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1 Introduction
During RAN#89-e meeting, the work item description of Release 17 Sidelink enhancement has been updated [1]. The following objective of the SI is included [1]:  
	Resource allocation enhancement:

· 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].



And in RAN1# 103e meeting, the following conclusions were made[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 contribution, we provide our considerations on inter-UE coordination. 
2 Discussion   
2.1 When UE-A transmits “A set of resources” to UE-B in Mode 2   

Based on the discussion in RAN1#102e, at least following options are proposed for when UE-A transmits “a set of resources” to UE-B:

· Option 1: Based on signaling of triggering or requesting.

· Option 2: Based on a pre-defined or (pre)configured triggering condition(s). 

From our point of view, both of the options should be supported in Rel-17 Sidelink enhancement.

Explicit signalling based triggering
Inter-UE coordination mechanism can be triggered based on explicit signaling. For example, UE-A transmits a set resources to the UE-B when it receives a request from UE-B. As it is UE-B who does the resource selection, only UE-B knows exactly when the resource selection is triggered. Using the explicit signaling method, UE-A could provide the assistance information to UE-B only when it needed. In addition, the assistant information is expected to be more accurate and helpful if it is generated by explicit triggering. Although explicit signaling to trigger the assistance may increase some cost, the additional signaling cost could be low, and the expected performance would be better. To flexibly triggering the assistance, physical layer signaling should be considered. 
In Figure 1, an example of explicit signalling triggering inter-UE coordination mechanism is illustrated. It can generally be divided into following steps:
1. UE B transmits an assistance request to UE-A; 

For simplicity, the assistance request is named as MsgA. By sending MsgA, UE-B requests UE-A to provide a set of resources to assist UE-B resource selection. The condition for UE-B to send MsgA can be for further study. In Figure 1, it is assumed that MsgA is conveyed by physical signalling, and MsgA is transmitted when UE B resource (re)selection is triggered, e.g. by the new data arrival. 

2. On receiving Msg A, UE-A transmits a set of resources to UE-B; 

For simplicity, the signalling to covey a set of resource is named as MsgB. In Figure 1, it is assumed that MsgB is conveyed by physical signaling. 
3. UE-B receives MsgB, and selects resource for transmission by taking it into account; 
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Figure1: Inter-UE coordination mechanism triggered based request 

Implicitly preconfigured conditions based triggering
Inter-UE coordination mechanism may also be triggered based on preconfigured conditions. As illustrated in figure2, if the condition is satisfied, UE-A will provide a set resources to the UE-B. Using (pre-)configured conditions to trigger the coordination can save the signalling cost of explicit signalling triggering and avoid UE A sending assistant message too frequently. However, it is not as flexible as explicit triggering mechanism. 
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Figure2: Inter-UE coordination mechanism is triggered based (pre)-configured conditions

The following options of conditions to trigger assistant message are considered:

Option1: resource collision between UE B transmission and other UE(s) transmission.
In mode2 resource allocation, UE-A is always sensing resource, performing SCI decoding and SL-RSRP measurement. As illustrated in figure3, UE-A can predict a potential collision when UE-B and another UE reserved overlapping time frequency resources because of half duplex issue.  In the other case, UE A can also predict collision between UE B and UE C if hidden terminal problem happens between UE B and UE C. If such kind of potential collision is predicted, UE-A can send assistant message to UE-B to help to resolve the collision.  

