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Introduction
According to the WID [1] of RAN #88e, R17 NR sidelink will enhance mode 2 resource allocation with the identified item “inter-UE coordination” to improve reliability and reduce latency. The objective is as follows:
	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].


In this contribution, we discuss the feasible mechanism of inter-UE coordination in mode 2 for NR sidelink communication.
Discussion
The following two proposals about inter-UE coordination were made in RAN1 #102-e:
	
Proposal 1:
· When a set of resources determined at UE-A is sent to UE-B in mode 2 and UE-B takes this into account in the resource selection for its own transmission,
· 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
· FFS: whether the “resource set” in above candidates can individually refer to the resources in the past, in the future, or in both past and future.       
· FFS details on how UE-A determines “a set of resources” in the above definitions of “a set of resources”.
· FFS details on signaling of “a set of resources”, including container used for carrying it either at the physical or at higher layers and including time domain behavior (e.g., periodic, aperiodic, semi-persistent).
· FFS relation between “a set of resources” and resource pool.
· FFS how/when UE-B takes “a set of resources” into account in the resource selection for its own transmission.
· FFS whether/how to support other assistance and/or coordinating information.
· FFS if “inter-UE coordination” is supported in all cast types.
· Note: further discussion is necessary on what definitions of “a set of resources” will be finally specified.
· FFS whether/how to handle an impact, if any, caused by the functionality of power consumption reduction to be introduced.

Proposal 2:
· When a set of resources determined at UE-A is sent to UE-B in mode 2 and UE-B takes this into account in the resource selection for its own transmission,
· for the condition when UE-A sends “a set of resources” to UE-B, at least followings can be considered:
· Option 1: Based on signaling of triggering or requesting
· Option 2: Based on a pre-defined or (pre)configured triggering condition(s)
· FFS details on UE-A behavior of transmitting “a set of resources” when the above option is satisfied, including time domain behavior (e.g., periodic, aperiodic, semi-persistent).
· FFS details of signaling in 1st option.
· FFS details of 2nd option.
· Note: further discussion is necessary on what options will be finally specified.



The type of “a set of resources” and when UE-A sends “a set of resources” to UE-B have been discussed with many issues open. Based on the discussion in the last meeting, in this contribution we will provide our consideration on the open issues. 
The condition when UE-A sends “a set of resources” to UE-B
In the last meeting [2], we have discussed the conditions when UE-A sends “a set of resources”:
· Option 1: Based on signaling of triggering or requesting
· Option 2: Based on a pre-defined or (pre)configured triggering condition(s)
Inter-UE coordination based on two different triggering conditions are illustrated in figure 1 (a) and (b), respectively.



(a) inter-UE coordination based on option 1          (b) inter-UE coordination based on option 2
Figure 1. Procedure for the inter-UE coordination based on option 1 and option 2
In the option 1, UE-B sends a request, based on which UE-A determines a set of resources. In our opinion, when and how UE-B sends a request and the content in the request should be further discussed. 
· When should UE-B send a request to UE-A?
UE-B can send a request when the packet arrives. However, the latency should be ensured, because the time interval between the packet arrival and the resource selection may be very short, UE-B may not receive “a set of resource” before resource selection. As a alternative, UE-B can also send a request in some pre-defined or (pre)configured slots periodically or semi-persistently to update some essential information about UE-B. In this manner, we should further discuss how to configure these slots.
· How to deliver a request from UE-B to UE-A?
If UE-B wants to request “a set of resource” from UE-A, UE-B could deliver a request to UE-A by using L1 signaling or high layer signaling. If using L1 signaling, UE-B needs to determine the transmission resource for sending the request. And if using high layer signaling, UE assistance information could be a baseline.
· What contents should be included in the request？
To facilitate UE-A to determine “a set of resource” for UE-B effectively, some essential information about UE-B’s target transmission could be accompanied with the triggering or requesting, such as the priority, period, etc. 
In the option 2, when a pre-defined or (pre)configured triggering condition happens, UE-A determines a set of resources. The details of triggering conditions should be defined. In our view, the following three triggering conditions should be considered:
· The collision of resources reserved by two TX UEs is detected. As shown in figure 2 (a), UE-B and UE-C reserve the same resources for the future transmissions, and UE-A detects the collision after decoding SCIs from UE-B and UE-C. Thus, UE-A can be triggered to send “a set of resource” to UE-B or UE-C to avoid the collision of resource reservation.
· Half duplex problem is detected in RX UE. As shown in figure 2 (b), UE-B reserves the resources marked in blue for the future transmissions. UE-A as a receiver UE of UE-B detects it after decoding SCI, and coincidentally UE-A will also do transmission in the same slot. Thus, UE-A can be triggered to send “a set of resource” to UE-B to avoid the collision. This can avoid the half duplex problem from UE-A side.
· The collision of transmissions is detected in RX UE. As shown in figure 2 (c), UE-B performs sidelink transmission with UE-A on the resources marked in blue, and UE-C performs another sidelink transmission on the same resources which has interfered UE-A’s reception. Thus, UE-A can be triggered to send “a set of resource” to UE-B to avoid the potential collision of transmissions in the future due to periodic resource reservation. 



