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Introduction
Inter-UE coordination was considered as one candidate for mode 2 enhancement in Rel-17 [1], this issue was discussed in RAN1#103-e with following conclusions [2]:
Conclusion:
· The schemes of inter-UE coordination in Mode 2 are categorized as being based on the following types of “A set of resources” sent by UE-A to UE-B:
· UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· UE-A sends to UE-B the set of resources not preferred for UE-B’s transmission
· e.g., based on its sensing result and/or expected/potential resource conflict
· UE-A sends to UE-B the set of resource where the resource conflict is detected
· FFS: details of resource conflict, e.g., including type of resource conflict
· FFS: details of sensing operation at UE-A side
· FFS: which type(s) of resource set information is(are) beneficial/feasible to which cast type(s)
· Note: these different types may be used in combination with each other
· From RAN1 perspective, further study on the feasibility/benefit of inter-UE coordination is required
· Send an LS to RAN plenary

Conclusion:
· For the schemes of inter-UE coordination identified as feasible/beneficial, at least the following aspects are further discussed.
· How/when UE-A determines the contents of ”A set of resources”, including consideration of UL scheduling
· When UE-A sends ”A set of resources” to UE-B, including which UE(s) sends it
· How UE-A and UE-B are determined
· How UE-A sends ”A set of resources” to UE-B, including container used for carrying it, implicitly or explicitly or both
· How/when/whether UE-B receives “A set of resources” and takes it into account in the resource selection for its own transmission
· How/whether to define the relationship between support/signaling of inter-UE coordination and cast type

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[3]

[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. 

1.3 Evaluation results
According to the WID[1] inter-UE coordination is to be studied to improve the performance of mode 2. To evaluate the performance of inter-UE coordination system level simulation was conducted. The evaluation assumptions and the gain over R-16 mode 2 are summarized in the table below (following the template used in the last meeting). The other simulation assumptions and simulation curves can be found in the appendix.

Table 1: Evaluation assumption for inter-UE coordination
	Evaluation Scenario
	What is the relationship between UE-A and UE-B including additional latency and signaling overhead model
	How UE-A determines the inter-UE coordination information including the form of the information
	When UE-A sends the inter-UE coordination information to UE-B
	How UE-A sends the inter-UE coordination information to UE-B including container and signaling overhead model
	How/when UE-B takes the received inter-UE coordination information into account in the resource selection for its own transmission including additional latency model 
	Gain over Rel.16 Mode-2 RA

	Unicast, Urban, Periodic (UUP)
	UE-A is receiver of UE-B, additional latency due to the coordination is 3ms.
	UE-A determines the set based on sensing, the form of the information is a list of subchannels not preferred for UE-B’s transmission.
	2 slots after UE-A receiving the triggering signaling from UE-B
	Not modeled
	UE-B precludes resources overlapping with the indicated set, and selects resource from the remaining.
	5.5% PRR increase and 5ms PIR decrease in average in the range of [100m,240m]



From the simulation results it can be seen that considerable gain in terms of PRR and PIR can be observed. The gain is achieved due to the avoidance of hidden node problem and half duplex problem, as the sensing results of UE-A were taken into account in the simulation.

Proposal 1: Inter-UE coordination should be introduced to improve the performance of mode 2.

1.4 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”

In the conclusions achieved in the last meeting 3 types of “a set of resources” are included. If the set of resources are defined as the resources preferred/not preferred for UE-B’s transmission, then the resources included in the set should be selected from a super set in the future, such as the resource selection window of UE-B or resources reserved/pre-selected by UE-B as discussed below. The range of the super set should be aligned between UE-A and UE-B otherwise UE-B cannot interpret the set of resources indicated by UE-A correctly. In this sense, the set of resources can be indicated with a bitmap with each bit corresponding to a sub-channel within the super set, in the end the resources preferred/not preferred for UE-B’s transmission can be indicated simultaneously, i.e., 1/0 in the bitmap can indicate preferred /not preferred resource for UE-B’s transmission respectively. From this point of view the definition of a set of resources preferred for UE-B’s transmission and a set of resources not preferred for UE-B’s transmission seem equivalent. 

