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1. Introduction
NR Rel-17 sidelink enhancement WID [1] has an objective of resource allocation enhancement which includes 

· Study the feasibility and benefit of solution(s) on the enhancement(s) in mode 2 resource allocation by RAN#91

· Specify the identified solution(s) if deemed feasible and beneficial 

Inter-UE Coordination (IUC) feature has been discussed as an important method for mode 2 RA enhancements. The WID has not been updated in RAN#91e and RAN#94e to narrow down the resource allocation enhancement mechanisms, although there are concerns that the current design options are too many to handle. In lieu of remaining Rel-17 timeline, it is vital for RAN2 to start the related work on inter-UE coordination for a timely R17 completion. In this paper, we discuss some important RAN2 issues for higher-layer aspects of Inter-UE coordination.
2. Discussions
2.1 Uu RRC Configuration for the support of IUC
It is clear that many different design options have been agreed so far by RAN1 [2][3], as briefly summarized below:

· Scheme 1-A: Preferred resource by excluding “reserved” resource(s) (1-A-1) and half-duplex conflict slots (1-A-2)

· Scheme 1-B: Non-preferred resource

· 1-B-1 (resource reservation conflict)
· Option-1: 

· Option 2:

· 1-B-2 (half-duplex): the half-duplex conflict RX UE asks its transmitter to yield

· Scheme 2 (Reactive)PHY layer solutions for collision using PSFCH signals to alert the TX UE

· 2-A-1: (resource reservation collision)

· Option 1: Check absolute RSRP with threshold
·     Case 1: 

·     Case 2: 

· Option 2 is similar to Option 1, but use relative RSRP
· 2-A-2: Similar to scheme 1-B-2
In the top-level, IUC has two schemes (scheme 1 and scheme 2), then each scheme has a couple of sub-schemes and options, respectively. Each scheme or option has its pros and cons. However, if all of those options are enabled/allowed for SL UEs by default, then a lot of IUC signaling will be triggered by UEs. There is a valid concern that all those signaling used to solve resource collision issue will actually make the collision worse by adding a lot of control overhead traffic in OTA transmission. In other words, maybe only a subset of IUC options to be considered to achieve optimal balance between overhead to benefits for a particular resource allocation scenarios.
Hence, from the perspective of RRC design, it is wise to introduce parameters to control/customize the usage of all those schemes. This is because IUC, as a mode 2 RA enhancements, is obviously not always needed. If the resources are ample and collisions are rare, there is no need to enable IUC, or at least no need to enable all of the schemes and options included in IUC design.
As IUC messages are intended to help scheduling resource usage for a particular resource pool. It is reasonable to have the IUC configured per resource pool. NW shall be allowed to configured different IUC schemes for different resource pool. For example, Scheme 2 requires PSFCH resource to be used for conveying IUC information in L1 Signaling. If a SL resource pool does not contain any PSFCH resource configured, then Scheme 1 instead of scheme 2 should be used in such a SL resource pool.  Also, if a gNB has configured a resource pool with sufficient TX resources, then the benefits of using IUC Scheme 1 (Scheme 1-A in particular) is very marginal,  so this resource pool may not need to be configured to support IUC scheme 1. Based on the above analysis, we think it is reasonable to introduce per-pool RRC (pre)configurations for IUC.  
Proposal 1  
Introduce RRC (pre-)configurations for Inter-UE Coordination per resource pool.
Regarding the details of IUC configurations, the RRC parameters need to cover all possible configurations in a:

· Whether IUC is enabled/disabled 

· Whether enable scheme 1 or scheme 2 or both 

· For scheme 1, whether 1-A or 1-B or both are supported. 
· For scheme 1-B, whether to support 1-B-1 or 1-B-2 or both. 
· For scheme 1-B-1, whether to support Option 1 or Option 2 or both.

· For scheme 2, whether to support 2-A-1 or 2-A-2 or both.
· For scheme 2-A-1, whether to support Option 1 or Option 2 or both.

