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1 [bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
During RAN discussion on [94e-37-R17-Sidelink-WI] at RAN#94-e, following proposals were agreed to allow RAN1 to complete the remaining normative work: 
Proposal 1: RAN1 is tasked to complete the remaining normative work for Rel-17 NR sidelink enhancement by Q1 of 2022
· All RAN1 decisions that impact other WGs should be finalized in RAN1#107bis-e
Proposal 2: Use the list of open issues provided RP-212880 (status report of WI: NR sidelink enhancement) as a starting point for technical discussions in RAN1.
· This does not mean that all the issues included in the list are considered essential or the list is complete
· RAN1 should not spend additional effort to further refine the list

In this paper, we identify remaining cross-WG open issues, such as, RRC impact, MAC CE impact and MAC procedure (e.g. resource (re-)selection), and provides our views on completion of these issues. In addition, we also provide detailed analysis for other essential leftovers which would result in critical performance degradation as well as feature incompletion in Rel-17. 
2 Overview on open issues for inter-UE coordination
Based on the open issue list provided in the SR RP-212880, following issues are listed for physical layer aspects on inter-UE coordination:
	Open issues in SR RP-212880
	Has potential cross-WG impact?
	Remarks

	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
	Yes
	This has MAC CE design impact, includes contents, signalling design, of coordination information and explicit request.

	
	Finalization of behaviour of UE-B receiving resource set(s) from UE-A(s)
	Yes
	This has MAC procedure impact on resource selection subject to detailed solutions introduced in RAN1.

	
	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
	No
	This is RAN1-only work.
This is essential to be discussed for scheme 1 completion, including timeline restriction, etc. However, this is not urgent to be discussed in RAN1#107bis-e given no cross-WG effort is needed, and can be discussed in RAN1#108-e.

	
	Finalization of when UE-B generates and/or transmits an explicit request
	No
	This is RAN1-only work.
This is essential to be discussed for scheme 1 completion, including timeline restriction, etc. However, this is not urgent to be discussed in RAN1#107bis-e, and solutions can be as simple as UE implementation, and can be discussed in RAN1#108-e.

	
	Finalization of resource selection and/or multiplexing with sidelink transmissions for UE-A’s inter-UE coordination information and UE-B’s explicit request
	Yes
	Resource selection for UE-A’s inter-UE coordination information and UE-B’s explicit request has MAC procedure impact subject to detailed solutions introduced in RAN1.
It seems that it is not a critical leftover issue to introduce multiplexing of these transmissions, without which does not break inter-UE coordination procedure. This can be discussed after completion of other critical issues.  

	
	Finalization of prioritization of inter-UE coordination information and explicit request
	No
	This is RAN1-only work.
This is not urgent to be discussed in RAN1#107bis-e, and solutions can be as simple as reusing Rel-16 prioritization rule, and can be discussed in RAN1#108-e.

	
	Combination of preferred/non-preferred resources with explicit request/condition triggers
	No
	This is RAN1-only work.
This is not urgent to be discussed in RAN1#107bis-e. In addition, the necessity to have combination design is not clear given that independent indication of preferred/non-preferred resources can work well. This can be discussed and decided in RAN1#108-e.

	Scheme 2
	Finalization of determination of PSFCH resource/index for conflict indication
	Yes
	The value of  may result in different UE-B behavior which has impact on MAC.

	
	Finalization of behaviour of UE-B receiving a conflict indication from UE-A
	Yes
	This has MAC procedure impact on resource selection subject to detailed solutions introduced in RAN1.

	
	Finalization of prioritization of conflict indication
	No
	This is RAN1-only work.  This is not urgent to be discussed in RAN1#107bis-e.

	
	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
	No
	This is RAN1-only work.
This is not urgent to be discussed in RAN1#107bis-e. In addition, the necessity to handle or differently handle is still questionable. This can be discussed and decided in RAN1#108-e.


We propose that RAN1#107bis-e should focus only on the identified cross-WG issues as per RAN#94-e guidance, given some of these issues are already challenging, and remaining issues are not urgent and can be discussed in RAN1#108-e. 
Proposal 1: RAN1#107bis-e should only discuss cross-WG issues with RRC/MAC impact, as follows:
· For 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 behavior of UE-B receiving resource set(s) from UE-A(s)
· Finalization of resource selection for UE-A’s inter-UE coordination information and UE-B’s explicit request
· For scheme 2
· Finalization of determination of PSFCH resource/index for conflict indication
· Finalization of behavior of UE-B receiving a conflict indication from UE-A
3 Cross-WG issues
3.1 Inter-UE coordination scheme 1
3.1.1 On contents and container of inter-UE coordination information and explicit request including determination of destination UE(s)
3.1.1.1 [bookmark: _Ref90911301]For inter-UE coordination information
3.1.1.1.1 [bookmark: _Ref91249378]Coordination information signaling design
In RAN1#107-e, the following agreements on container of inter-UE coordination information for scheme 1 are 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



When using N combinations of TRIV, FRIV, and resource reservation period to indicate the resource set in coordination information, there are still some details to be discussed. In this section, a unified design for the indication of the resource set in coordination information for both MAC-CE and 2nd SCI is proposed.
For the indication of FRIV, the maximum of “sl-MaxNumPerReserve” is 3 as specified in Rel-16 TS 38.214 Section 8.1.5, however, it can only indicate another 2 resources in frequency in addition to the first resource in the slot where SCI format 1-A was received, i.e. the first frequency resource of each FRIV cannot be indicated and therefore is not used for indication of preferred/non-preferred resource set (see the “block with cross mark” in Figure 1). 
For the indication of the first resource location of each TRIV, which is used for indication of second and third resource (when sl-MaxNumPerReserve = 3) of each TRIV, the slot where the UE-A transmits IUC information is defined as the reference slot. The first slot of the resource combination(s) is determined by a slot_offset to the reference slot (see “slot_offset1” in Figure 1). For the indication of the first slot of other TRIV, use the offset between the first slot in a TRIV and the last actual indicated slot of the previous TRIV to indicate (see “slot_offset2” and “slot_offset3” in Figure 1). The value of slot_offset for each TRIV is determined by first resource location(s) field in SCI format 2-C, where m bits (e.g. m = 2) can represent a value from a set (pre-)configured per resource pool. Similar to sl-ResourceReservePeriodList, a set of possible first resource location values allowed in the resource pool can be configured, e.g., {1, 2, 3, ..., 4061} slots, where 4061 is derived from maximum PDB value (511.5ms), which equals to 4092 slots for 120 kHz SCS, minus max TRIV range (31 slots). In a resource pool, up to 4 values can be configured per resource pool for m = 2. The details of set of possible first resource locations can be decided in RAN2.
The total number of resource combination(s), denoted as N, in SCI format 2-C can be (pre-)configured by a resource pool such that the size of a SCI format 2-C is fixed per resource pool, where the value range of N can be {1, 2, 3}.
The sl-ResourceReservePeriodList field allows up to 16 values of resource reservation period as specified in Rel-16. The indication of resource reservation period needs maximum 4 bit for each combination. The value of resource reservation period can be omitted by setting the binary value of the field as “0”, when the transmission of preferred resource set is triggered by UE-B’s explicit request. However, the field needs to be always present in order to avoid blind decodes of SCI format 2-C due to size difference.
[image: ]
[bookmark: _Ref91248642][bookmark: _Ref91248627]Figure 1: Signaling design for coordination information
Proposal 2: For the indication of resource set, the following is supported:
· The first resource in each TRIV/FRIV of resource combination(s) is not used for indication of preferred/non-preferred resource set.
· First resource location(s) field carries slot offset(s) for each TRIV in resource combination(s), and the value range is (pre-)configured per resource pool
· The first resource of resource combination(s) is determined by time offset to the reference slot, where reference slot is the slot where inter-UE coordination information is transmitted by UE-A.
· The first resource of each TRIV other than the first TRIV in the resource combination(s) is determined by time offset to the last actual indicated slot in immediate previous TRIV in the resource combination(s).
· The total number of resource combination(s) N in SCI format 2-C is (pre-)configured per resource pool with value range of {1,2,3}.
· The field of resource reservation period in SCI format 2-C is always present, and is set to “0” when the transmission of preferred resource set is triggered by UE-B’s explicit request