Observation 4: resources preferred for UE-B’s transmission and resources not preferred for UE-B’s transmission can be indicated with different bit values in a single bitmap.

For a resource set where the resource conflict is detected, the motivation is still not clear. This type of resource set is intended to trigger re-transmission at UE-B. However, HARQ feedback is enabled for UE-B’s transmission, then the receiver of UE-B would feedback NACK if there is collision on the resources used by UE-B, which can already trigger re-transmission. If NACK feedback is disabled for the transmission of UE-B, which implies that the reliability requirement of the transmissions is low, it seems there is no need to introduce this collision indication anymore. 

Proposal 2: To define “a set of resources” as resource preferred/not preferred for UE-B’s transmission should be supported, FFS to define “a set of resources” as resources where resource conflict is detected.

How/when 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. Basically, “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. 

Upon resource re-selection at UE-B is triggered, UE-B can trigger UE-A to evaluate the set of resources within resource selection window of UE-B based on sensing, 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. UE-B can take this “set of resources” into account during resource selection. Similarly, after the resource selection, UE-B can also inform UE-A which resources are reserved/pre-selected, such that UE-A can continuously evaluate these resources and indicate “a set of resources” to UE-B if some problems (e.g., hidden node or half duplex) are identified on the resources. UE-B can take this “set of resources” into account during re-evaluation and pre-emption checking. The general procedure is illustrated in Figure 4 below. Note that UE-A should perform sensing with parameters, such as L1 priority, remaining PDB, reservation interval, etc. provided by UE-B rather than the parameters used by itself.


Figure 4 UE-A determines “a set of resources” within resource selection window of UE-B and the reserved/pre-selected resources of 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: “a set of resources” should be determined based on sensing of UE-A within following supper sets of resources: 
· 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.

One more issue is how UE-B transmits the triggering to UE-A. When resource reselection is triggered at UE-B, UE-B needs to indicate L1 priority, remaining PDB, reservation interval, etc. to UE-A such that UE-A can determine “a set of resources” based on sensing accordingly. A PSCCH/PSSCH resource is needed to convey so many information. As UE-B has no PSCCH/PSSCH resource at the point, UE-B may need to select a resource randomly for the transmission of the triggering. After resource selection, UE-B can transmit the triggering to indicate the reserved/pre-selected resources in the first selected resource.

Proposal 4: When resource selection is triggered at UE-B, it transmits the triggering to UE-A via PSCCH/PSSCH in a randomly selected resource.

When UE-A sends “a set of resources”

As shown in Figure 4, UE-A may be requested by UE-B to share “a set of resources” selected within resource selection window of UE-B. As “a set of resources” are intended for the assistance of resource selection of UE-B, UE-A should send the resource set to UE-B as soon as it determines the set, e.g. N slots after it receives the triggering signaling from UE-B. If UE-A is requested to share “a set of resources” within the resources reserved/pre-selected by UE-B, it only needs to send the set when some problems are identified on some of these resources (i.e., event triggered). 

Proposal 5: 
· When UE-A is requested to share “a set of resources” for assistance of resource selection at UE-B, it should send the set of resources to UE-B as soon as it determines the resource set;
· When UE-A is requested to share “a set of resources” for assistance of re-evaluation/pre-emption checking at UE-B, it should send the set of resources to UE-B if some problems are identified on some of these resources. 

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.

If the number of bits used to indicate “a set of resources” are limited, e.g., only 1 or 2 bits corresponding to 1 or 2 reserved resources of UE-B, PSFCH can also be used to convey the resource set.

Proposal 6: Further study of using 2nd stage SCI, PC5 RRC and PSFCH 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 7: Further study of using a single signaling to transmit one or multiple “set of resources” to multiple of UEs.

