse, if the resource collision happens between the transmissions of periodic traffic from different UEs, it may lead to consecutive collision until one of the UEs reselect resources, which can degrade PIR significantly.

As resources are selected independently by individual UEs, it may happen that one transmitter and its targeted receiver(s) select resources located in same slot, the transmitter and its targeted receiver(s) would transmit simultaneously and cannot receive each other due to half duplex restriction, in current mode 2 there is no specific mechanism to resolve half duplex issue, this may introduce additional PRR/PIR loss.

Observation 2: Hidden node problem and half duplex restriction in mode 2 could degrade PRR and PIR of the system.

SCI decoding based resource selection could also cause exposed node problem, as shown in Figure 3, UE-A and UE-B close to each other but their respective targeted receivers (UE1 and UE2) are far away, UE-B would preclude resources reserved by UE-A according to resource exclusion rule of mode 2. However, as the UE1 and UE2 are sufficiently separated, UE1/UE2 can decode transmission from UE-A/UE-B even though UE-A and UE-B using overlapping resources.  Hidden node problem would not degrade PRR/PIR of the system while could bring down resource efficiency. 


 
Figure 3 Illustration of exposed node problem

Observation 3: Exposed node problem would degrade the resource efficiency of the system.

In addition, according to the step 5) of R16 mode 2 procedure, UE will exclude resources based on all of resource reservation periods allowed in the resource pool if the UE doesn’t monitor some slots during sensing. That may lead to excessive exclusion especially when some small reservation periods (e.g. 2ms) are (pre-)configured in the resource pool. The above issue can be addressed by inter-UE coordination. For example, although some slots were not monitored by UE-B, UE-A performed sensing on these slots, thus UE-A is able to determine a set of resources reserved by other UEs based on SCIs received in these slots and then share the resource set to UE-B. 
In view of above issues, it is necessary to further enhance mode 2 resource selection to improve the performance. According to the WID[1] inter-UE coordination is to be studied to improve the performance of mode 2, the inter-UE coordination should be designed to address or mitigate the hidden node problem, half duplex, exposed node problem and excessive resource exclusion in Step 5).

Proposal 1: Inter-UE coordination should be introduced to improve the performance of mode 2, the inter-UE coordination solution should be designed to address or mitigate hidden node problem, half duplex, exposed node problem, and excessive resource exclusion caused by step 5) in R16 mode 2.

1.3 Mode 2 enhancement based on inter-UE coordination
In this section we discuss the issues need to be considered for inter-UE coordination.

Definition of “a set of resources”

The definition of “a set of resources” was discussed in RAN1#102-e meeting with following proposal[2]:

	· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]for the definition of “a set of resources”, at least followings can be considered:
· Resource set which is preferred for UE-B’s transmission
· e.g.,
· Resource set which is preferred for UE-A’s reception
· Resource set which is preferred for intended receiver(s) of UE-B’s transmission 
· Resource set which is preferred not to be used by UE-B’s transmission
· e.g.,
· Resource set which is not preferred for UE-A’s reception
· Resource set with a problem for intended receiver(s) of UE-B’s transmission




A resource set which is preferred/not preferred for UE-B’s transmission have included all possible definitions of “a set of resources”, at this stage, both of these definitions should be further studied.

Proposal 2: The following definition on “a set of resources” should be agreed:
· for the definition of “a set of resources”, at least followings can be considered:
· Resource set which is preferred for UE-B’s transmission
· e.g.,
· Resource set which is preferred for UE-A’s reception
· Resource set which is preferred for intended receiver(s) of UE-B’s transmission 
· Resource set which is preferred not to be used by UE-B’s transmission
· e.g.,
· Resource set which is not preferred for UE-A’s reception
· Resource set with a problem for intended receiver(s) of UE-B’s transmission

How UE-A determines “a set of resources” 

As “a set of resources” are used by UE-B to determine which resources to be used/not used in upcoming transmissions, hence the “set of resources” should be selected from a super set of resources that may be used by UE-B. From this viewpoint, “a set of resources” could be a subset of resources within resource selection window of UE-B, or a subset of resources reserved by UE-B in the future. 