(a)                                               (b)


(c)
Figure 2: The triggering conditions in option 2:
(a) The collision of resources reserved by two TX UEs is detected
(b) Half duplex problem is detected in RX UE 
(c) The collision of transmissions is detected in RX UE 
Proposal 1: When UE-A sends “a set of resources” based on signaling of triggering or requesting, the latency between request and resource selection of UE-B should be considered, and the content in the request should be discussed.
Proposal 2: When UE-A sends “a set of resources” based on a pre-defined or (pre)configured triggering condition(s), the following triggering conditions should be considered:
· The collision of resources reserved by two TX UEs is detected
· Half duplex problem is detected in RX UE 
· The collision of transmissions is detected in RX UE 

How UE-A determines “a set of resources” 
From our point of view, for determining “a set of resources”, the conditions when UE-A sends “a set of resources” should be considered together.
When UE-A sends “a set of resources” based on signaling of triggering or requesting, the procedure of resource exclusion and selection discussed in R16 can be a baseline. For example, UE-A may receive some assisted information from UE-B with the request, which can be utilized during resource exclusion. What’s more, if UE-A is the target receiver of UE-B, the slot that UE-A will do transmission should also be excluded. 
When UE-A sends “a set of resources” based on a pre-defined or (pre)configured triggering condition(s), it means the trigger conditions discussed in section 2.1 are satisfied. For example, when UE-A detects collision of resources, UE-A should indicate such collision to UE-B. Therein, “a set of resource” would be the resources with collision. 
Proposal 3: How UE-A determines “a set of resources” should be discussed under different trigger conditions.

Time domain behavior of “a set of resources” transmission
After determining “a set of resources”, UE-A sends it to UE-B. In this subsection, we will discuss the time domain behavior of “a set of resources” transmission. It has discussed that periodic, semi-persistent or aperiodic can be considered when study UE-A’s time domain behavior of “a set of resources” transmission. We think all of periodic, semi-persistent and aperiodic should be supported, and the time domain behavior is related to how to trigger UE-A to send “a set of resources”, which has discussed in section 2.1.
When UE-A sends “a set of resources” based on signaling of triggering or requesting, the time domain behavior of “a set of resources” transmission can be periodic, semi-persistent or aperiodic. For periodic and semi-persistent transmission, UE-A can persistently send the latest results of sensing and selection. On the other hand, for aperiodic transmission, UE-A only sends “a set of resource” when UE-B has a request, then it can reduce the signaling overhead.
When UE-A sends “a set of resources” based on a pre-defined or (pre)configured triggering condition(s), the aperiodic time domain behavior of “a set of resources” transmission may be more suitable. Only when the conditions discussed in section 2.1 are satisfied, UE-A sends “a set of resources” to trigger UE-B to do resource reselection or retransmission. This is an aperiodic behavior.
Proposal 4: 
· When UE-A sends “a set of resources” based on signaling of triggering or requesting, the time domain behavior of “a set of resources” transmission can be periodic, semi-persistent or aperiodic.   
· When UE-A sends “a set of resources” based on a pre-defined or (pre)configured triggering condition(s), the time domain behavior of “a set of resources” transmission can be aperiodic.