3.1.1.1.2 [bookmark: _Ref91237145]On determination of destination UE(s)
In order to determine the destination UE(s) of coordination information, destination ID is needed, which is indicated in both 2nd stage SCI and MAC CE. MAC CE only is only used for sidelink CSI reporting in Rel-16, as specified in TS 38.321
The MAC entity shall not generate a MAC PDU for the HARQ entity if the following conditions are satisfied: 
· there is no Sidelink CSI Reporting MAC CE generated for this PSSCH transmission as specified in clause 5.22.1.7; and 
· the MAC PDU includes zero MAC SDUs.
and this works in unicast only. For unicast, there is no problem with the destination L2 ID derivation for the transmission of a MAC PDU with SL MAC CE alone since there is link connection and the peer UE’s source L2 ID can be used. But for groupcast and broadcast, the coordinating UE is not able to obtain such destination L2 ID indicated by upper layers since there is no data transmission requirements which will be associated with a destination L2 ID. Therefore, the transmission of SL MAC CE alone in a MAC PDU for groupcast and broadcast is not feasible based on current framework, unless there is a redesign work. More details can be found in our RAN2 companion paper [7].
Observation 1: Without re-designing Rel-16 MAC, the MAC CE-only transmission can only be used for unicast (since it was designed for SL CSI transmission), i.e. the UEs with PC5 RRC connection to UE-A.
However, there are only two meetings left, it is risk to complete such a re-design in both RAN1 and RAN2. In addition, since the number of receivers in broadcast and groupcast option 1 would be uncontrollable, when trigger information is transmitted from UE-B to multiple UE-A using these cast types, the corresponding signaling overhead for coordination information from multiple UE-A to UE-B would also become uncontrollable. As a result, considering the workload and already-delayed progress for inter-UE coordination in Rel-17, only unicast should be supported for transmitting inter-UE coordination information signaling in scheme 1.
Proposal 3: In Scheme 1, inter-UE coordination information signaling is transmitted for unicast only.
In RAN1#106-e, the following agreements on scheme 1 are made:
	Agreement
· 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
· 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:



Meanwhile, in RAN1#106-e, the following agreements on scheme 2 were made:
	Agreement
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
· Working assumption At least a destination UE of one of the conflicting TBs, i.e., TBs to be transmitted in the expected/potential conflicting resource(s)
· Whether a non-destination UE of a TB transmitted by UE-B can be UE-A is (pre-)configured
· FFS: Additional details and condition(s) on UE-A and 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: Definition of expected/potential resource conflict(s) and other details (if any)



Current working assumption for scheme 1 has limitation on UE-A, i.e. only a destination UE of UE-B can be UE-A, and this seems to rule out a solution with wide usage. The role of UE-A can be determined by the V2X application layer when the link is established, it does not need to be the intended receiver of UE-B to satisfy the flexibility of application scenarios. In addition, there is an inconsistency in scheme 2, where configuration flexibility is provided so that UE-A can be a non-destination UE of UE-B. And scheme 1 can be applied to wider range of scenario without the restriction of receiving SCIs from UE-B, we think it is also beneficial to add this configuration flexibility in scheme 1. Thus, the working assumption should be updated to allow configuration to allow UE-A to be a non-destination of UE-B in both schemes.
Proposal 4: Working assumption for scheme 1 is updated as follows:
· At least a destination UE of a TB transmitted by UE-B can be UE-A
· Whether a non-destination UE of a TB transmitted by UE-B with an PC5 RRC connection with UE-B can be UE-A is (pre-)configured
Confirm the above updated working assumption.
In addition, UE capability on using SCI format 2-C can be indicated in PC5-RRC.
In RAN1#106-e, for inter-UE coordination scheme 1 and scheme 2, the following (pre-)configuring/controlling features to configure UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination transmission needs to be further discussed:
· 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
In Rel-16, the link establishment for unicast and groupcast is performed at higher layer in TS 23.287, the destination ID and member ID are provided by V2X application layer and passed to PHY layer for unicast and groupcast transmission. Since the coordination procedure can only be performed after the link between UE-A and UE-B is established, thus the role of UE-A or UE-B can also be configured by higher layers during the link establishment procedure. V2X application layer can designate the role of UE-A and UE-B when the link is established. The UE-A does not need to be the intended receiver of UE-B, any UE configured by higher layer can be UE-A. With the higher layer determining UE-A and UE-B, the extra design complexity can be avoided and the impact to specification can also be minimized. On the contrary, if the role of UE-A and UE-B are configured at PHY layer, e.g., only the intended receiver of UE-B can be UE-A, then more detailed rule needs to be specified to determine UE-B. For example, how to select UE-B among multiple receiver for groupcast and when the receiver needs to transmit the coordination information to UE-B for unicast. To solve these problems, a large number of signaling exchange will be introduced, and the interference caused by transmitting these signaling cannot be avoided. 
Besides, for some hierarchical V2X scenarios, such as platooning and RSU, a header car can provide the resources for the remaining member cars in a platooning scenario, and one RSU can provide the resources for multiple Tx UEs nearby, the role of UE-A can be a non-destination UE of a TB transmitted by UE-B to help for saving power and reduce the interference, only V2X application layer have such information and can configure UE(s) to be UE-A(s). Moreover, in commercial use cases, mobile phone can help to arrange the resource coordination for the personal devices such as watch, header mounded device, etc., and it also requires application layer to configure a UE (e.g. mobile phone) to be UE-A to improve the reliability of resource allocation.
Proposal 5: The inter-UE coordination feature is enabled and controlled by higher layers (pre-)configuring which UEs are UE-As and UE-Bs, and hence send/receive coordination/trigger information.
3.1.1.1.3 [bookmark: _Ref91235173]On contents
First of all, the set of resources (preferred or non-preferred) needs to be included in the coordination information from UE-A to UE-B. The related signaling design is discussed in Section 3.1.1.1.1.
Regarding parameter(s) other than indication of the set of resources, the following questions were discussed in RAN1#106bis-e [5]. 
	Question 3-11: For preferred resource set in Scheme 1, if inter-UE coordination information is triggered by an explicit request, what parameter(s) other than indication of the set of resources are included in the inter-UE coordination information? Please provide rationales for your answer.
· Option 1: Type of resource set 
· Option 2: Identifier to identify a UE transmitting/receiving this coordination information 
· Option 3: Resource reservation interval
· Option 4: TX priority
· Option 5: Number of sub-channels
· Option 6: 
· Option 7: Start/end time of resource selection window for inter-UE coordination information 
· Option 8: Source ID indicated by other UE’s SCI
· Option 9: Levels of resources
· Option 10: RSRP measurement of other UE’s reserved resource
· Option 11: RX priority indicated by other UE’s SCI

