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

	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 RAN1#106-e and RAN1#106bis-e and 107-e, many essential issues have reached the agreements. In this contribution, we provide our further considerations on the remaining issue of inter-UE coordination. 
2 For scheme 1
2.1 Behaviour of UE-B receiving Coordination information for Scheme 1  
2.1.1 Preferred resource set 
In RAN1#106bis-e, the following agreements were made:

	Agreement:
· In scheme 1, at least following UE-B’s behavior in its resource (re-)selection is supported when it receives inter-UE coordination information from UE-A:

· For preferred resource set, the following two options are supported:

· Option A): UE-B’s resource(s) to be used for its transmission resource (re-)selection is based on both UE-B’s sensing result (if available) and the received coordination information

· UE-B uses in its resource (re-)selection, resource(s) belonging to the preferred resource set in combination with its own sensing result

· UE-B uses in its resource (re-)selection, resource(s) not belonging to the preferred resource set when condition(s) are met

· FFS: Details of condition(s)

· This option is supported when UE-B performs sensing/resource exclusion

· FFS: Other details (if any) 

· Option B): UE-B’s resource(s) to be used for its transmission resource (re-)selection is based only on the received coordination information

· UE-B uses in its resource (re-)selection, resource(s) belonging to the preferred resource set

· This option is supported at least when UE-B does not support sensing/resource exclusion

· FFS: Whether the support is conditional or UE capability

· FFS: Other details (if any)

· FFS: Other option(s), and other details (if any)




For option A, when UE-B performs sensing/resource exclusion, UE-B’s resource(s) to be used for its transmission resource (re-)selection is based on both UE-B’s sensing result and the received coordination information. In Rel-16 V2X, UE-B’s sensing result is used for resource exclusion from the candidate resource set   [image: image1.png]


   in Mode 2 resource allocation, and then UE reports  [image: image2.png]


   obtained after step 7) of Rel-16 TS 38.214 section 8.1.4 to higher layer. In our opinion, UE-B can take the intersection set between preferred resource set and [image: image3.png]


 obtained after step 7) of Rel-16 TS 38.214 section 8.1.4.

If the number of candidate single-slot resources belonging to the intersection set satisfies the requirement of [image: image5.png]X - Miga



 as specified in step 7) of TS 38.214 section 8.1.4, physical layer shall report the intersection set instead [image: image7.png]


 to higher layer for UE-B’s resource (re-)selection. If the number of candidate single-slot resources belonging to intersection set is smaller than threshold [image: image9.png]X - Miga
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, to ensure sufficient randomization, physical layer shall report  to the higher layer .For such approach, legacy resource selection procedure can be reused as much as possible, and UE’s behaviour need‘t be changed in higher layer.

Proposal 1: For option A of scheme 1, UE-B uses in its resource (re-)selection, resource(s) belonging to the intersection of the preferred resource set from UE-A and [image: image14.png]


 obtained after step 7) of Rel-16 TS 38.214 section 8.1.4.   
Proposal 2:  If the number of resource in intersection set is smaller than the threshold [image: image16.png]X - Miga
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as specified in step 7) of TS 38.214 Section 8.1.4, physical layer at UE-B shall reports    to higher layer.
2.2 The mechanism to trigger inter-UE coordination information transmission  
In RAN1#106-e, explicit request triggering mechanism has been agreed and conditional triggering mechanism has been made as working assumption. In RAN1#107-e, the following agreements about conditional triggering mechanism were made, therefore, we propose to confirm the following working assumption. 
	· (Working Assumption) 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 a condition other than explicit request reception in Mode 2:

· A UE that satisfies the condition mentioned in the main bullet and sends inter-UE coordination information is UE-A

· A UE that received inter-UE coordination information from UE-A and uses it for resource (re-)selection is UE-B

· 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

Agreement

For inter-UE coordination information triggered by a condition rather than request reception in Scheme 1,
· UE-A transmitting in a resource pool provides inter-UE coordination information associated with the same resource pool  



Proposal 3: Confirm the working assumption that inter-UE coordination information transmission is triggered by a condition other than explicit request in Mode 2.