If “a set of resources” is conveyed by 2nd stage SCI or PC5 RRC, if UE-A has no appropriate resource for the transmission, resource reselection should be triggered.

Proposal 8: The transmission of “a set of resources” can trigger resource reselection at UE-A if it has no appropriate resource for the transmission.

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 resources preferred for UE-B’s transmission are included in the set, 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 resources not preferred for UE-B’s transmission are included in the set. 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).

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 9: Further study Option 1, Option 2 and Option 3 for resource selection by UE-B in inter-UE coordination.

How to determine UE-A and UE-B 

As discussed above, the cost of inter-UE coordination is a bit high, it needs additional sensing operation at UE-A and more resources for the transmission of signaling, hence the number of UE-B should be restricted. As the intention of inter-UE coordination is to improve the performance of mode 2, UE-B is allowed to request “a set of resource” only when it has packets with high reliability requirement to transmit.  On the other hand, as inter-UE coordination may introduce additional delay due to the exchange of signaling, PDB of the packet to be transmitted should also be large enough. 

UE-A should be a target receiver of UE-B, if any UE can be UE-A, too many UEs may transmit “a set of resources” to another UE, this may seriously congest the system. 

Proposal 10: 
· UE-B should have packet with high reliability requirement and sufficient PDB to transmit;
· UE-A should be a target receiver of UE-B;

Which cast types “inter-UE coordination” is supported

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.
Observation 4: resources preferred for UE-B’s transmission and resources not preferred for UE-B’s transmission can be indicated with different bit values in a single bitmap.
Proposal 1: Inter-UE coordination should be introduced to improve the performance of mode 2.
Proposal 2: To define “a set of resources” as resource preferred/not preferred for UE-B’s transmission should be supported, FFS to define “a set of resources” as resources where resource conflict is detected.
Proposal 3: “a set of resources” should be determined based on sensing of UE-A within following supper sets of resources: 
· 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: When resource selection is triggered at UE-B, it transmits the triggering to UE-A via PSCCH/PSSCH in a randomly selected resource.
Proposal 5: 
· When UE-A is requested to share “a set of resources” for assistance of resource selection at UE-B, it should send the set of resources to UE-B as soon as it determines the resource set;
· When UE-A is requested to share “a set of resources” for assistance of re-evaluation/pre-emption checking at UE-B, it should send the set of resources to UE-B if some problems are identified on some of these resources. 
Proposal 6: Further study of using 2nd stage SCI, PC5 RRC and PSFCH to indicate the set of resources in inter-UE coordination.
Proposal 7: Further study of using a single signaling to transmit one or multiple “set of resources” to multiple of UEs.
Proposal 8: The transmission of “a set of resources” can trigger resource reselection at UE-A if it has no appropriate resource for the transmission.
Proposal 9: Further study Option 1, Option 2 and Option 3 for resource selection by UE-B in inter-UE coordination.
Proposal 10: 
· UE-B should have packet with high reliability requirement and sufficient PDB to transmit;
· UE-A should be a target receiver of UE-B;
Proposal 11: Inter-UE coordination should not be supported for broadcast and groupcast with large number of group members.
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Appendix
In this section we give the simulation assumptions and simulation results.

Appendix Table 1: Simulation assumptions
	Scenario
	Urban Option A （60km/h）

	Traffic Model
	Periodic traffic Mode 2
-Inter-packet arrival time: 50 ms
-Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
-Latency requirement: 50 ms
-[50]% vehicles generate packets.

	Cast Type
	Unicast

	Carrier frequency
	6GHz

	Bandwidth
	40MHz

	SCS
	30KHz

	Channel Model
	TR 37.885 V2V Channel Model

	Subchannel size
	25 PRBs

	Antenna 
	2*4
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Appendix Figure 1 PRR performace comparison betwee simulated inter-UE coordination scheme and R-16 mode 2

[image: ]  
Appendix Figure 1 PIR performace comparison betwee simulated inter-UE coordination scheme and R-16 mode 2
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