Question 3-12: For non-preferred resource set in Scheme 1, if inter-UE coordination information is triggered by an explicit request, what parameter(s) other than indication of the set of resources are included in the inter-UE coordination information? Please provide rationales for your answer.
· Option 1: Type of resource set 
· Option 2: Identifier to identify a UE transmitting/receiving this coordination information 
· Option 3: Resource reservation interval
· Option 4: TX priority
· Option 5: Number of sub-channels
· Option 6: 
· Option 7: Start/end time of resource selection window for inter-UE coordination information 
· Option 8: Source ID indicated by other UE’s SCI
· Option 9: Levels of resources
· Option 10: RSRP measurement of other UE’s reserved resource
· Option 11: RX priority indicated by other UE’s SCI

Question 3-13: For preferred resource set in Scheme 1, if inter-UE coordination information is triggered by a condition other than explicit request reception, what parameter(s) other than indication of the set of resources are included in the inter-UE coordination information? Please provide rationales for your answer.
· Option 1: Type of resource set 
· Option 2: Identifier to identify a UE transmitting/receiving this coordination information 
· Option 3: Resource reservation interval
· Option 4: TX priority
· Option 5: Number of sub-channels
· Option 6: 
· Option 7: Start/end time of resource selection window for inter-UE coordination information 
· Option 8: Source ID indicated by other UE’s SCI
· Option 9: Levels of resources
· Option 10: RSRP measurement of other UE’s reserved resource
· Option 11: RX priority indicated by other UE’s SCI

Question 3-14: For non-preferred resource set in Scheme 1, if inter-UE coordination information is triggered by a condition other than explicit request reception, what parameter(s) other than indication of the set of resources are included in the inter-UE coordination information? Please provide rationales for your answer.
· Option 1: Type of resource set 
· Option 2: Identifier to identify a UE transmitting/receiving this coordination information 
· Option 3: Resource reservation interval
· Option 4: TX priority
· Option 5: Number of sub-channels
· Option 6: 
· Option 7: Start/end time of resource selection window for inter-UE coordination information 
· Option 8: Source ID indicated by other UE’s SCI
· Option 9: Levels of resources
· Option 10: RSRP measurement of other UE’s reserved resource
· Option 11: RX priority indicated by other UE’s SCI


It is observed that the above 4 questions and related options are same. RAN1 should strive for unified design as much as possible to minimize workload. Related issues should be discussed together to help having a unified design and also saving time for discussion.
Option 1 Type of resource set
The combination of preferred and non-preferred resources can result in two cases. Since UE-B’s behavior is different for these two cases, one bit is required to indicate these two cases, i.e., preferred resources and non-preferred resources.
Option 2: Identifier to identify a UE transmitting/receiving this coordination information
In RAN1#107-e, the following was discussed as shown in FL summary R1-2112756:
	Draft proposal 3-8:
· Source ID and destination ID for inter-UE coordination information and its request in Scheme 1 is up to RAN2 decision.


For all the source/destination ID setting issues, we think a simple and efficient way is “Source ID and Destination ID are determined by higher layer and passed to PHY”. Then, both UE-A ID and UE-B ID should be included in the coordination information to identify the role of UE-A or UE-B. After receiving the coordination information, UE-B can determine whether the information is targeted for itself by detecting these two IDs. 
Option 4: TX priority
UE-A should provide TX priority to UE-B, so that UE-B can judge if the coordination resources, which are determined by UE-A based on the parameter, match its own requirement or not. Therefore, TX priority should be included in coordination information.
Option 6 Cresel 
For , the procedure of Rel-16 can be reused, where a UE decides  based on UE implementation which is not aware of other UEs, and is assuming that the detected periodic reservation by other UEs is always valid. With same principle, both UE-A and UE-B can decide the  by UE implementation, and perform resource exclusion according to Rel-16 procedure. Therefore,  is not needed in inter-UE coordination information.
Option 7: Start/end time of resource selection window for inter-UE coordination information
Given that coordination resources are indicated by resource combination(s) and first resource location(s), thus with same TRIV and FRIV rules in Rel-16, option 7 is not necessary.
Given that scheme 1 should be only used in unicast based on previous discussions in 3.1.1.1.2, contents of SCI format 2-A need to be included in SCI format 2-C (i.e. HARQ process number, New data indicator, Redundancy version, Source ID, Destination ID, HARQ feedback enabled/disabled indicator and CSI request) to be used for decoding of PSSCH. The other fields in SCI format 2-C are related to inter-UE coordination. Resource combination(s) is used to indicate N combinations of {TRIV, FRIV, resource reservation period}. In Rel-16, TRIV/FRIV and period are up to 22 bits and 4 bits, respectively. So the max size of one combination is 26 bits. For N{1, 2, 3}, the size of this field is {26, 52, 78}, respectively. First resource location(s) is used to indicate first resource location of each TRIV. If 2 bits are used to represent a value from a set of values (pre-)configured per resource pool, the size of this field is {2, 4, 6} for N{1, 2, 3}, respectively. Therefore, for N∈{1, 2, 3}, the size of SCI format 2-C is {69, 95, 121}, respectively. In summary, the total size of SCI format 2-C is up to 121 bits, i.e., which is smaller than the 140 bits payload size limit. 
Proposal 6: The fields and size of SCI format 2-C are as follows:
 Table 1: The fields and size of SCI format 2-C
	Format
	SCI format 2-C

	Field
	Num. of bits
	Comment

	HARQ process number
	4
	Same as R16 SCI format 2-A, used to schedule TB, etc.

	New data indicator
	1
	

	Redundancy version
	2
	

	Source ID
	8
	

	Destination ID
	16
	

	HARQ feedback enabled/disabled indicator
	1
	

	CSI request
	1
	

	Resource combination(s)
	Up to 78
	To indicate N combinations of {TRIV, FRIV, resource reservation period}. N is (pre-)configured per resource pool with value range of {1,2,3}.
TRIV/FRIV is up to 22 bits and period is up to 4 bits. So the max size of one combination is 26. For N=3, the max size of this field is 78.

	First resource location(s)
	Up to 6
	To indicate first resource location of each TRIV.
Assume first resource location of each TRIV takes 2 bits and the value range is (pre-)configured per resource pool.
The max size of this field is 6 for N=3. 

	Type of resource
	1
	To indicate preferred/non-preferred

	Priority
	3
	To indicate the priority associated with the preferred/non-preferred resources.

	Sum
	Up to 121
	The size of SCI format 2-C is up to 121 bits, and is known by (pre-)configuration of the relevant fields.



For the design of MAC CE contents, same fields related to inter-UE coordination information in SCI format 2-C should be reused, except that the sizes of “resource combination(s)” and “first resource location(s)” does not need to be strictly restricted. The length of MAC CE can be indicated by MAC header, and thus the maximum number of resource combination(s) does not need to be configured, and remaining details including how many number of resource combination(s) can be decided in RAN2.
Proposal 7: Following contents are included in MAC CE for inter-UE coordination information, with detailed size up to RAN2:
· Resource combination(s)
· First resource location(s)
· Type of resource
· Priority

3.1.1.2 For explicit request
3.1.1.2.1 On container
In RAN1#107-e FL summary [6]:
	Draft proposal 5-1:
· For Scheme 1, 
· MAC CE is used as the container of request for inter-UE coordination information transmission.


