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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 feature has been discussed as an important method for mode 2 enhancements. However, WID has not been updated during RAN#91e to narrow down the resource allocation enhancement mechanisms, although RAN1 has sent a LS [2] to describe the candidate solutions for inter-UE coordination. In lieu of remaining Rel-17 timeline, it is vital for RAN2 to start the 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
RAN1#104 [3] concludes that the inter-UE coordination in Mode 2 is feasible, and is beneficial (e.g.,  reliability, etc.) compared to Rel-16 Mode 2 RA, and thus recommends specification of the feature.
RAN1#106 [4] has made some further progress on this issue, with the following major agreements:

	· Agreements on details of Scheme 1 for inter-UE coordination
· For scheme 1, the following inter-UE coordination information signalling from UE-A is supported. FFS details including condition(s)/scenario(s) under which each information is enabled to be sent by UE-A and used by UE-B.

· Set of resources preferred for UE-B’s transmission

· Set of resources non-preferred for UE-B’s transmission

· In scheme 1, the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination information transmission triggered by an explicit request in Mode 2:

· A UE that sends an explicit request for inter-UE coordination information can be UE-B

· A UE that received an explicit request from UE-B and sends inter-UE coordination information to the UE-B can be UE-A

· (Working assumption) At least a destination UE of a TB transmitted by UE-B can be UE A

· The above feature can be enabled or disabled or controlled by (pre-)configuration

· FFS: Details on how to support this, including (pre-)configuration signaling granularity

· FFS: Additional details and conditions on UE-A and UE-B

· Agreements of Scheme 2 for inter-UE coordination

· For scheme 2, the following inter-UE coordination information signalling from UE-A is supported. FFS details including condition(s)/scenario(s) under which each information is enabled to be sent by UE-A and used by UE-B

· Presence of expected/potential resource conflict on the resources indicated by UE-B’s SCI

· FFS: UE behaviour when the presence of expected/potential resource conflict is detected by the transmitter

· FFS: Whether to additionally support the presence of detected resource conflict on the resources indicated by UE-B’s SCI

· In scheme 2, at least the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination transmission triggered by a detection of expected/potential resource conflict(s) in Mode 2:

· A UE that transmitted PSCCH/PSSCH with SCI indicating reserved resource(s) to be used for its transmission, received inter-UE coordination information from UE-A indicating expected/potential resource conflict(s) for the reserved resource(s), and uses it to determine resource re-selection is UE-B

· A UE that detects expected/potential resource conflict(s) on resource(s) indicated by UE-B’s SCI sends inter-UE coordination information to UE-B, subject to satisfy one of the following conditions, is UE-A


From high-level deisgn perspective, inter-UE coordination mechanism is deemed beneficial, but also comes at a cost. Compared to the barebone mode 2 RA, it causes additional signaling overhead and added latency. Hence, it is very unlikely that this is going to be an “always on” feature. The scheme can be used when it is needed and should be able to be turned off when it is no longer need. 
RAN1 has agreed:

· A UE that sends an explicit request for inter-UE coordination information can be UE-B
· A UE that received an explicit request from UE-B and sends inter-UE coordination information to the UE-B can be UE-A

For this explicit reqeust signaling, it is reasonable to assume this cannot be just a 1-bit “ON/OFF” indication, it may need to identify the exact resource candidates for which the UE B intends to seek assistance from UE A. Neither SCI stage 1 nor Stage 2 has enough spare bits for this kind of information. It is also not reasonable to include this in every SL transmission. Moreover, the explicit Inter-UE coordination request and corresponding Inter-UE Coordination response (information) need to establish a 1-to-1 relationship, which is hard to implement with very limited PHY signaling space. Hence, this IUC-request is better to be a higher-layer signaling designed by RAN2. 