· For scheme 2-A-1, whether to support Case 1 or Case 2 or both

Proposal 2  
IUC Configurations for each resource pool are used to enable/disable a variety of IUC schemes/options/case and its combinations.
Then, instead of semi-static configuration of IUC as “Always ON” or “Always OFF”, more subtle and soft triggering conditions could also be considered to determine whether a UE will invoke IUC signaling in a particular resource pool at a particular time. For example, those circumstantial conditions could be as follow:
1. Thresholds to be used for a particular IUC options (e.g., RSRP thresholds or threshold offsets to determine partial overlapping of resources in scheme 2-A-1) 

2. Timer values to trigger reporting. e.g., How much time can be elapsed since the last time UE-A share the IUC information with UE-B?
3. Thresholds for the UE A to decide it has enough sensing results or confidence to make suggestion about preferred resource usage in scheme 1-A.

4. Whether there is need of an ongoing traffic from UE-A to UE-B to piggyback the IUC message with data?
Many of the above details are still to be decided by RAN1 to be finalized, so RAN2 can wait for inputs of RAN1. 
Proposal 3  
RAN2 wait for RAN1 to decide how to support the configuration of triggering conditions for IUC schemes/options.
2.2 PC5-RRC Configuration for the support of IUC
After UE-A and UE-B establish the PC5-RRC connection, the configuration of IUC-support shall be part of PC5-RRC sidelink configuration. Despite the cell-level IUC configuration provided in Uu RRC (e.g., SIB), the feature shall still be switched on/off per unicast link, as IUC may not always be needed. As both UE-A and UE-B are potential beneficiaries and participants of IUC scheme, either of them can initiate or terminate the IUC usage.
Proposal 4
Sidelink Configuration in PC5-RRC signaling can be invoked to turn on/off IUC support by either UE-A or UE-B.
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Figure 1
 PC5-RRC configuration for IUC

For IUC configurations to work on a SL unicast link, both UE need to agree upon on the exact IUC scheme and triggering conditions to be used, by taking the UE’s SL capability into account, as shown in Figure 1. Besides SL capability, it may also need to consider some other factors. For example, if UE-A is a mode 1 UE in RRC_CONNECTED, then it will not be able to conduct sensing and will not be suitable to use scheme 1. Also, even if UE-A is a mode 2 UE which supports IUC scheme 1, for the sake of power saving, it may not want to always do sensing as the SL traffic in this unicast link may be predominantly from UE-B to UE-A. Thus, the UEs may need to negotiate the terms for UE-A’s sensing operation pertaining to IUC scheme 1.
Also, RAN1 has agreed that UE-B may send an explicit request for inter-UE coordination information can to UE-A.
Proposal 5  
IUC configuration in PC5-RRC can include whether the explicit request is used and/or the sensing requirements for IUC scheme 1. 

Finally, for groupcast/broadcast case, there is no appropriate existing PC5-RRC signaling to establish such a relationship because no PC5-RRC connection is available between UE A and potential UE B(s) in SL groupcast or SL broadcast. While UE A can voluntarily share its evaluation results persistently, such a scheme may cause more harm (signaling overhead, crowded channel) than its benefits. RAN2 need discuss whether this can be supported.
Proposal 6  
RAN2 discuss whether and how to establish inter-UE coordination relationship for SL groupcast/broadcast cases. 

3. Conclusions

In this paper, we have discussed the inter-UE coordination and have the following proposals.
Proposal 1  
Introduce RRC (pre-)configurations for Inter-UE Coordination per resource pool.

Proposal 2  
IUC Configurations for each resource pool are used to enable/disable a variety of IUC schemes/options/case and its combinations.
Proposal 3  
RAN2 wait for RAN1 to decide how to support the configuration of triggering conditions for IUC schemes/options.
Proposal 4
Sidelink Configuration in PC5-RRC signaling can be invoked to turn on/off IUC support by either UE-A or UE-B.

Proposal 5  
IUC configuration in PC5-RRC can include whether the explicit request is used and/or the sensing requirements for IUC scheme 1. 

Proposal 6  
RAN2 discuss whether and how to establish inter-UE coordination relationship for SL groupcast/broadcast cases. 

4. References

[1]
RP-201385, WID revision: NR sidelink enhancement.
[2]
Chairman’s notes, RAN1#106bis-e.
[3]
Chairman’s notes, RAN1#107-e


3/4


