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[bookmark: _Toc12641]Introduction
During previous RAN1#107bis-e meeting, following essential issues on mode 2 enhancement as shown in [1] were discussed to finalize RAN1 specification work, and decent progress on inter-UE coordination has been achieved with the agreements and work assumptions listed in [2]. 
	· Physical layer aspects on solution(s) on enhancement(s) in mode 2 for enhanced reliability and reduced latency including
· Scheme 1
· Finalization of contents and containers of UE-A’s inter-UE coordination information and UE-B’s explicit request, including determination of destination UE(s) for UE-A’s inter-UE coordination information and UE-B’s explicit request
· Finalization of behaviour of UE-B receiving resource set(s) from UE-A(s)
· Finalization of when and with which information UE-A generates and/or transmits an inter-UE coordination information, including triggering based on condition(s) other than an explicit request
· Finalization of when UE-B generates and/or transmits an explicit request
· Finalization of resource selection and/or multiplexing with sidelink transmissions for UE-A’s inter-UE coordination information and UE-B’s explicit request
· Finalization of prioritization of inter-UE coordination information and explicit request
· Combination of preferred/non-preferred resources with explicit request/condition triggers
· Scheme 2
· Finalization of determination of PSFCH resource/index for conflict indication
· Finalization of behaviour of UE-B receiving a conflict indication from UE-A
· Finalization of prioritization of conflict indication
· Finalization of how to determine UE-B among UEs scheduling conflicting TBs, including whether/how to handle, or differently handle, the case when at least one of UEs scheduling conflicting TBs doesn’t support Scheme 2



In this contribution, further discussion and proposals on details of inter-UE coordination are elaborated. 
Discussion on the inter-UE coordination
Inter-UE coordination scheme 1
The following agreements and working assumptions related to the container and contents of inter-UE coordination information and request were reached at RAN1#107bis-e meeting, wherein the container can be at least MAC-CE.
	Agreement
· For Scheme 1, when the inter-UE coordination information transmission is triggered by UE-B’s explicit request,  
· Starting/Ending time locations of resource selection window is provided by UE-B’s explicit request
· Starting/Ending time locations of resource selection window is a form of combination of DFN index and slot index
Agreement
For Scheme 1, a resource pool level (pre-)configuration can enable one of the following alternatives:
· (working assumption) Alt1: MAC CE and 2nd SCI are used as the container of an explicit request transmission from UE-B to UE-A
· A single format SCI 2-C is used for inter-UE coordination information and request
· 1 bit in format 2-C is used to indicate whether the SCI is used for request to coordination information or for conveying coordination information 
· SCI 2-C is UE RX optional
· It is up to UE implementation to additionally use 2nd SCI (for UE-B).
· Alt2: MAC CE is used as the container of an explicit request transmission from UE-B to UE-A

Agreement
· For determining preferred resource set in Scheme 1, the value of Cresel is determined by UE-A according to Rel-16 procedure.
· This information is not conveyed to/from UE-B
· When inter-UE coordination information is triggered by UE-B’s request, P_rsvp_TX used for determining SL_RESOURCE_RESELECTION_COUNTER according to Rel-16 procedure is provided by resource reservation interval indicated by UE-B’s request.
Agreement
For the indication of resource set in Scheme 1, the value of Sl-MaxNumPerReserve is fixed to 3.