However, the details of the triggering mechanism is still not clear, which will be discussed as following：
Triggered by an explicit request

Inter-UE coordination information can be triggered based on explicit request. UE-A transmits a coordination information 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. By the explicit request method, UE-A could provide the coordination information to UE-B only when UE-B needs coordination information. In addition, the coordination information is expected to be more accurate and helpful if it is generated by explicit request. Although explicit request to trigger the coordination information may increase some signaling cost, the additional signaling cost could be low, and the expected performance would be better.
In Figure 1, explicit request triggering inter-UE coordination information is illustrated. It can generally be divided into following steps:
1. UE-B transmits an explicit  request to UE-A; 

For simplicity, the coordination request is named as MsgA. By sending MsgA, UE-B requests UE-A to provide a coordination information to coordinate UE-B’s resource selection. The condition for UE-B to send MsgA can be for further study. MsgA is transmitted when UE-B resource (re)selection is triggered, e.g. triggered by the new data arrival. 

On receiving explicit request, after the processing time, UE-A transmits a coordination information to UE-B.For simplicity, the coordination information to covey a set of resource is named as MsgB in figure 1.  
To ensure coordination information is helpful for UE-B’s transmission, the UE-A shall transmit coordination information before UE-B making resource (re)selection. In our opinion, it is necessary to define the latest time bound for coordination information, and the time that UE-A transmits coordination information can’t be later than the latest time bound, the latest time bound can be preconfigure by RRC. 
Proposal 4: The time that UE-A transmits coordination information can’t be later than the latest time bound.

2. UE-B receives coordination information and selects resource for transmission by taking both UE-B’s sensing result (if available) and the received coordination information into account.
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Figure 1: Inter-UE coordination information triggered by explicit request   

Meanwhile, UE-B transmits a request periodically should be for further study, it is a special case that hidden terminal appears periodically, UE-B needs coordination information periodically at this time, which also reduces signaling exchange between a pair of UEs. 

Triggered by a condition other than explicit request reception  

Inter-UE coordination mechanism may also be triggered based on preconfigured conditions. As illustrated in figure 2, when the condition is satisfied, UE-A will provide coordination information to the UE-B. Using (pre)configured conditions to trigger the coordination can save the signalling cost and avoid UE-A transmit coordination information too frequently. However, it is not as flexible as explicit request mechanism. 
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Figure 2: Inter-UE coordination mechanism is triggered based (pre)-configured conditions   
2.2.1 Details on explicit request triggering inter-UE coordination  

2.2.1.1 The time of UE-B transmitting a coordination request

For scheme 1, inter-UE coordination information is used to help UE-B make resource (re)selection. And thus, UE-B generates a coordination request when UE-B triggers resource (re)selection for PSCCH/PSSCH transmission, such as, UE-B has a TB to be transmitted.  
However, explicit request signalling may increase the sidelink resource usage and latency. It may not always helpful to trigger inter-UE coordination for all the resource (re)selections. It would be beneficial to define additional conditions to allow UE-B to generate explicit request to trigger inter-UE coordination. 

Explicit coordination request introduces the additional latency because of the signaling exchange. For the low latency traffic, the latency introduced by explicit coordination request may beyond the PDB value. If so, inter-UE coordination is not meaningful. Therefore, a PDB threshold can be (pre)configured, Only when the PDB value of UE-B's packet is larger than the a threshold, UE-B can be triggered to generate coordination request to UE-A.

Inter-UE coordination is designed to improve sidelink reliability. If the priority of sidelink communication is low, there is no need to trigger inter-UE coordination. Therefore, a priority threshold can be (pre)configured, Only when the priority value of UE-B's packet is smaller than a (pre)configured threshold, UE-B can be triggered to transmit coordination request to UE-A.

Proposal 5: UE-B transmits a coordination request when UE-B is triggered to resource (re)selection for PSCCH/PSSCH transmission, and additional conditions related with PDB value or priority value of UE-B’s packets shall also be considered.
2.2.1.2 The Content of UE-B’s explicit request  
In the 107-e, the following agreements were made:
	Agreement 
For Scheme 1, at least following parameters are provided by UE-B’s request:

· Priority value to be used for PSCCH/PSSCH transmission 

· Number of sub-channels to be used for PSSCH/PSCCH transmission in a slot

· Resource reservation interval 


The candidate single-slot resources including the set of resources preferred or non-preferred for UE-B’s transmission shall locate in the UE-B’s resource selection window, otherwise, the coordination information is unhelpful for UE-B’s transmission. Therefore, it is necessary that UE-A need obtain the starting and ending time location of UE-B’s resource selection window.
 The starting time location of resource selection window can be implicitly informed by the explicit request from UE-B to save the signaling cost, for example, UE-A receives the coordination request at slot n1, after the pre-configure process time T, UE-A obtains that the starting time location of resource selection window locates in the slot (n1+T).Therefore, only the ending time location of resource selection window is provided by UE-B’s request.
Proposal 6: The starting time location of UE-B’s resource selection window can be implicitly informed by the explicit request from UE-B.

Proposal 7: Only the ending time location of UE-B’s resource selection window is provided by UE-B’s request.

2.2.1.3 The Container of explicit request
From latency aspect, the processing time of PC5-RRC signalling would be tens of milliseconds, the processing time of MAC-CE signaling would be a few milliseconds, the processing time of physical signalling is even faster, To guarantee the effectiveness of coordination information, short latency of explicit request would be necessary. Therefore, RRC signalling is not preferable due to its large latency, and the physical signalling e.g. a new 2nd stage SCI is the best choice to carry explicit request. 
Proposal 8: A New 2nd stage SCI is used as the container of explicit request.
2.2.2 Details on preconfigured conditions triggering inter-UE coordination

For inter-UE coordination information triggered by a condition, we shall discuss the pre-configure condition further, the following condition shall be considered:
Option1: The distance between UE-B and UE-A satisfies a preconfigure value.
The necessity of inter-UE coordination also depends on the distance between UE-A and UE-B. For example, 

As illustrated in figure 3, unicast is assumed and UE-A is UE-B’s receiver. If UE-A and UE-B are near to each other, they almost experience the same channel interference situation, so it is unnecessity that UE-A transmits coordination information to UE-B. 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 coordination information provided by UE-A would be more helpful compared with the case that the distance of UE-A and UE-B is near. Therefore, a preconfigured value of distance can be set, coordination information is triggered when the distance between UE-A and UE-B is exceed than pre-configure distance threshold.
About the method of obtaining the distance between UE-A and UE-B, in the case of distance-based HARQ feedback, zone ID information field carried by SCI can be used to calculate the distance, e.g. UE-A obtains the UE-B’s geographic location by zone ID, then UE-A calculates the distance between itself and UE-B.
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Figure 3: The distance between UE-A and UE-B exceed than preconfigure value  

Proposal 9: Coordination information can be triggered by distance between UE-A and UE-B, the following option shall be supported:

· The distance between UE-A and UE-B is more than pre-configure distance threshold
Proposal 10: The distance between UE-A and UE-B can be obtained by decoding SCI. 

2.3 The container of coordination information

In the RAN1#107-e, the following agreements were made：

	Agreement

For Scheme 1, a resource pool level (pre-)configuration can enable one of the following alternatives:
· Alt 1 (Working Assumption): MAC CE or 2nd SCI are used as the container of inter-UE coordination information transmission from UE A to UE B.
· For the indication of resource set, the following is supported:
· N combinations of TRIV, FRIV, resource reservation period as specified in Rel-16 TS 38.214 Section 8.1.5 with following modification. The value of resource reservation period is omitted at least when the transmission of preferred resource set is triggered by UE-B’s explicit request.
· First resource location of each TRIV is separately indicated by the inter-UE coordination information

· If [N <= 3], MAC CE is used and it is up to UE implementation to additionally use 2nd SCI. When 2nd SCI and MAC CE are both used, the same resource set is indicated in the 2nd SCI and the MAC CE. If [N > 3], only MAC CE is used.
· FFS: UE capability details
· 2nd SCI is UE RX optional
· Alt 2: MAC CE is used as the container of inter-UE coordination information transmission from UE A to UE B.
· For the indication of resource set, the following is supported:
· N combinations of TRIV, FRIV, resource reservation period as specified in Rel-16 TS 38.214 Section 8.1.5 with following modification. The value of resource reservation period is omitted at least when the transmission of preferred resource set is triggered by UE-B’s explicit request.
· First resource location of each TRIV is separately indicated by the inter-UE coordination information

· FFS: Whether/How to use resource reservation information as coordination information




Proposal 11: Confirm the working assumption that MAC CE or 2nd SCI are used as the container of inter-UE coordination information transmission from UE-A to UE-B.