Determination of UE-A
As a UE-A, it may provide resource assistance information for one or more TX UEs frequently. Not every UE can be a UE-A, i.e., UEs with rigorous power saving requirements or UEs with relatively busy SL services are not suitable. Therefore, we should first determine which UE can be served as a UE-A and how to configure it as a UE-A.
UE-A can be a volunteer UE, a group leader, or an RSU. For in-coverage UE, UE-A can be configured by gNB through RRC signaling. For out-of-coverage UE, UE-A can be pre-configured, or a UE voluntarily decides whether to be served as a UE-A. The signaling of configuring the UE-A and the mechanism that a UE is served as a UE-A voluntarily needs further study. In addition, in the R16 SI stage, we have discussed how to determine the scheduling UE in mode 2(d). So, we can discuss the determination of UE-A in inter-UE coordination based on it.
Proposal 5: How to determine UE-A should be discussed.
Which cast type is considered for inter-UE coordination
Both half-duplex problem and hidden node problem exist in unicast, groupcast and broadcast communication. In unicast and groupcast, such problems can be solved by inter-UE coordination. As analyzed in previous subsections, UE-A can send the (not) recommended resource on the slots that UE-B cannot perform sensing because of half-duplex problem. And the receiving UE(s) of UE-B can announce the hidden node problem. For broadcast, as the receiving UE is unknown to the transmitting UE, the hidden node problem may not be solved well. However, at least half-duplex can be solved by inter-UE coordination. Therefore, all cast type should be considered for inter-UE coordination, and when discussing the inter-UE coordination mechanism, we should consider the differences among different cast types.
Proposal 6: All cast type should be considered for inter-UE coordination, and the differences in mechanism should be considered among different cast types.

Conclusions
Proposal 1: When UE-A sends “a set of resources” based on signaling of triggering or requesting, the latency between request and resource selection of UE-B should be considered, and the content in the request should be discussed.
Proposal 2: When UE-A sends “a set of resources” based on a pre-defined or (pre)configured triggering condition(s), the following triggering conditions should be considered:
· The collision of resources reserved by two TX UEs is detected
· Half duplex problem is detected in RX UE 
· The collision of transmissions is detected in RX UE 
Proposal 3: How UE-A determines “a set of resources” should be discussed under different trigger conditions.
Proposal 4: 
· When UE-A sends “a set of resources” based on signaling of triggering or requesting, the time domain behavior of “a set of resources” transmission can be periodic, semi-persistent or aperiodic.   
· When UE-A sends “a set of resources” based on a pre-defined or (pre)configured triggering condition(s), the time domain behavior of “a set of resources” transmission can be aperiodic.
Proposal 5: How to determine UE-A should be discussed.
Proposal 6: All cast type should be considered for inter-UE coordination, and the differences in mechanism should be considered among different cast types.

[bookmark: _GoBack]References
 RAN #88e RP-201385. 
 RAN1 #102e R1-2007412. 


Microsoft_Visio___1.vsdx
UE-A
UE-B
the pre-defined or (pre)configured condition(s) triggering, determine a set of resources
Signal the resource set
Considering the resource set in resource selection



image3.emf
SCI

SCI

time

PSCCH/PSSCH

SCI from UE-B

SCI from UE-C

Resource reserved 

by UE-B and UE-C


Microsoft_Visio___2.vsdx
SCI

SCI


time
PSCCH/PSSCH

SCI from UE-B

SCI from UE-C

Resource reserved by UE-B and UE-C



image4.emf
SCI

time

PSCCH/PSSCH

SCI from UE-B

Resource reserved 

by UE-B 

UE-A will do 

transmission in this slot.


Microsoft_Visio___3.vsdx
SCI


time
PSCCH/PSSCH

SCI from UE-B

Resource reserved by UE-B
UE-A will do transmission in this slot.



image5.emf
time

PSCCH/PSSCH

Transmission of UE-

B and UE- C

collision  is 

detected in UE-A


Microsoft_Visio___4.vsdx

time
PSCCH/PSSCH

Transmission of UE-B and UE- C
collision  is detected in UE-A






image1.emf
UE-A UE-B

determine a set of resources

Considering the resource set in 

resource selection


Microsoft_Visio___.vsdx
UE-A
UE-B
determine a set of resources
Signal the resource set
Considering the resource set in resource selection
Coordination assistant information



image2.emf
UE-A UE-B

the pre-defined or (pre)configured 

condition(s) triggering, 

determine a 

set of resources

Considering the resource 

set in resource selection