Agreement
The following working assumption is confirmed with modification in RED.
· 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
· The field size of the indication of resource set in a SCI format 2-C is determined by [N=3]
Working assumption
· First resource location of each TRIV is a slot offset with respect to a reference slot
· Alt 2: 
· The slot offset is the number of logical slots from the reference slot
· The value range of slot offsets is from 0 to maximum value that is (pre)configurable up to [256]
· FFS: The detailed value range including granularity
· Slot offset for each TRIV to indicate the set of resources is separately indicated by inter-UE coordination information
· For the reference slot, 
· The reference slot is the slot indicated by the inter-UE coordination information in a form of combination of DFN index and slot index
Agreement
· For inter-UE coordination information is triggered by UE-B’s request, 
· A resource pool level (pre-)configuration can enable one of the following alternatives:
· Alt 1:
· Resource set type to be provided by inter-UE coordination information transmission is determined by UE-A’s implementation and its information is indicated by UE-A’s inter-UE coordination information
· UE-A’s inter-UE coordination information indicates either preferred resource set or non-preferred resource set
· Alt 2:
· Resource set type to be provided by inter-UE coordination information transmission is indicated by UE-B’s request
· UE-B’s request indicates either preferred resource set or non-preferred resource set
· Note that it is up to RAN2 decision whether/how UE-B provides its support of sensing/resource exclusion to UE-A via PC5-RRC signaling and UE-A uses the received information to determine the type of resource set to be transmitted to UE-B
Agreement
· For inter-UE coordination information is triggered by a condition other than explicit request reception, 
· Resource set type to be provided by inter-UE coordination information transmission is determined by UE-A’s implementation and its information is indicated by UE-A’s inter-UE coordination information
· UE-A’s inter-UE coordination information indicates either preferred resource set or non-preferred resource set


And on SCI format 2-C for inter-UE coordination, the following proposal was also discussed in previous meeting.
	Updated Draft proposal 18:
•        A SCI format 2-C includes all the fields present in SCI format 2-A
−  If (pre)configured, the SCI format 2-C includes zone ID field, and communication range requirement field


According to Rel-16 specification, SCI format 2-A is designed to support all the cast types (including groupcast type 1), while SCI format 2-B is only for groupcast type 1 with distance-based HARQ feedback operation. As agreed in previous meeting, unicast is supported for IUC information transmission triggered by the explicit request, and groupcast/broadcast/unicast are supported for non-preferred resource set transmission triggered by a condition other than explicit request reception. In this situation, it is more suitable to include SCI format 2-A in SCI format 2-C to support all the cast types.
Regarding the TX/RX distance-based HARQ feedback operation, i.e., SCI format 2-B, it is not necessary to include this in SCI format 2-C based on the following reasons:
· MAC CE only can be used as the container of IUC information transmission if TX/RX distance-based HARQ feedback operation is enabled. The benefits to define the duplicated functionality in SCI format 2-C is not justified.
· It would cause a complex SCI format design and may make a lot of consequent discussion, e.g., how to make the size of SCI format 2-C excluding 24-bit CRC no greater than 140 if Zone ID and communication range requirement field were included. 

[bookmark: _Toc95762855]
[bookmark: _Toc95762856]SCI format 2-A fields in SCI format 2-C can support all the cast types, including groupcast type 1.
[bookmark: _Toc95762857]If TX/RX distance-based HARQ feedback operation is enabled, MAC CE only can be used as the container of IUC information transmission. The benefits to define the duplicated functionality in SCI format 2-C is not justified.
[bookmark: _Toc95762858]The SCI format 2-C doesn’t have room to further indicate the Zone ID field and communication range requirement field.
Base on the analysis above, we propose to support the proposal of last meeting.
A SCI format 2-C includes all the fields present in SCI format 2-A. 

According to the agreement of last meeting and the analysis above, the following fields should be included in the newly defined SCI format 2-C for IUC information
[bookmark: _Ref7245]Table 1 Content in SCI format 2-C for IUC information
	Indication item
	overhead

	HARQ process number
	4

	New data indicator
	1

	Redundancy version
	2

	Source ID
	8

	Destination ID
	16

	HARQ feedback enabled/disabled indicator
	1

	Cast type indicator                       
	2

	CSI request
	1

	Providing/Requesting indicator
	1

	Resource combinations
	Up to 22*[3]

	First resource locations
	Up to [8]*[3]