The container of explicit request and inter-UE coordination information should be with unified design, although the need of MAC CE is not strong given that the size of the explicit request is much smaller compared with that of coordination information that needs to indicate resource combination(s).
The explicit request needs to be sent as quickly as possible to allow UE-A to process early. Considering processing time, the processing delay of PC5-RRC/MAC-CE would be large particularly if PSSCH is not decoded correctly which results in retransmission delay. Therefore, to guarantee the effectiveness of coordination procedure, the 2nd stage SCI is the proper container of the explicit request. When the explicit request is transmitted via 2nd stage SCI, it can be transmitted with data transmission. For the case without data transmission, the 2nd stage SCI can be transmitted together with MAC CE only. The contents of MAC CE can be filled with the contents related to explicit request, which is only used for avoiding SCI-only transmission, as same purpose in inter-UE coordination information container design. In this case, a new 2nd-stage SCI format needs to be introduced, as SCI format 2-D.
Proposal 8: The design of container for carrying the explicit request is same as for carrying inter-UE coordination information.
3.1.1.2.2 [bookmark: _Ref92218467][bookmark: _Ref91254083]On determination of destination UE(s)
For the destination UE(s) of explicit request, this is similar to the discussions of coordination information in 3.1.1.1.2, only unicast should be used. 
Proposal 9: In Scheme 1, explicit request is transmitted for unicast only.
3.1.1.2.3 On contents
In RAN1#107-e [6], the following agreements on contents of UE-B’s explicit request are 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 



When the inter-UE coordination information transmission is triggered by UE-B’s explicit request, the candidate single-slot resource(s) are determined in the same way according to Rel-16 with parameters of priority value to be used for PSCCH/PSSCH transmission, number of sub-channels and resource reservation interval to be used for PSSCH/PSCCH transmission in a slot. In addition, the starting/ending time location of resource selection window is also needed, because UE-B should inform UE-A of its requirement of resource selection window so that UE-A can provide UE-B with potential resources, or UE-A’s inter-UE coordination information would be useless.  
Proposal 10: For Scheme 1 explicit request based procedure, the starting/ending time of resource selection window should be additionally included in the request signaling from UE-B.
The SCI format 2-D should additional include:
· Resource selection window - bits: The starting position and the duration of UE-B’s resource selection window,  is the maximum window size
· The resource selection window is determined by  and  as illustrated in Figure 2, where  is the interval between the slot transmitting the explicit request and starting slot of the resource selection window, and  refers to the duration of the resource selection window. UE-A can determine the coordination resource within the provided window in explicit request. The indication of  and  is similar with TRIV in Rel-16. For indication  and , the following function is used:

[image: ]
[bookmark: _Ref92181928]Figure 2: The indication for the resource selection window
There is also proposal to include , however, similar as what has been discussed in contents of inter-UE coordination information, the procedure of Rel-16 can be reused, and both UE-A and UE-B can decide the  by UE implementation, and perform resource exclusion according to Rel-16 procedure. Therefore,  is not needed in the explicit request.
As discussed in 3.1.1.2.2, only unicast should be used. Similarly, contents of SCI format 2-A need to be included in SCI format 2-D (i.e. HARQ process number, New data indicator, Redundancy version, Source ID, Destination ID, HARQ feedback enabled/disabled indicator, CSI request) to be used for decoding of PSSCH. The other fields in SCI format 2-D are related to explicit request. Sub-channel size is configured by sl-NumSubchannel per resource pool and the max size of this field is 5 bits. For resource selection window, the maximum value is determined by the remaining packet delay budget, which is indicated by sl-PacketDelayBudget ranging from 0 to 1023 in unit of 0.5ms. Therefore, for the case of 120 kHz SCS, the size of resource selection window is up to 23 bits (M=4092 slots). In summary, the total size of 2nd SCI 2D is up to 68 bits, i.e., much smaller than the 140 bits payload size limit. 
Proposal 11: The new 2nd stage SCI format 2D in Table 2 are used to indicate the explicit request in scheme 1 and the contents of SCI format 2-D should be as follows:
[bookmark: _Ref91236866]Table 2: The total contents and size of format SCI format 2-D
	Format
	SCI format 2-D

	Field
	Num. of bits
	Comment

	HARQ process number
	4
	Same as R16 SCI 2-A, used to schedule TB, etc.

	New data indicator
	1
	

	Redundancy version
	2
	

	Source ID
	8
	

	Destination ID
	16
	

	HARQ feedback enabled/disabled indicator
	1
	

	CSI request
	1
	

	Sub-channel size
	Up to 5
	Up to 27 sub-channels per resource pool configuration sl-NumSubchannel

	Resource selection window
	Up to 23
	Given that the maximum PDB (sl-PacketDelayBudget) is 511.5ms. So maximum window size M is 4092 for 120 kHz SCS.

	Priority
	3
	To indicate the priority associated with the preferred/non-preferred resources.

	Period
	Up to 4
	(Pre-)configured by sl-ResourceReservePeriodList.

	Sum
	Up to 68
	


[bookmark: _Ref90979175]For the design of MAC CE contents, same fields related to explicit request in SCI format 2-D should be reused. Any remaining details can be decided in RAN2.
Proposal 12: Following contents should be included in MAC CE for explicit request:
· Sub-channel size
· Resource selection window
· Period 
· Priority

3.1.2 On behavior of UE-B receiving resource set(s) from UE-A(s)
In RAN1#106-e, the following agreements on UE-B’s behavior after receiving the coordination information from UE-A are made for inter-UE coordination scheme 1:
	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 non-preferred resource set, 
· 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 excludes in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set
· FFS: Details including
· Whether/how UE-B can use in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set, definition of the overlap, and other details (if any)
· When UE-B excludes in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set
· FFS: UE-B reselects in its resource (re-)selection, resource(s) to be used for its transmission when the resource(s) are fully/partially overlapping with the non-preferred resource set
· FFS: Other option(s), and other details (if any)



In RAN1#107-e FL summary [6]: 
	Draft proposal 1-2: 
When MAC CE is used as the container of inter-UE coordination information transmission: 
· For Option A of Scheme 1 with preferred resource set, 
·  report from PHY layer of UE-B is the same as the outcome after Step 7) of Rel-16 TS 38.214 Section 8.1.4
· MAC layer selects resources using  and the received preferred resource set
· MAC layer firstly selects resources for transmissions within the intersection of  and the preferred resource set until it becomes impossible to select a resource within the intersection under the constraint defined in Rel-16.
· After this, if the number of selected resources is smaller than the required number of transmissions for a TB, MAC layer selects resources for the remaining transmissions outside the intersection but inside 
· For Option B of Scheme 1 with preferred resource set, 
· MAC layer selects resources belonging to the received preferred resource set
When 2nd SCI is used as the container of inter-UE coordination information transmission:
Alt 1:
· For Option A of Scheme 1 with preferred resource set, 
· PHY layer at UE-B reports both the intersection set between the preferred resource set and  obtained after Step 7) of Rel-16 TS 38.214 Section 8.1.4 and the  to higher layer for its resource (re-)selection
· MAC layer selects resources using  and the intersection set
· MAC layer firstly selects resources for transmissions within the intersection set until it becomes impossible to select a resource within the intersection under the constraint defined in Rel-16.
· After this, if the number of selected resources is smaller than the required number of transmissions for a TB, MAC layer selects resources for the remaining transmissions outside the intersection but inside 
· For Option B of Scheme 1 with preferred resource set,
· PHY layer at UE-B reports the preferred resource set
· MAC layer selects resources belonging to the received preferred resource set
Alt 2:
· For Option A of Scheme 1 with preferred resource set, 
· PHY layer at UE-B reports both the preferred resource set and  obtained after Step 7) of Rel-16 TS 38.214 Section 8.1.4
· MAC layer selects resources using  and the received preferred resource set
· MAC layer firstly selects resources for transmissions within the intersection set until it becomes impossible to select a resource within the intersection under the constraint defined in Rel-16.
· After this, if the number of selected resources is smaller than the required number of transmissions for a TB, MAC layer selects resources for the remaining transmissions outside the intersection but inside 
· For Option B of Scheme 1 with preferred resource set,
· PHY layer at UE-B reports the preferred resource set
· MAC layer selects resources belonging to the received preferred resource set