For instance, after resource re-selection at UE-B is triggered, UE-A can evaluate the set of resources within resource selection window of UE-B based on e.g. sensing at UE-A side, and then UE-A can identify which resources within the resource selection window of UE-B is suitable/not suitable for UE-B, i.e. determine the “set of resources” and send the “set of resources” to UE-B. Similarly, UE-A can also evaluate the resources reserved by UE-B and determine the “set of resources” suitable/not suitable for UE-B. 

In case of UE-A has connection with gNB, the “set of resources” can also be selected from a super set of resources configured by eNB. The “set of resources” can be equivalent to the super set of resources configured by gNB if UE-A can transfer BSR information of UE-B to the gNB, in this way gNB can allocate resource for UE-B indirectly. Thanks to the overall control of gNB the performance of mode 2 could be comparable to mode 1. But the complexity could be a bit high as UE-A needs to relay BSR information of UE-B to gNB. Or the “set of resources” can be determined by UE-A within the super set of resources configured by gNB, e.g. UE-A acts as a moderator to coordinate resources among UE-B and other transmitters within a group.

Proposal 3: At least following supper sets of resources should be considered for UE-A to determine “a set of resources” from: 
· A set of resources within resource selection window of UE-B;
· A set of resources reserved by UE-B;
· A set of resources allocated by gNB.
The criteria on which resources should be included in the “set of resources” should also be further considered. Basically, the criteria are related to the issue, i.e. hidden node, half-duplex or exposed node, discussed in section in section 2.2 to be addressed by inter-UE coordination.  If the intentions are to avoid hidden node problem, then UE-A should include resource reserved by other UEs to UE-B, such that UE-B could exclude these resources further. Or UE-A could indicate the resources to be used by itself to UE-B to avoid potential half duplex.

Proposal 4: The criteria to determine the “set of resources” from a supper set of resources should be considered taking into account of the issues to be addressed.

Singling of “a set of resources”

Another issue for inter-UE coordination is how to indicate the set of resource from UE-A to UE-B. In current mode 2 operation resource allocation related information are all conveyed in PSCCH such that other UE can identify the resources reserved by the UE based on PSCCH decoding only (i.e. sensing). As Rel-17 UE is supposed to coexist with Rel-16 UE within the same resource pool the size of SCI format 1-A cannot be changed for indicating the set of resources. And there are only 2-4 reserved bits in SCI 1-A, there is no room to indicate the set of resources with the existing SCI 1-A.

NR sidelink supports 2 stages SCI, and in Rel-16 two 2nd stage SCI formats are specified, 2nd stage SCI format used by the transmitter is indicated in the corresponding first stage SCI. For forward compatibility there are 2 bits for 2nd-stage SCI format indication in SCI format 1-A, hence it is possible to introduce more 2nd stage SCI formats in Rel-17 to indicate the set of resources. 

Furthermore, there is PC5 RRC between transmitter and receiver in unicast, and also among group members in connection-oriented groupcast, for these scenarios it is possible to indicate the set of resources via PC5 RRC. Comparing to 2nd stage SCI, PC5 RRC can be more reliable and can avoid the specification efforts on new 2nd stage SCI format design. The drawback is that PC5 RRC is relatively slow so that the set of resources cannot be updated frequently, a new PC5 RRC procedure needs to be specified by RAN2, and it cannot be used in scenarios without PC5 RRC.

Proposal 5: Further study of using 2nd stage SCI or PC5 RRC to indicate the set of resources in inter-UE coordination.

As UE-A may have multiple transmitters, therefore in some cases UE-A may need to transmit “a set of resources” to multiple UEs, for instance, to avoid half duplex issues UE-A may need to indicate resources pre-selected to all transmitters of UE-A. On the other hand, UE-A may also need to transmit multiple of “set of resources” to multiple “UE-B”. For example, if UE-A identifies hidden node problem on resources reserved by different UEs, it should be able transmit the sets of resources with a single signaling such as to avoid too frequent signaling transmission by UE-A.

Proposal 6: Further study of using a single signaling to transmit one or multiple “set of resources” to multiple of UEs.

The transmission of the signaling can be triggered by the request from UE-B, or by the event that new hidden node problem, half duplex, or exposed node problem is identified by UE-A. Furthermore, which resource is used for the transmission of the signaling should also be considered.

Proposal 7: The transmission of the signaling carrying the “set of resources” should at least be triggered by request from UE-B and identification of new event.
Proposal 8: Further consider about which resource is used for the transmission of the signaling carrying the “set of resources”.