	Reference slot location (DFN+slot index)
	17

	Resource set type 
	1 or 0

	Total
	Up to 144


As discussed in previous meetings, the contents of MAC CE and SCI format 2C should be designed uniformly as much as possible. And due to the bit constraint of the 2nd SCI format, the size of the 2nd SCI 2-C excluding 24-bit CRC should be no greater than 140. So the working assumption on N and first resource location field cannot be confirmed directly, from our point of view, the overhead can be reduced if the first resource location of the first TRIV is the same as the reference slot location. On the other hand, it is beneficial to make the value range of slot offsets as large as possible to cover more resource selection window sizes, and the maximum value of the slot offset can be extended to 1023 if the first resource location indication of the first TRIV can be saved.
Confirm the work assumption on first resource location of each TRIV as below:
	· First resource location of each TRIV is a slot offset with respect to a reference slot
· Alt 2: 
· The slot offset is the number of logical slots from the reference slot
· The value range of slot offsets is from 0 to maximum value that is (pre)configurable up to [256] 1023
· FFS: The detailed value range including granularity
· Slot offset for the first TRIV is always 0.
· Slot offset for each TRIV other than the first TRIV to indicate the set of resources is separately indicated by inter-UE coordination information
· For the reference slot, 
· The reference slot is the slot indicated by the inter-UE coordination information in a form of combination of DFN index and slot index


[bookmark: _Toc71381999][bookmark: _Toc79136160][bookmark: _Toc71381600]Confirm the field size of the indication of resource set in a SCI format 2-C is determined by N=3, and the content of SCI format 2-C is adopted as shown in Table 2 below:
Table 2 Content in SCI format 2-C for IUC information
	Indication item
	overhead

	HARQ process number
	4

	New data indicator
	1

	Redundancy version
	2

	Source ID
	8

	Destination ID
	16

	HARQ feedback enabled/disabled indicator
	1

	Cast type indicator                       
	2

	CSI request
	1

	Providing/Requesting indicator
	1

	Resource combinations
	Up to 22*3

	First resource locations
	Up to 10*2

	Reference slot location (DFN+slot index)
	17

	Resource set type 
	1 or 0

	Total
	Up to 140


The following agreements and work assumption for Scheme 1 triggered by a condition rather than request reception were achieved during previous meeting, but with several FFS points left:
	Agreement
· For inter-UE coordination triggered by a condition rather than request reception in Scheme 1, 
· A resource pool level (pre-)configuration can enable one of the following alternatives:
· Alt 1: it is up to UE-A’s implementation whether or not to trigger the inter-UE coordination information generation. 
· Alt 2: the inter-UE coordination information generation can be triggered only when UE-A has data to be transmitted together with the inter-UE coordination information to UE-B
· Note: Rel-16 procedure of UL/SL prioritization, LTE SL/NR SL prioritization, and congestion control is applied to the transmission of the inter-UE coordination information triggered by a condition.

Working Assumption
For Scheme 1, 
· Following cast type(s) are supported for inter-UE coordination information transmission triggered by a condition other than explicit request reception
· Groupcast/Broadcast for non-preferred resource set, FFS for preferred resource set
· FFS: Under which conditions groupcast/broadcast can be supported
· Unicast
· FFS: Under which conditions unicast can be supported
Agreement
· For determining preferred resource set in Scheme 1, when inter-UE coordination information transmission is triggered by a condition other than explicit request reception, 
· Values of following parameters are (pre)configured for a resource pool. If there is no (pre)configuration, UE-A determines by its implementation the values of the following parameters
· prio_TX
· L_subCH
· P_rsvp_TX
· UE-A determines by its implementation values of following parameters 
· n+T_1, n+T_2
· FFS: Whether/how to support (pre)configuration of n+T_1 and n+T_2
· Note that it is up to RAN2 decision whether/how the values of these parameters are provided by PC5-RRC signaling from UE-B to UE-A and UE-A uses the received information to determine the preferred resource set