When 2nd SCI are used as the container of inter-UE coordination information, a new 2nd-stage SCI is designed to carry coordination information, there have following two options on whether coordination information can be transmitted with SL-SCH on a PSSCH transmission. 

Option 1: 2nd-stage SCI can be transmitted without SL-SCH on a PSSCH transmission.
Option 2: 2nd-stage SCI is transmitted together with SL-SCH on the same PSSCH transmission.
Other than Rel-16, the transmission of coordination information does’t always have association with data transmission, so it is uncertain that there has data to be transmitted together with the coordination information. In our opinion, when UE-A has data to be transmitted, option 1 shall be supported, otherwise, 2nd-stage SCI carried coordination information can be transmitted without SL-SCH on a PSSCH transmission, if coordination information is transmitted by 2nd-stage SCI only when UE-A has data for transmission, this will bring out another delay for inter-UE coordination. Therefore, coordination information can be transmitted with or without SL-SCH on a PSSCH transmission by UE implementation.
Proposal 12: Coordination information carried by a new 2nd-stage SCI can be transmitted without or with SL-SCH on a PSSCH transmission by UE implementation.
2.4 The content of coordination information 

If a new 2nd-stage SCI (e.g. SCI 2-C) is used to carry the coordination information, it is necessary to design information fields included in a new 2nd-stage SCI. Except the set of resources, the following information fields are also needed:

· Source ID and destination ID

This field is used to identify a UE transmitting/receiving the coordination information. 

· Priority 

This field is used to indicate the priority of coordination information. 

If a new 2nd-stage SCI carried coordination information is transmitted together with SL-SCH on the same PSSCH transmission, information fields related with HARQ feedback are also needed, such as, HARQ process number, NDI, Redundancy version.
Table 1 The information fields for a new 2nd-stage SCI carried the coordination information
	Information fields
	Coordination information can be transmitted without SL-SCH
	Coordination information can be transmitted with SL-SCH

	Source ID
	Yes
	Yes

	Destination ID 
	Yes
	Yes

	Priority
	Yes
	Yes

	Set of resource preferred or non-preferred for UE-B’s transmission 
	Yes
	Yes

	HARQ process number
	NO
	Yes

	NDI
	NO
	Yes

	Redundancy version  
	NO
	Yes


Proposal 13: The information fields for a new 2nd-stage SCI in table 1 is used to carry the coordination information in scheme 1.  
3 For scheme 2
3.1 
The determination of PSFCH resource/index for conflict indication

	· Agreement: 
· For Scheme 2, PSFCH format 0 is used to convey the presence of expected/potential resource conflict on reserved resource(s) indicated by UE-B’s SCI

Agreement:
· For Scheme 2, 

· Index of a PSFCH resource for inter-UE coordination information transmission is determined in the same way according to Rel-16 TS 38.213 Section 16.3 with at least following modification

· P_ID is L1-Source ID indicated by UE-B’s SCI

· M_ID is 0

· FFS: How to set m_CS

· FFS: How to set m_0

· FFS: Whether M_ID can be (pre)configured


Agreement:
· For allocating PSFCH resources in Scheme 2, at least following can be (pre)configured separately from those for SL HARQ-ACK feedback.

· Set of PRBs for PSFCH transmission/reception (sl-PSFCH-RB-Set) 

Conclusion
For Scheme 2, the values of the following parameters are the same as those for SL HARQ-ACK feedback in the same resource pool
· Period of PSFCH resources (sl-PSFCH-Period)
· Number of cyclic shift pairs used for a PSFCH transmission that can be multiplexed in a PRB (sl-NumMuxCS-Pair)

· Number of PSFCH resources available for multiplexing information in a PSFCH transmission (sl-PSFCH-CandidateResourceType)