How UE-B takes “a set of resources” into account

One more issue is how to use the set of resources indicated by UE-A when UE-B performs mode 2 resource selection. This issue is related to the definition of the “set of resources”.  In our view, following options could be considered at this stage:

Option 1: UE-B directly use the resources in the indicated resource set. This option should be used if the set of resources are dedicated for UE-B, e.g. when gNB or UE-A is coordinating the resource allocation and assign specific resources for UE-B. 

Option 2: UE-B selects resources within the set of resources. This option is applicable when UE-A suggests a set of resources preferred for UE-B to use, but the set of resources are not dedicated for UE-B, UE-B needs additional sensing to further filter out resources reserved by other UEs within the set.

Option 3: UE-B precludes the set of resources when it performs resource selection. This option corresponds to the case that UE-A suggests a set of resources not preferred for UE-B. When UE-B performs mode-2 resource selection, all these resources should be precluded even though these resources are within candidate resource set (i.e. not precluded according to sensing results).

Proposal 9: Further study Option 1, Option 2 and Option 3 for resource selection by UE-B in inter-UE coordination.

Whether/how to support other assistance and/or coordinating information.

Additional assistance information is needed for support of inter-UE coordination, for example UE-A should indicate the meaning of the “set of resources” to UE-B such that UE-B can use the resources properly. And UE-B may also need to indicate some information, e.g. the priority of data to be transmitted, for UE-A to determine “the set of resources”.

Proposal 10: Additional assistance information shared between UE-A and UE-B should be considered to support inter-UE coordination.

Whether “inter-UE coordination” is supported in all cast types

As inter-UE coordination would introduce considerable signaling exchange between UE-A and UE-B, if it is supported for broadcast or groupcast with large number of group members, the signaling overhead could not be acceptable. Hence inter-UE coordination should not be supported for broadcast and groupcast with large number of group members.

Proposal 11: Inter-UE coordination should not be supported for broadcast and groupcast with large number of group members.


Conclusion
In this contribution, we discussed the issues that need to be considered for inter-UE coordination, we have following observations and proposals:
Observation 1: Mode 2 resource selection is based on sensing to preclude resources reserved by signaling transmitted in advance.
Observation 2: Hidden node problem and half duplex restriction in mode 2 could degrade PRR and PIR of the system.
Observation 3: Exposed node problem would degrade the resource efficiency of the system.
Proposal 1: Inter-UE coordination should be introduced to improve the performance of mode 2, the inter-UE coordination solution should be designed to address or mitigate hidden node problem, half duplex, exposed node problem, and excessive resource exclusion caused by step 5) in R16 mode 2.
Proposal 2: The following definition on “a set of resources” should be agreed:
· for the definition of “a set of resources”, at least followings can be considered:
· Resource set which is preferred for UE-B’s transmission
· e.g.,
· Resource set which is preferred for UE-A’s reception
· Resource set which is preferred for intended receiver(s) of UE-B’s transmission 
· Resource set which is preferred not to be used by UE-B’s transmission
· e.g.,
· Resource set which is not preferred for UE-A’s reception
· Resource set with a problem for intended receiver(s) of UE-B’s transmission
Proposal 3: At least following supper sets of resources should be considered for UE-A to determine “a set of resources” from: 
· A set of resources within resource selection window of UE-B;
· A set of resources reserved by UE-B;
· A set of resources allocated by gNB.
Proposal 4: The criteria to determine the “set of resources” from a supper set of resources should be considered taking into account of the issues to be addressed.
Proposal 5: Further study of using 2nd stage SCI or PC5 RRC to indicate the set of resources in inter-UE coordination.
Proposal 6: Further study of using a single signaling to transmit one or multiple “set of resources” to multiple of UEs.
Proposal 7: The transmission of the signaling carrying the “set of resources” should at least be triggered by request from UE-B and identification of new event.
Proposal 8: Further consider about which resource is used for the transmission of the signaling carrying the “set of resources”.
Proposal 9: Further study Option 1, Option 2 and Option 3 for resource selection by UE-B in inter-UE coordination.
Proposal 10: Additional assistance information shared between UE-A and UE-B should be considered to support inter-UE coordination.
Proposal 11: Inter-UE coordination should not be supported for broadcast and groupcast with large number of group members.
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