According to the above agreements, inter-UE coordination triggered by a condition rather than request reception in Scheme 1 is supported without any specified ‘conditions’. To enable the useful and controllable feedback from UE-A by some simple criteria should be considered for answering the FFS points. From this perspective of view, the benefits to further support Groupcast/Broadcast for preferred resource set and (pre)configuration of n+T_1 and n+T_2 for inter-UE coordination triggered by a condition rather than request reception in Scheme 1are not justified.
For scheme 1 with preferred resource set transmission triggered by a condition other than explicit request reception :
Neither groupcast nor broadcast is supported.
(Pre)-Configuration of n+T_1 and n+T_2 for determining preferred resource set is not supported.
Inter-UE coordination scheme 2
For scheme 2 with expected/potential resource conflict, comparing to the scheme-1, which can give the guidance to avoid the long term collisions, the enhancement to enable the reporting to deal with the expected/potential conflict according to the SCI could be beneficial to deal with the bursty inference or collision. This mechanism can be considered as complementary solution if the aperiodic issue are needed to be addressed. 
For the condition(s) on UE-A for the inter-UE coordination transmission triggered by a detection of expected/potential resource conflict(s), the following working assumptions were achieved at previous meetings:
	Working Assumption
For Condition 2-A-1 in Scheme 2, when “a non-destination UE of a TB transmitted by UE-B can be UE-A” is enabled or when “a non-destination UE of a TB transmitted by UE-B can be UE-A” is disabled and the destination UE of the conflicting TBs is UE-A, for each pair of UEs scheduling the conflicting TBs, a UE with the higher priority value is UE-B.
· FFS whether/how to set additional condition for UE-A to send PSFCH.
· Conclude on whether/how to handle, or differently handle, the case when at least one of UEs scheduling conflicting TBs doesn’t support Scheme 2 at the subsequent meetings
Working assumption
· For Scheme 2, (pre)configuration is supported to enable or disable that 1 LSB of reserved bits of a SCI format 1-A is used to indicate of whether UE scheduling a conflict TB can be UE-B or not.
· FFS: UE-A's behavior for the case when at least one of UEs scheduling conflicting TBs is not capable of receiving the conflict indication


[bookmark: _Toc20096]For the FFS on UE-A's behavior for the case when at least one of UEs scheduling conflicting TBs is not capable of receiving the conflict indication, from our point of view, if indication of whether a UE can be UE-B is disabled, the capability of inter-UE coordination scheme 2 at the UEs scheduling conflicting TBs is not known at UE-A, and UE-A can only base on the priority values of the conflicting TBs to determine which UE is UE-B, and may send the collision indication to a UE who cannot receive it.
On the other hand, if indication of whether a UE can be UE-B is enabled, that means a UE can be and willing to be UE-B would indicate its capability of scheme 2 in the SCI of its transmitted TB, and to avoid UE-A sending the collision indication to a UE who cannot receive it, from our point of view, only the UE have indicated that it has a capability on scheme 2 can be UE-B for this case.
[bookmark: _Toc87033841]If indication of whether a UE can be UE-B is enabled, UE-A should not send collision indication to a UE who cannot receive it.
If indication of whether a UE can be UE-B is disabled, for UEs scheduling the conflicting TBs, a UE with the higher priority value is UE-B
For scheme 2, it is still FFS how to set m_0 and m_CS, which is related to the index of a PSFCH resource for inter-UE coordination information transmission. Meanwhile, according to the conclusion of last meeting, neither indication of condition type of a resource conflict nor indication of time location of a resource conflict is supported. Considering the above conclusion, we prefer to reuse the Rel-16 scheme/mapping of determining PSFCH index as much as possible and the following proposal of last meeting should be agreed.
	 Draft proposal :
· For Scheme 2,
· m_0 for a resource conflict indication is derived in the same way as specified for HARQ-ACK information in TS 38.213 Section 16.3
· m_CS for a resource conflict indication for UE-B’s current TB transmission is 0
· FFS: Whether/How the conflict in periodic transmission is indicated by UE-A and handled by UE-B
· a UE expects that different PRBs are (pre)configured between for conflict indication and HARQ-ACK information