[image: image3.emf]SCI

UEB

Overlapping 

time frequency 

resources

UEA predcit 

potential 

collision

Subchannel

Slot

SCI

UEC


[image: image4.jpg]Teuueyoqng

Overlapping

Time and
frequency
resources

SCI ~

UEB

Slot

UEA predcits
potential
collision





Figure3: UE-A predicts potential resource collision because of half duplex issue 

Option2: The distance between UE-B and UE-A is exceed than a preconfigure value. 
The necessity of inter-UE coordination also depends on the distance between UE A and UE B. For example, if UE A and UE B are near to each other, with very high probability they will experience the same interference situation, and the necessity to exchange inter-coordination information would be small. 
As illustrated in figure4, unicast is assumed and UE-A is UE-B’s receiver. If the distance between UE-A and UE-B is relatively far, the interference situation sensed by UE A and UE B may be much different. The assistant resource provided by UE-A would be more helpful compared with the case if the distance of UE-A and UE-B is near. Therefore a preconfigured value of distance can be set and inter-UE coordination is only triggered when the distance between UEA and UE B is beyond the threshold.
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Figure 4: The distance between UE-B and UE-C exceed than preconfigure value
Proposal 1 Both explicit signalling based or (pre-)configured condition based triggering mechanism should be supported for UE- A to provide assistant information

- For explicit signalling based triggering, physical layer signalling is supported.   
-For implicit (pre-)configured condition based triggering, conditions such as collision and distance are should be supported.
2.2 How UE-A determines “A set of resources” for UE-B in Mode 2    
UE-A can determine “a set of resources” based on its own sensing behaviour, i.e. SCI decoding and SL-RSRP measurement. A similar procedure as step 1 in Mode 2 resource selection can be used to select the set of resources. If the resource set is defined as preferred not to be used for UE-B’s transmission, the set of excluded resource can be determined instead. Necessary revisions can be further discussed including X percentage and how to set the RSRP threshold for resource exclusion. 
UE-A can determine a candidate resource set after step1 in mode2 resource selection and UE-A reports all candidate resources as a set of resource to UE-B. However, this causes high signal overhead, because the number of resources in the candidate resource set is relatively large. Therefore, it should be discussed how a set of resource is determined by UE A to reduce the signal overhead. If existing step 1 in mode 2 is reused, a different value of X and RSRP threshold can be configured for selecting the set of resource to be signalled.
Meanwhile, how to signalling a set of resource should also be discussed. To flexibly signalling the set of resource, the format of resource list or bitmap can be considered. 
Proposal 2：Mode 2 resource selection step 1 can be used as the baseline for UE-A to determine a set resource, and RSRP threshold and X percentage and the format of a set of resource should be for further study. 
2.3 When and How UE-B takes “a set of resources” into account in the resource selection for its own transmission  
When UE-B takes a set of resources into account
As discussed in section 2.2, if UE assistance is triggered by explicit signalling, additional conditions on when UE takes a set of resources into account may not need to be defined. However, if the assistance is triggered by (pre) -configured conditions, there may be some cases that UE-B can ignore the assistance information. The detailed conditions can be for further investigated.

How UE-B uses the set of resource
UE-B can use its own sensing results and assistance information from UE-A simultaneously in the resource selection procedure. In Rel-16 V2x, Mode 2 resource allocation has step 1 and step 2. To best reuse the existing resource selection procedures, following options could be considered:

Option 1: UE-B takes a set of resources into account in step1.

In this options, the set of resource is taken into account when determining the candidate set. For example, UE-B can perform set operation between the candidate resource set selected using its own sensing results and the resource set received from UE-A to achieve a final candidate resources set. UE-B then performs resource selection step 2 in the final candidate resource to select the resource. In the other possible solution, UE-B can use different S-RSRP threshold for a candidate resource in the resource set sent from UE-A or that out of the resource set. If the resource set is defined as resource preferred for UE-B selection, the S-RSRP threshold for candidate resource in the resource set can be set higher, so it is less likely to be precluded; otherwise it can be set to be lower, so it is easier to be precluded.
Option 2: UE-B takes a set of resources into account in step 2.