The UE-B behavior on how to select resources based on  (if it has sensing result, i.e. scheme 1 preferred resource set option A) and received preferred resource set can be designed in a unified manner, where MAC layer handles the resource selection and PHY layer determines the total available candidate resource set, i.e. reusing Rel-16 sensing and selection principle. This can avoid unnecessary specification effort on introduction of PHY layer resource selection procedure in addition to MAC layer resource selection procedure. Given that MAC CE is always used to carry inter-UE coordination information, it seems straightforward that MAC layer can handle the selection procedure based on both  reported from PHY layer and received preferred resource set without need of further interaction with PHY. On the other hand, when SCI format 2-C is used, i.e. inter-UE coordination information can be additionally obtained at PHY layer, PHY layer can report received preferred resource set conveyed on SCI format 2-C in addition to  to MAC layer for resource selection. 
The procedure of scheme 1 preferred resource set option B can be same as that of scheme 1 preferred resource set option A, except that MAC layer can select resources belonging to the received preferred resource set without need of . 
Proposal 13: 
· For Option A of Scheme 1 with preferred resource set, 
· PHY layer at UE-B reports both the preferred resource set (when it is obtained by decoding of SCI format 2-C) and  obtained after Step 7) of Rel-16 TS 38.214 Section 8.1.4
· MAC layer selects resources using  and the received preferred resource set
· MAC layer firstly selects resources for transmissions within the intersection set until it becomes impossible to select a resource within the intersection under the constraint defined in Rel-16.
· After this, if the number of selected resources is smaller than the required number of transmissions for a TB, MAC layer selects resources for the remaining transmissions outside the intersection but inside 
· For Option B of Scheme 1 with preferred resource set,
· PHY layer at UE-B reports the preferred resource set when it is obtained by decoding of SCI format 2-C.
· MAC layer selects resources belonging to the received preferred resource set.

3.1.3 On resource selection for coordination information and explicit request  
In RAN1#106-e, the following agreement was 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)


In RAN1#107-e, FL summary [6]:
	Draft proposal 3-15:
· For Scheme 1, 
· UE-A performs its resource (re)selection procedure in the same way according to Rel-16 TS 38.214 Section 8.1.4 to transmit the inter-UE coordination information to UE-B. 
· UE-B performs its resource (re)selection procedure in the same way according to Rel-16 TS 38.214 Section 8.1.4 to transmit the request for the inter-UE coordination information to UE-A if UE-B supports sensing/resource exclusion. Otherwise, at least UE-B can perform random selection




It seems the case for Scheme 1 Option B (i.e., UE-B does not support sensing/resource exclusions) is not fully captured. For example, it’s unclear how UE-B decides where to receive UE-A’s coordination information. If UE-B does blind SCI decoding on every slot, the power consumption would be high. To avoid such high power consumption, we suggest a simple way as below:
If a UE-B intends to reduce power consumption, it can indicate to UE-A via PC5-RRC it is capable of option B operation of preferred resource set, and the power consumption can be reduced due to that UE-B does not perform sensing nor decoding SCI in every slot. UE-A can configure via PC5-RRC a set of consecutive logical slots (i.e. a time window) within the resource pool during which UE-A will provide the preferred resource set to UE-B. Thus UE-B does not sense for resource selection in these consecutive logical slots, but uses the preferred resource set only for transmissions. In addition, UE-B only needs to decode the SCIs as indicated by UE-A via PC5-RRC to receive the inter-UE coordination information, and skips decoding SCI otherwise, as shown in Figure 3.
[image: C:\Users\z00605371\AppData\Roaming\eSpace_Desktop\UserData\z00605371\imagefiles\ED4AD53F-D1BE-49F6-9A2A-B640706CB86F.png]
[bookmark: _Ref90994454]Figure 3: UE-B uses UE-A’s indicated resources during coordination window
Proposal 14: For Scheme 1, 
· UE-A performs its resource (re)selection procedure in the same way according to Rel-16 TS 38.214 Section 8.1.4 to determine the resource for transmitting the inter-UE coordination information to UE-B.
· UE-B performs its resource (re)selection procedure in the same way according to Rel-16 TS 38.214 Section 8.1.4 to transmit the request for the inter-UE coordination information to UE-A if UE-B supports sensing/resource exclusion. Otherwise, UE-B performs random selection, or uses resources indicated by UE-A to transmit for the request to UE-A and receive the inter-UE coordination information from UE-A.
3.2 Inter-UE coordination scheme 2
3.2.1 On determination of PSFCH resource/index for conflict indication
In RAN1#106bis-e, the following agreements on PSFCH resource are made for inter-UE coordination scheme 2: 
	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
·  is L1-Source ID indicated by UE-B’s SCI
·  is 0
· FFS: How to set 
· FFS: How to set 
· FFS: Whether  can be (pre)configured



One remaining issue is how to set  to indicate different resource conflict cases. 
Generally, the resource conflict conditions include many cases, e.g., conflict happens on one, or two, or multiple of those dynamically and/or periodically reserved resources by UE-B, no UE transmitted SCI with periodic reservation on the non-monitored slot of UE-B and half-duplex issue of Condition 2-A-2. Considering the signaling overhead, we propose 5 cyclic shifts are needed to indicate the resource conflict cases above. Details are given below:

3 cyclic shifts for Condition 2-A-1 case 1 (overlapping between UE-B’s and other UEs’ reserved resource(s) )
In non-monitored slot case, UE-B has no sensing information about the non-monitored slots, i.e., the slots on which UE-B has performed transmission. If UE-A can provide some information about the non-monitored slots, the gains provided by such conflict indication from UE-A can further reduce UE-B’s resource conflict. For example, as shown in Figure 4, where UE-B transmits on slot n and it reserves the same sub-channels in slot m, assume UE-C also transmits on slot n and it reserves resource in slot m. In this case, the collision cannot be detected by UE-B itself by pre-emption check, thus the conflict indication from UE-A might be useful to trigger the re-selection at UE-B. 
Observation 2: It seems more beneficial for UE-A to provide coordination information about the slots where UE-B does not monitor, given that UE-B does not know resources reservation from other UEs on non-monitored slots.
[image: ]
Figure 4: Expected resource conflict in non-monitored slot case
In Rel-16, resources are excluded based on resource overlapping as well as RSRP measurement, i.e. the UE will exclude those overlapped (fully/partially) resources whose RSRP measurement of corresponding PSCCH/PSSCH DMRS (depends on configuration) is above a RSRP threshold, which further depends on the priority values of to-be-transmitted and monitored SCIs. With this principle, UE-A can use UE-B’s priority as to-be-transmitted priority to determine whether UE-B’s reserved resources is collided with other UEs (resource overlapped and RSRP measurement is above threshold).
Proposal 15: Expected resource conflict(s) are defined as the resource reservation collision between UE-B and other UEs, which is detected by UE-A on UE-B’s non-monitored slots, where collisions is determined same as in Rel-16, i.e. resources overlapped and RSRP measurement is above the threshold.
According to R16 NR-V design, by transmitting SCI, a UE can reserve up to two resources for re-transmissions (i.e., dynamic reservation), and reserve periodic resources for transmitting different TBs (i.e., periodic reservation), as illustrated in Figure 5. The collision of reserved periodic resource(s) of these different TBs and other UE’s reserved resource(s) can be indicated by UE-A’s coordination information accordingly. This includes which reserved resources (e.g. 2nd or 3rd indicated resource or periodic reserved resource, or any combination of those) of UE-B are collided with other UEs.
 [image: ]
[bookmark: _Ref90994569]Figure 5: Illustration of UE-B’s resource conflict situations
The different conflict cases need to be indicated separately. If the conflict indication does not differentiate different conflict situations and UE-B reselects all the dynamically and periodically reserved resources when receiving the conflict indication, there could be some unnecessary reselection since some reserved resources may have no conflicts, and thus cause waste of resources, increased delay, higher collision chance due to unreserved transmission, etc. On the other hand, it is hard to indicate all the conflicting cases due to the limited signaling overhead of scheme 2. Therefore, a simple way is that UE-A indicates the conflict situation about the next up to two reserved resources of UE-B. 
For example, as shown in Figure 5, assume UE-A detects UE-B’s 3rd reserved resource collides with other UEs and send conflict indication before UE-B’s 2nd reserved resource. Then, UE-B can re-select the 3rd resource before actually transmitting on the 2nd reserved resource, and the re-selected 3rd resource can be indicated in the SCI transmitted on the 2nd resource. Thus, the chain reservation is guaranteed.
Additionally, for the resource selection in MAC layer, it is limited by the minimum time gap of PSFCH, the maximum gap among resources indicated in SCI, and the remaining PDB. It is easier to meet the above requirements when re-selecting two resources together, instead of re-selecting two resources separately.
As there are three cases for the conflict situation of the 2nd and 3rd resource, 3 cyclic shifts are needed to distinguish the three cases. UE-B should re-select such conflicted resources upon receiving such indication.
Proposal 16: The contents of expected conflict indication contains indications of overlapping between UE-B’s and other UEs’ reserved resource(s). UE-A differentiates following different conflict situations for UE-B to reselect conflicted resources:
· UE-A transmits expected conflict indication with  value#1 to imply ‘the 2nd resource (if exists) indicated in UE-B’s SCI is conflicted’.
· UE-A transmits expected conflict indication with  value#2 to imply ‘the 3rd resource (if exists) indicated in UE-B’s SCI is conflicted’.
· UE-A transmits expected conflict indication with  value#3 to imply ‘both 2nd and 3rd resources (if exist) indicated in UE-B’s SCI are conflicted’.