[bookmark: _Toc87033850]For Scheme 2,
m_0 for a resource conflict indication is derived in the same way as specified for HARQ-ACK information in TS 38.213 Section 16.3
m_CS for a resource conflict indication for UE-B’s current TB transmission is 0.
A UE expects that different PRBs are (pre)configured for conflict indication and HARQ-ACK information respectively.
General principle on the configurability of inter-UE coordination scheme
As agreed in RAN1#106-e meeting, there is potential need to enable the configurability of the feature of scheme 1 and scheme 2 with FFS on the details. In our view, in general, scheme 1 and scheme 2 are designed to address different use cases, and it is reasonable to enable/disable these two schemes independently. Moreover, regarding the potential granularity, with consideration on the needs of different traffic over sidelink, which may be delivered over different resource via implementation, then, to achieve the tradeoff between performance and overall overhead/complexity, it’s preferred to conduct the enabling/disabling of each feature per resource pool. Moreover, regarding the details of each solution, e.g., scheme 1, to feedback the set of resources to UE-B, a unified framework, e.g., signaling and format, is expected to be defined for both the preferred resource set and the non-preferred resource set, from this perspective of view, functionality of each scheme can be enabled/disabled as a whole.
Moreover, if a SL Mode 2 resource pool is (pre-)configured to enable scheme 1, scheme 2, or both, it just means these inter-UE coordination scheme(s) is allowed in the resource pool, and the actual usage of an inter-UE coordination scheme is still up to UE’s implementation, i.e., when an inter-UE coordination scheme is performed by a UE in a resource pool, at least the following conditions are satisfied:
· The resource pool is (pre-)configured to enable this inter-UE coordination scheme.
· The inter-UE coordination scheme is also enabled by the UE’s higher layer.
[bookmark: _Toc87033812]The enabling/disabling of inter-UE coordination scheme 1, scheme 2, or both can be (pre)configured per SL resource pool.
[bookmark: _Toc87033813]It is up to the higher layer to determine which a (pre)configured inter-UE coordination scheme is configured.
[bookmark: _Toc87033814]Each scheme should be enabled/disabled as a whole.

Conclusion
According to the discussion above, the following observations and proposals are presented:
Observation 1:
•	SCI format 2-A fields in SCI format 2-C can support all the cast types, including groupcast type 1.
•	If TX/RX distance-based HARQ feedback operation is enabled, MAC CE only can be used as the container of IUC information transmission. The benefits to define the duplicated functionality in SCI format 2-C is not justified.
•	The SCI format 2-C doesn’t have room to further indicate the Zone ID field and communication range requirement field.

Proposal 1: A SCI format 2-C includes all the fields present in SCI format 2-A.
Proposal 2: Confirm the work assumption on First resource location of each TRIV as below:
	· First resource location of each TRIV is a slot offset with respect to a reference slot
· Alt 2: 
· The slot offset is the number of logical slots from the reference slot
· The value range of slot offsets is from 0 to maximum value that is (pre)configurable up to [256] 1023
· FFS: The detailed value range including granularity
· Slot offset for the first TRIV is always 0.
· Slot offset for each TRIV other than the first TRIV to indicate the set of resources is separately indicated by inter-UE coordination information
· For the reference slot, 
· The reference slot is the slot indicated by the inter-UE coordination information in a form of combination of DFN index and slot index



Proposal 3: Confirm the field size of the indication of resource set in a SCI format 2-C is determined by N=3, and the content of SCI format 2-C is adopted as shown in Table 2 below:
Table 2 Content in SCI format 2-C for IUC information
	Indication item
	overhead

	HARQ process number
	4

	New data indicator
	1

	Redundancy version
	2

	Source ID
	8

	Destination ID
	16

	HARQ feedback enabled/disabled indicator
	1

	Cast type indicator                       
	2

	CSI request
	1

	Providing/Requesting indicator
	1

	Resource combinations
	Up to 22*3

	First resource locations
	Up to 10*2

	Reference slot location (DFN+slot index)
	17

	Resource set type 
	1 or 0

	Total
	Up to 140



Proposal 4: For scheme 1 with preferred resource set transmission triggered by a condition other than explicit request reception :
• Neither groupcast nor broadcast is supported.
• (Pre)-Configuration of n+T_1 and n+T_2 for determining preferred resource set is not supported.
Proposal 5: If indication of whether a UE can be UE-B is enabled, UE-A should not send collision indication to a UE who cannot receive it.
Proposal 6: If indication of whether a UE can be UE-B is disabled, for UEs scheduling the conflicting TBs, a UE with the higher priority value is UE-B
Proposal 7: For Scheme 2,
• m_0 for a resource conflict indication is derived in the same way as specified for HARQ-ACK information in TS 38.213 Section 16.3
• m_CS for a resource conflict indication for UE-B’s current TB transmission is 0.
• A UE expects that different PRBs are (pre)configured between for conflict indication and HARQ-ACK information.
Proposal 8: The enabling/disabling of inter-UE coordination scheme 1, scheme 2, or both can be (pre)configured per SL resource pool.
• It is up to the higher layer to determine which a (pre)configured inter-UE coordination scheme is configured.
• Each scheme should be enabled/disabled as a whole.
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