Observation 1 
For the explicit request in Scheme 1 as agreed by RAN1, upper layer signaling is more suitable than L1 signaling.
Thus, RAN2 need consider some upper layer signaling and procedures to support the above RAN1 agreements. As shown in Figure 1, the IUC-request is sent by UE B and UE A will start sensing the resource requested by UE B and convey the results in an IUC-info signaling.
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Figure 1. Typical Unicast Scenario with Inter-UE Coordination
Form the signaling design perspective, only PC5-RRC or SL MAC CE can be considered for IUC-request.

Proposal 1  
For the explicit request for Inter-UE Coordination in SL unicast, RAN32 discuss whether PC5-RRC or SL MAC CE is used. 
Another aspect in need of RAN2 attention is the sensing part. UE A provides inter-UE coordination information based on sensing results to help UE B’s mode 2 transmission, as required for both Type A and Type B inter-UE coordination. However, logically, UE A could be a pure-RX device in the SL communication and may not be required to perform sensing, unless otherwise specified. Also, the sensing is defined as an operation per TX pool. An RX UE may not be configured with any TX pool. For example, NR V2X SIB may not have any TX pools, per TS 38.331 [4]. Even if the RX UE can read some TX pool(s) from the SIB, it is unreasonable to force UE A to sense all those TX pools. Thus, some upper layer signaling is needed to configure this operation.  

Proposal 2  
RAN2 discuss how to configure the sensing operation for a RX UE A in inter-UE coordination request. 

Another aspect is how to treat this explicit request as one-shot or “semi-persistent”. For the later, a subscription mechanism can be devised so that after UE-B has indicates its intention to allow UE-A to help its scheduling and resource selection, UE-A can send IUC-info message periodically w/o explicit triggering every time.
Proposal 3  
RAN2 discuss whether to support a subscription model for Inter-UE coordination Scheme 1, besides the on-demand request for one-shot assistance. 

Then, regarding the IUC information signaling, we think this can be designed as general enough to be used for both Scheme 1 and Scheme 2. Although it does not need an explicit request for UE A to send expected/potential resource conflict(s) on resource(s) indicated by UE-B’s SCI in Scheme 2, but it shall be perfectly fine for UE A to piggyback Scheme 2 information in the response message for Scheme 1 request.
Proposal 4  
UE A can piggyback Scheme 2 information in the same IUC information message responding to a request for Scheme 1 information. 
For groupcast/broadcast case, there is no appropriate existing 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 5  
RAN2 discuss whether and how to establish inter-UE coordination relationship for SL groupcast/broadcast cases. 

Finally, for the inter-UE coordination discussion for mode 2 enhancement, UE B uses mode 2 resource allocation. However, there is no requirement for its receiver(s) to be mode 2, too. So, UE A may be a mode 1 UE. In NR SL, mode 1 UE does not conduct sensing, but it can still decode SCI and detect resource collisions. Both Type B and Type C results can be based on resource collision detection. There is no constraint to prevent a mode 1 UE A from providing help to other UEs. To maximize the benefits of inter-UE coordination, mode 1 UE can also be considered.
Proposal 6 
 Mode 1 UE can also provide Type B or Type C coordination to a mode 2 UE.

3. Conclusions

In this paper, we have discussed the inter-UE coordination and have the following observation: 
Observation 1 
For the explicit request in Scheme 1 as agreed by RAN1, upper layer signaling is more suitable than L1 signaling.
Then, we have the following proposals:
Proposal 1  
For the explicit request for Inter-UE Coordination in SL unicast, RAN32 discuss whether PC5-RRC or SL MAC CE is used. 
Proposal 2  
RAN2 discuss how to configure the sensing operation for a RX UE A in inter-UE coordination request. 

Proposal 3  
RAN2 discuss whether to support a subscription model for Inter-UE coordination Scheme 1, besides the on-demand request for one-shot assistance. 

Proposal 4  
UE A can piggyback Scheme 2 information in the same IUC information message responding to a request for Scheme 1 information. 
Proposal 5  
RAN2 discuss whether and how to establish inter-UE coordination relationship for SL groupcast/broadcast cases. 

Proposal 6 
 Mode 1 UE can also provide Type B or Type C coordination to a mode 2 UE.
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