1 cyclic shift for Condition 2-A-1 case 2 (indication related to step 5)
As shown in Figure 6, UE-B would exclude, with respect to the non-monitored slot k, all the sub-channels on slots which are associated with all (pre)-configured periodicities (in this case, reservation period P1 and P2) from the initialized candidate resource according to Rel-16 sensing procedure step 5. In scheme 2, UE-A can indicate coordination information on PSFCH resource which is associated with UE-B’s PSSCH, where UE-A determines whether there is a SCI transmitted from other UEs on UE-B’s non-monitored slot with periodic reservation. If UE-A detects no UE transmitted SCI with periodic reservation on UE-B’s non-monitored slot, it indicates to UE-B about this. In this case, UE-B does not need to perform step 5, which is an aggressive approach to exclude all the sub-channel in those slots due to non-monitored as defined in Rel-16. This can avoid excluding resources from step 5, and thus avoid a too-high RSRP threshold to meet X% requirement in step 7, and therefore reduce the interference level and improve PRR performance. Therefore, 1 cyclic shift is needed for Condition 2-A-1 on the non-monitored slot of UE-B.
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[bookmark: _Ref90994613]Figure 6 Coordination information of UE-A for non-monitored slots
Proposal 17: The contents of expected conflict indication contains indication of whether there is periodic reservation from other UEs on UE-B’s non-monitored slots. Upon receiving such indication, UE-B does not exclude resources in step 5 of sensing procedure. UE-A indicates following conflict situation for UE-B to determine resource exclusion in step 5:
· 	UE-A transmits expected conflict indication with value#4 to imply ‘no UE transmitted SCI with periodic reservation on the non-monitored slot of UE-B’.

1 cyclic shift for Condition 2-A-2 (half-duplex indication)
For condition 2-A-2, considering half-duplex operation, when UE-B’s reservation resources overlap with UE-A’s transmission resources, where UE-A is the intended receiver of UE-B, UE-A cannot receive UE-B’s information due to half-duplex operation as illustrated in Figure 7. Therefore, UE-A determines the sub-channel status according to its sensing results by decoding UE-B’s SCI, and indicates coordination information whether collision occurs in its PSFCH resources. If UE-B receives such indication, UE-B should exclude the slot(s) and re-select reserved slot(s) during re-selection procedure. Therefore, 1 cyclic shift is needed for Condition 2-A-2.
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[bookmark: _Ref90994649]Figure 7: Coordination information of UE-A for half-duplex operation
Proposal 18: The contents of expected conflict indication contains indication of slot where half-duplex occurs for UE-A. Upon receiving such indication, UE-B re-selects resources belonging to that slot, and the re-selected resources shall not be on that slot. UE-A indicates following conflict situation for half-duplex issue:
· UE-A transmits expected conflict indication with value#5 to imply ‘half-duplex occurs for UE-A’.         
Assume UE-A is the destination UE of UE-B and does not successfully decode the transmission from UE-B. If UE-A identifies collisions between UE-B’s reserved resources and other UEs, UE-A shall indicate expected resource conflict to UE-B to re-select resources. Otherwise, retransmission may still fail since the reserved resource for retransmission has collision.
Proposal 19: For condition 2-A-1/2-A-2, UE-A shall transmit expected/potential resource conflict to UE-B, if the UE-A does not successfully decode the transmission from UE-B, when UE-A is an intended receiver of UE-B
Summary
Based on the analysis above, 5 out of 12 cyclic shift values which are configured for PSFCH resources of HARQ-ACK can be used to indicate the 5 different conflict situations, e.g. {0,2,4,6,8}. The following proposal is given.
Proposal 20: The following 5 are needed for expected conflict indication and related UE-B’s behaviors are defined as following Table 3.
[bookmark: _Ref91249987][bookmark: _Ref91249984]Table 3: Set of expected conflict indications for inter-UE coordination scheme 2
	Cyclic Shift Index
	
	Meaning of such conflict indication

	Cyclic Shift Index 1
	0
	Only the 2nd resource indicated in UE-B’s SCI is conflicted

	Cyclic Shift Index 2
	2
	Only the 3rd resource indicated in UE-B’s SCI is conflicted

	Cyclic Shift Index 3
	4
	Both 2nd and 3rd resources indicated in UE-B’s SCI are conflicted

	Cyclic Shift Index 4
	6
	No UE transmitted SCI with periodic reservation on the non-monitored slot of UE-B

	Cyclic Shift Index 5
	8
	Half-duplex occurs for UE-A



3.2.2 On UE-B’s behavior receiving a conflict indication from UE-A
In RAN1#107-e FL summary [6]:
	Draft proposal 5-8: 
· For Scheme 2, 
· Among reserved resoruces indicated by UE-B’s SCI, PHY layer at UE-B reports resource(s) indicated by conflict indicator and  as specified in Rel-16 TS 38.214 Section 8.1.4 to higher layer. 
· Higher layer at UE-B re-selects the reported resource(s) among the  excluding the reported resource(s).



UE-B’s behavior should be based on type of received conflict indication on PSFCH, i.e., UE-B reselects the resource according to different  value indicated in the coordination information as shown in Table 4.
Proposal 21: For Scheme 2, UE-B performs exclusion of the candidate single-slot resources overlapping with resources corresponding to the expected/potential resource conflict taking following behavior according to the   values:
[bookmark: _Ref92204972]Table 4: UE-B’s behavior for inter-UE coordination scheme 2
	Cyclic Shift Index
	
	UE-B’s behavior upon receiving such indication

	Cyclic Shift Index 1
	0
	Re-select 2nd reserved resources indicated as collision by UE-A

	Cyclic Shift Index 2
	2
	Re-select 3rd reserved resources indicated as collision by UE-A

	Cyclic Shift Index 3
	4
	Re-select 2nd and 3rd reserved resources indicated as collision by UE-A

	Cyclic Shift Index 4
	6
	UE-B skips step 5 as indicated by UE-A

	Cyclic Shift Index 5
	8
	UE-B re-selects resources belonging to that slot, and the re-selected resources shall not be on that slot.