In this option, UE-B can select resource in the candidate set in a non-uniformly way. The candidate resource in the set of the resource sent from UE-A can be thus more likely or less likely to be selected. The detailed selection method can be for further study.
Option3：UE-B directly use a set of resources from UE-A. 
From the aspect of powering saving, it is beneficial because UE-B need not perform resource sensing. However, power saving is not an objective of inter-UE coordination in the current WID. UE-B should be assumed to has the capability of sensing. It would not be reasonable if UE-B does not use its own sensing results to improve the reliability and latency performance.  The issue of whether to support UE B directly use a set of resource from UE A can be discussed in the power saving agenda.
Although some procedures of step1 and step2 in mode 2 resource selection can still be reused, when a set of resources from UE-A is taken into account, UE-B could use a different set of (pre-)configured  parameters, e.g. S-RSRP threshold, X values, to achieve the best performance.
Proposal 3: UE-B can use its own sensed resource and a set of resources from UE-A simultaneously in the resource selection.
2.4 How and Which container is used to transmit “A set of resources” to UE-B in Mode 2
The following options can be considered for the container used to transmit a set of resources:
A set of resources is semi-statically configured to UE-B by RRC.
RRC connection will be set up for unicast traffic. And thus RRC messages can be exchanged between transmitter and receiver UEs, which can be used as the container to transmit the assistance information. However, the delay of RRC signalling is much higher than that of PHY signalling. As the assistance information is used for UE-B resource selection, the information may be outdated if the delay is too long. In addition, for groupcast and broadcast traffic, how to use RRC messages for transmitting a set of resources would be an issue. 
 A set of resources is dynamically signalled to UE-B by SCI. 
The arrival time of UE-B’s packet is non-predictable, so UE-B makes resource selection in a dynamic way, especially for aperiodic burst data traffic. Therefore, it would be beneficial if a set of resources can be dynamically signalled from UE-A to UE-B. 
SCI can be considered as a candidate to carry the assistance information. New SCI format with new information field and payload size needs to be designed. To keep the backward compatibility, a new 2nd stage SCI format is more preferred. The resources included in “a set of resource” may not be continuous in time or frequency domain. Therefore, a bitmap based resource indication method may need to be considered. However, the payload size would be large for bitmap based resource indication. Trade-off between the resource granularity and indication accuracy needs to be investigated. 

Proposal 4: A set of resources should be dynamically signalled to UE B by SCI.
2.5 Cast types in inter-UE coordination
Inter-UE coordination is helpful to resolve issues such as half-duplex, hidden terminal, etc. However, it is still FFS whether all the cast types should be supported for inter-UE coordination. 
From our point of view, inter-UE coordination should be supported at least for unicast, however, for broadcast and groupcast, there would be more issues to be solved. One of the major issue is on how to determine the UE which provide the assistant message. If a TX UE receives assistant message from all its receiving UEs, the number of UEs which can be involved in the coordination procedure could be quite large, which leads coordination messages flood issue. Messages flood would reduce the effective of inter-UE coordination as different assistant messages may be contrary to each other. In addition, too many coordination messages would increase the interference in the system, and reduce the overall system performance.  If inter-UE coordination is support for broadcast and groupcast, the issue on determining the UE which provide coordination message should be carefully addressed. 
Proposal5：At least unicast should be support, broadcast and groupcast in inter-UE coordination should be for further study. 
3 Conclusion
In this contribution, we discuss our considerations on inter-UE coordination. Based on the discussion, our proposal are summarized as follows:
Proposal 1: Both explicit signalling based or (pre-)configured condition based triggering mechanism should be supported for UE- A to provide assistant information

- For explicit signalling based triggering, physical layer signalling is supported.

-For implicit (pre-)configured condition based triggering, collision and distance are should be supported.
Proposal 2：Mode 2 resource selection step 1 can be used as the baseline for UE-A to determine a set resource,

and RSRP threshold and X percentage  and the format of a set of resource  should be for further study. 
Proposal 3: UE-B can use its own sensed resource and a set of resources from UE-A simultaneously in the resource selection.

Proposal 4: A set of resources should be dynamically signalled to UE B by SCI.
Proposal5：At least unicast should be support, broadcast and groupcast in inter-UE coordination should be for further study. 
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