In RAN1#106b-e and RAN1#107-e, the above agreements were made, the value of m_0 and m_CS need be discussed further. The cyclic shift resource is determined by m_0 and m_CS, PSFCH resources for expected/potential conflict indication can be (pre)configured separately from those for SL HARQ-ACK feedback, it means that frequency division multiplexing between conflict indication and HARQ feedback can be used, therefore, the same value of  m_0  can be reused for conflict indication and HARQ-feedback to reduce the standardization effort. 
Table 2: m_0 for HARQ-ACK feedback in TS 38.213 section 16.3
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	Cyclic Shift Pair Index 0
	Cyclic Shift Pair Index 1
	Cyclic Shift Pair Index 2
	Cyclic Shift Pair Index 3
	Cyclic Shift Pair Index 4
	Cyclic Shift Pair Index 5

	1
	0
	-
	-
	-
	-
	-

	2
	0
	3
	-
	-
	-
	-

	3
	0
	2
	4
	-
	-
	-

	6
	0
	1
	2
	3
	4
	5


Proposal 14: When conflict indication and HARQ feedback are frequency division multiplexing, conflict indication reused same m0 value with HARQ feedback as specified in TS 38.213 Section 16.3. 
3.2 Behaviour of UE-B receiving a conflict indication from UE-A
In R16 procedure, UE-B makes resource (re)selection in MAC layer. To reduce specification effort, when UE-B receives expected/potential resource conflict indication, PHY layer does’t need to perform any extra resource exclusion, and just informs MAC layer that resource reselection is to be performed. Similar as Rel-16 V2X, when UE-B is triggered to reselect resource after resource re-evaluation or pre-emption check, UE-B does’t perform any extra resource exclusion to avoid selecting the previous resource again.
In the procedure of resource reselection, it’s possible that UE-B selects the expected/potential conflict resource again, in our opinion, UE-B can avoid that the reselected resource is overlapping with expected/potential conflict resource by UE-B's own judgment. For the details, since MAC layer performs resource reselection, we suggest leaving this problem to RAN2.
Proposal 15: UE-B does’t need to perform any extra resource exclusion in PHY layer, and reselects resource(s) reserved for its transmission in MAC layer when UE-B receives expected/potential resource conflict indication. 
4 Conclusion 
This contribution discusses about inter-UE coordination. Based on the discussion, the following proposals are provided:

Proposal 1: For option A of scheme 1, UE-B uses in its resource (re-)selection, resource(s) belonging to the intersection of the preferred resource set from UE-A and [image: image28.png]


 obtained after step 7) of Rel-16 TS 38.214 section 8.1.4.   
 Proposal 2: If the number of resource in intersection set is smaller than the threshold [image: image30.png]X - Miga
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as specified in step 7) of TS 38.214 Section 8.1.4, physical layer at UE-B shall reports    to higher layer.
Proposal 3: Confirm the working assumption that inter-UE coordination information transmission is triggered by a condition other than explicit request in Mode 2.

Proposal 4: The time that UE-A transmits coordination information can’t be later than the latest time bound.

Proposal 5: UE-B transmits a coordination request when UE-B is triggered to resource (re)selection for PSCCH/PSSCH transmission, and additional conditions related with PDB value or priority value of UE-B’s packets shall also be considered.
Proposal 6: The starting time location of UE-B’s resource selection window can be implicitly informed by the explicit request from UE-B.

Proposal 7: Only the ending time location of UE-B’s resource selection window is provided by UE-B’s request.

Proposal 8: A New 2nd stage SCI is used as the container of explicit request.
Proposal 9: Coordination information can be triggered by distance between UE-A and UE-B, the following option shall be supported:

· The distance between UE-A and UE-B is more than pre-configure distance threshold

Proposal 10: The distance between UE-A and UE-B can be obtained by decoding SCI.
Proposal 11: Confirm the working assumption that MAC CE or 2nd SCI are used as the container of inter-UE coordination information transmission from UE-A to UE-B.

Proposal 12: Coordination information carried by a new 2nd-stage SCI can be transmitted without or with SL-SCH on a PSSCH transmission by UE implementation.

Proposal 13: The information fields for a new 2nd-stage SCI in table 1 is used to carry the coordination information in scheme 1.  
Proposal 14: When conflict indication and HARQ feedback are frequency division multiplexing, conflict indication reused same m0 value with HARQ feedback as specified in TS 38.213 Section 16.3. 

Proposal 15: UE-B does’t need to perform any extra resource exclusion in PHY layer, and reselects resource(s) reserved for its transmission in MAC layer when UE-B receives expected/potential resource conflict indication. 
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