4 Non-cross-WG issues
The issues in this section can be deprioritized in this meeting since they have no cross-WG impact. These issues need to be discussed but can be solved simply by reuse Rel-16 design/limited specification impact or by UE implementation, which can be further discussed in RAN1#108-e.
4.1 Inter-UE coordination scheme 1
4.1.1 When and with which information UE-A generates and/or transmits an inter-UE coordination information
UE-A generates inter-UE coordination information when it acquires corresponding information and this can be up to UE-A implementation. The coordination information should be provided by UE-A in time, so it can be helpful for UE-B to determine its resources for transmission in its resource selection window; otherwise, it is too late for UE-B to take this coordination information into account. Thus, the coordination latency bound is needed for UE-A to provide coordination information. It is a certain time bound between the beginning of UE-B’s selection window and trigger information indicating the latest time for UE-A to provide the coordination information. The coordination latency bound can be configured via PC5-RRC, similar as CSI report latency bound as defined in Rel-16. Similarly, for non-request based procedures, UE-A needs to transmit the coordination information before the latency bound between coordination information and the first candidate resource time. 
In order to guarantee the validity of coordination information, UE-A needs to perform sensing and select candidate resource(s) for UE-B with the sensing results as fresh as possible. The coordination selection window to determine preferred/non-preferred resources should start after the slot of coordination information transmission. Three points in time associated with the inter-UE coordination need to consider the sensing results between slot n’ and the slot m.
· Slot n’: UE-A receives the explicit request, or condition is met in non-explicit request case
· Slot m: UE-A sends the coordination information
· Slot k: slot of 1st preferred/non-preferred resource
To keep the sensing results as fresh as possible, new sensing result between slot n’ and slot m should be also considered, the coordination sensing window should be set based on the slot of coordination information transmission. The sensing window is set as , where  and  are reused from Rel-16. The window where UE-A monitors other UE’s SCI for determining the set of resources is set as.
4.1.2 On when UE-B generates and/or transmits an explicit request
For the inter-UE coordination information scheme 1, decision for triggering the inter-UE coordination procedure is mainly up to needs of resource selection policy, which is beyond the RAN1’s decision. And we don’t see the necessity of the options that may need a lot of additional specification work. We suggest not to discuss these options in RAN1#107b-e or we can just leave it to UE-implementation.
4.1.3 On prioritization of inter-UE coordination information and explicit request
The Rel-16 prioritization rule can be reused for prioritization of inter-UE coordination information and explicit request when the priority of inter-UE coordination information and explicit request is known. The priority settings of coordination information and explicit request are summarized in Table 5.
[bookmark: _Ref92734886]Table 5: Priority settings of coordination information and explicit request
	
	Priority in request based procedure
	Priority in non-request based procedure

	Priority value of the explicit request
	Same value as priority value to be used for UE-B’s PSCCH/PSSCH transmission
	Irrelevant

	Priority value of the inter-UE coordination information
	Same value as priority value of UE-B’s explicit request
	Determined by UE-A’s implementation

	Priority value that UE-A uses to determine preferred/non-preferred resources
	Same value as priority value of UE-B’s explicit request
	Determined by UE-A’s implementation


4.1.4 On combination of preferred/non-preferred resources with explicit request/condition triggers
The combination of preferred/non-preferred resources with explicit request/condition triggers is not necessary. It also works if the features are configured or enabled separately. We don’t see the benefit of further optimization. Therefore, no additional optimization is needed.
4.2 Inter-UE coordination scheme 2
4.2.1 On how to determine UE-B among UEs scheduling conflicting TBs 
In RAN1#107-e, there was a working assumption that a UE with the higher priority value is UE-B. One remaining issue is whether/how to set additional condition for UE-A to send PSFCH.
For example, if PSFCH occasion for conflict indication reception has not passed only for one of UEs scheduling conflicting TBs, comparing priority values of conflicting UEs becomes meaningless since other conflicting UEs’ PSFCH occasion has already passed so that they cannot become UE-B. Therefore, in this case, the UE whose PSFCH occasion has not passed should be determined as UE-B.
4.2.2 On prioritization of conflict indication
[bookmark: _GoBack]The resources for conflict indication and HARQ information may be configured on the same symbol. There will be new Tx/Rx collision, Tx/Tx collision and Rx/Rx collision between HARQ and conflict indicator. SL HARQ-ACK is a fundamental feature for reliability in NR, whilst the conflict indication is an enhanced function for reliability improvement over NR Rel-16, and thus PSFCH TX/RX for SL HARQ-ACK feedback should be always prioritized over PSFCH TX/RX for inter-UE coordination scheme 2 conflict indication.
5 Conclusions 
In this contribution, we discussed the enhancement for mode 2 resource allocation in Rel-17 sidelink enhancement.  We have the following observations and proposals: 
Observation 1: Without re-designing Rel-16 MAC, the MAC CE-only transmission can only be used for unicast (since it was designed for SL CSI transmission), i.e. the UEs with PC5 RRC connection to UE-A.

Observation 2: It seems more beneficial for UE-A to provide coordination information about the slots where UE-B does not monitor, given that UE-B does not know resources reservation from other UEs on non-monitored slots.

Proposal 1: RAN1#107bis-e should only discuss cross-WG issues with RRC/MAC impact, as follows:
· For 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 behavior of UE-B receiving resource set(s) from UE-A(s)
· Finalization of resource selection for UE-A’s inter-UE coordination information and UE-B’s explicit request
· For scheme 2
· Finalization of determination of PSFCH resource/index for conflict indication
· Finalization of behavior of UE-B receiving a conflict indication from UE-A

Proposal 2: For the indication of resource set, the following is supported:
· The first resource in each TRIV/FRIV of resource combination(s) is not used for indication of preferred/non-preferred resource set.
· First resource location(s) field carries slot offset(s) for each TRIV in resource combination(s), and the value range is (pre-)configured per resource pool
· The first resource of resource combination(s) is determined by time offset to the reference slot, where reference slot is the slot where inter-UE coordination information is transmitted by UE-A.
· The first resource of each TRIV other than the first TRIV in the resource combination(s) is determined by time offset to the last actual indicated slot in immediate previous TRIV in the resource combination(s).
· The total number of resource combination(s) N in SCI format 2-C is (pre-)configured per resource pool with value range of {1,2,3}.
· The field of resource reservation period in SCI format 2-C is always present, and is set to “0” when the transmission of preferred resource set is triggered by UE-B’s explicit request

Proposal 3: In Scheme 1, inter-UE coordination information signaling is transmitted for unicast only.

Proposal 4: Working assumption for scheme 1 is updated as follows:
· At least a destination UE of a TB transmitted by UE-B can be UE-A
· Whether a non-destination UE of a TB transmitted by UE-B with an PC5 RRC connection with UE-B can be UE-A is (pre-)configured
Confirm the above updated working assumption.

Proposal 5: The inter-UE coordination feature is enabled and controlled by higher layers (pre-)configuring which UEs are UE-As and UE-Bs, and hence send/receive coordination/trigger information.

Proposal 6: The fields and size of SCI format 2-C are as follows:
 Table 1: The fields and size of SCI format 2-C
	Format
	SCI format 2-C

	Field
	Num. of bits
	Comment

	HARQ process number
	4
	Same as R16 SCI format 2-A, used to schedule TB, etc.

	New data indicator
	1
	

	Redundancy version
	2
	

	Source ID
	8
	

	Destination ID
	16
	

	HARQ feedback enabled/disabled indicator
	1
	

	CSI request
	1
	

	Resource combination(s)
	Up to 78
	To indicate N combinations of {TRIV, FRIV, resource reservation period}. N is (pre-)configured per resource pool with value range of {1,2,3}.
TRIV/FRIV is up to 22 bits and period is up to 4 bits. So the max size of one combination is 26. For N=3, the max size of this field is 78.

	First resource location(s)
	Up to 6
	To indicate first resource location of each TRIV.
Assume first resource location of each TRIV takes 2 bits and the value range is (pre-)configured per resource pool.
The max size of this field is 6 for N=3. 

	Type of resource
	1
	To indicate preferred/non-preferred

	Priority
	3
	To indicate the priority associated with the preferred/non-preferred resources.

	Sum
	Up to 121
	The size of SCI format 2-C is up to 121



Proposal 7: Following contents are included in MAC CE for inter-UE coordination information, with detailed size up to RAN2:
· Resource combination(s)
· First resource location(s)
· Type of resource
· Priority

Proposal 8: The design of container for carrying the explicit request is same as for carrying inter-UE coordination information.

Proposal 9: In Scheme 1, explicit request is transmitted for unicast only.

Proposal 10: For Scheme 1 explicit request based procedure, the starting/ending time of resource selection window should be additionally included in the request signaling from UE-B.

Proposal 11: The new 2nd stage SCI format 2D in Table 2 are used to indicate the explicit request in scheme 1 and the contents of SCI format 2-D should be as follows:
Table 2: The total contents and size of format SCI format 2-D
	Format
	SCI format 2-D

	Field
	Num. of bits
	Comment

	HARQ process number
	4
	Same as R16 SCI 2-A, used to schedule TB, etc.

	New data indicator
	1
	

	Redundancy version
	2
	

	Source ID
	8
	

	Destination ID
	16
	

	HARQ feedback enabled/disabled indicator
	1
	

	CSI request
	1
	

	Sub-channel size
	Up to 5
	Up to 27 sub-channels per resource pool configuration sl-NumSubchannel

	Resource selection window
	Up to 23
	Given that the maximum PDB (sl-PacketDelayBudget) is 511.5ms. So maximum window size M is 4092 for 120 kHz SCS.

	Priority
	3
	To indicate the priority associated with the preferred/non-preferred resources.

	Period
	Up to 4
	(Pre-)configured by sl-ResourceReservePeriodList.

	Sum
	Up to 68
	



Proposal 12: Following contents should be included in MAC CE for explicit request:
· Sub-channel size
· Resource selection window
· Period 
· Priority

Proposal 13: 
· For Option A of Scheme 1 with preferred resource set, 
· PHY layer at UE-B reports both the preferred resource set (when it is obtained by decoding of SCI format 2-C) and  obtained after Step 7) of Rel-16 TS 38.214 Section 8.1.4
· MAC layer selects resources using  and the received preferred resource set
· MAC layer firstly selects resources for transmissions within the intersection set until it becomes impossible to select a resource within the intersection under the constraint defined in Rel-16.
· After this, if the number of selected resources is smaller than the required number of transmissions for a TB, MAC layer selects resources for the remaining transmissions outside the intersection but inside 
· For Option B of Scheme 1 with preferred resource set,
· PHY layer at UE-B reports the preferred resource set when it is obtained by decoding of SCI format 2-C.
· MAC layer selects resources belonging to the received preferred resource set.

Proposal 14: For Scheme 1, 
· UE-A performs its resource (re)selection procedure in the same way according to Rel-16 TS 38.214 Section 8.1.4 to determine the resource for transmitting the inter-UE coordination information to UE-B.
· UE-B performs its resource (re)selection procedure in the same way according to Rel-16 TS 38.214 Section 8.1.4 to transmit the request for the inter-UE coordination information to UE-A if UE-B supports sensing/resource exclusion. Otherwise, UE-B performs random selection, or uses resources indicated by UE-A to transmit for the request to UE-A and receive the inter-UE coordination information from UE-A.

Proposal 15: Expected resource conflict(s) are defined as the resource reservation collision between UE-B and other UEs, which is detected by UE-A on UE-B’s non-monitored slots, where collisions is determined same as in Rel-16, i.e. resources overlapped and RSRP measurement is above the threshold.

Proposal 16: The contents of expected conflict indication contains indications of overlapping between UE-B’s and other UEs’ reserved resource(s). UE-A differentiates following different conflict situations for UE-B to reselect conflicted resources:
· UE-A transmits expected conflict indication with  value#1 to imply ‘the 2nd resource (if exists) indicated in UE-B’s SCI is conflicted’.
· UE-A transmits expected conflict indication with  value#2 to imply ‘the 3rd resource (if exists) indicated in UE-B’s SCI is conflicted’.
· UE-A transmits expected conflict indication with  value#3 to imply ‘both 2nd and 3rd resources (if exist) indicated in UE-B’s SCI are conflicted’.

Proposal 17: The contents of expected conflict indication contains indication of whether there is periodic reservation from other UEs on UE-B’s non-monitored slots. Upon receiving such indication, UE-B does not exclude resources in step 5 of sensing procedure. UE-A indicates following conflict situation for UE-B to determine resource exclusion in step 5:
· 	UE-A transmits expected conflict indication with value#4 to imply ‘no UE transmitted SCI with periodic reservation on the non-monitored slot of UE-B’.

Proposal 18: The contents of expected conflict indication contains indication of slot where half-duplex occurs for UE-A. Upon receiving such indication, UE-B re-selects resources belonging to that slot, and the re-selected resources shall not be on that slot. UE-A indicates following conflict situation for half-duplex issue:
· UE-A transmits expected conflict indication with value#5 to imply ‘half-duplex occurs for UE-A’.                

Proposal 19: For condition 2-A-1/2-A-2, UE-A shall transmit expected/potential resource conflict to UE-B, if the UE-A does not successfully decode the transmission from UE-B, when UE-A is an intended receiver of UE-B

Proposal 20: The following 5 are needed for expected conflict indication and related UE-B’s behaviors are defined as following Table 3.
Table 3: Set of expected conflict indications for inter-UE coordination scheme 2
	Cyclic Shift Index
	
	Meaning of such conflict indication

	Cyclic Shift Index 1
	0
	Only the 2nd resource indicated in UE-B’s SCI is conflicted

	Cyclic Shift Index 2
	2
	Only the 3rd resource indicated in UE-B’s SCI is conflicted

	Cyclic Shift Index 3
	4
	Both 2nd and 3rd resources indicated in UE-B’s SCI are conflicted

	Cyclic Shift Index 4
	6
	No UE transmitted SCI with periodic reservation on the non-monitored slot of UE-B

	Cyclic Shift Index 5
	8
	Half-duplex occurs for UE-A




Proposal 21: For Scheme 2, UE-B performs exclusion of the candidate single-slot resources overlapping with resources corresponding to the expected/potential resource conflict taking following behavior according to the   values:
Table 4: UE-B’s behavior for inter-UE coordination scheme 2
	Cyclic Shift Index
	
	UE-B’s behavior upon receiving such indication

	Cyclic Shift Index 1
	0
	Re-select 2nd reserved resources indicated as collision by UE-A

	Cyclic Shift Index 2
	2
	Re-select 3rd reserved resources indicated as collision by UE-A

	Cyclic Shift Index 3
	4
	Re-select 2nd and 3rd reserved resources indicated as collision by UE-A

	Cyclic Shift Index 4
	6
	UE-B skips step 5 as indicated by UE-A

	Cyclic Shift Index 5
	8
	UE-B re-selects resources belonging to that slot, and the re-selected resources shall not be on that slot.
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