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1 Introduction
Inter-UE coordination in Rel-17 NR sidelink mode2 is to share resource allocation information among the UEs communicating with each other. In Rel-16 NR sidelink mode2, only TX UE performs resource allocation by sensing and resource selection procedure. On the other hand, in Rel-17 NR sidelink mode2, other UE(s) can provide resource selection assistance information (RSAI) to TX UE in the help of inter-UE coordination. However, the status on this work item was reported that the progress is behind schedule [1]. Therefore, the following were endorsed in RAN#94-e meeting [2] as RAN guidance:
· 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
· 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
Based on the progress achieved in RAN1#107bis-e [3], in this contribution, we provide our view for timely completion of this work item by focusing on the remaining open issues listed in [1].
2 Discussion on inter-UE coordination
2.1 Scheme 1
Open issue #1 from RP-212880
· 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
In RAN1#107bis-e meeting [3], the following agreements were made for containers of UE-A’s inter-UE coordination information as
· 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]
According to the above agreement, there are square brackets as [N <= 3] and [N=3] which need to be finalized. We support the value ‘3’ and suggest to remove the square brackets.
Proposal 1: Remove the square brackets in the following agreement:
· 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]
Also, the above agreement does not provide an information what is the maximum value of N. For MAC CE size determination, we need to decide the maximum N value. Since this is RAN1 leading issue, it would be desirable that RAN1 provides the maximum value of N.
Observation 1: RAN1 need to discuss the maximum value on N for MAC CE signalling of RSAI.
Based on the above agreement, if 2nd SCI is additionally used for RSAI signalling, it is not clear when MAC CE or 2nd SCI is used. When N<= 3 and RSAI message is multiplexed with data, it would be beneficial to use the 2nd SCI for RSAI message rather than MAC CE in the latency aspect. Therefore, we propose:
Proposal 2: When a resource pool level configuration enables that MAC CE or 2nd SCI are used as the container for RSAI message,
· If N<= 3 and RSAI is multiplexed with data, only 2nd SCI is used for container. 
· Otherwise, only MAC-CE is used for container.
In addition, the following agreements were made for containers of UE-B’s explicit requesting coordination information as
· 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
According to the above working assumption for Alt 1, it is not clear when MAC CE or 2nd SCI is used. When RSAI request is multiplexed with data, it would be beneficial to use the 2nd SCI for RSAI request rather than MAC CE in the latency aspect. Therefore, we propose:
Proposal 3: When a resource pool level configuration enables that MAC CE and 2nd SCI are used as the container for RSAI request,
· If RSAI request is multiplexed with data, only 2nd SCI is used for container,
· Otherwise, only MAC-CE is used for container.
Next, the important remaining issue is to design SCI format 2-C. The size of SCI Format 2-C before adding the CRC bits is limited to 140 bits. Therefore, it is desirable to reduce the number of bits in SCI Format 2-C that are used for purposes other than the indication of preferred or non-preferred resource sets. Therefore, we have to examine the necessity of each field as well as its bit-width. A first group of bits that can be included in the SCI Format-2C is bits related to HARQ operation. These includes the following fields with the size used for these parameters in SCI Format 2-A and SCI Format 2-B:
· HARQ process number: 4 bits
· New data indicator: 1 bit
· Redundancy version: 2 bits
· HARQ feedback enabled/disabled indicator: 1 bit
In total, these fields take 8-bits. We will discuss the necessity of including these fields in SCI Format-2C. As agreed in RAN1#107b-e, RSAI message and RSAI request can be multiplexed with other SL data, furthermore RSAI message or RSAI request can be transmitted using SCI Format 2-C or MAC CE. Consider an initial transmission of RSAI message or RSAI request, that includes: (1) SCI Format 2-C with RSAI information or RSAI request, (2) MAC-CE with RSAI information or RSAI request, (3) Other SL data. There are possible outcomes when this data is sent from UE-A to UE-B:
(1) UE-B completely misses the message, and it doesn’t successfully decode SCI Format 2-C, even though it might have or might have not decoded the corresponding SCI Format 1-A. In this case, UE-B doesn’t send a PSFCH back to UE-A. UE-A doesn’t receive the PSFCH (e.g., DTX on PSFCH) and transmits a new message. This can be a new transmission with updated RSAI message or RSAI request or new SL data. As UE-B didn’t receive the SCI Format 2-C, it can’t perform HARQ combining. Therefore, when UE-A transmits the data again it can indicate that this is an initial transmission. This also allows UE-A to update the RSAI message or the RSAI request. This case also includes, the scenarios when UE-B successfully decodes SCI Format 2-C, and possibly also successfully decodes the SL transport block, and doesn’t transmit PSFCH due to prioritization, or transmits PSFCH (ACK or NACK) and the PSFCH is missed by UE-A. In these scenarios, UE-A transmits a SL transmission that can include new RSAI message or new RSAI request.
(2) UE-B successfully decodes SCI Format 2-C, but fails to decode the transport block in the SL-SCH, including the MAC CE and the other SL data. UE-B sends a NACK on PSFCH to UE-A. In this case, as SCI Format 2-C has been successfully decoded, the RSAI message or RSAI request has been received by UE-B. UE-A doesn’t need to re-transmit the RSAI request or RSAI message in SCI Format 2-C as this has already been received. UE-A can do one of:
a. Re-transmit the SL shared channel including the MAC CE and the other SL data of the initial transmission. While the re-transmission of MAC CE of the RSAI message or RSAI request is not needed, it would be beneficial if the UE-B wants to do HARQ combining. In this case, UE-A can use SCI Format 2-A or SCI Format 2-B for the re-transmission to indicate the HARQ related parameters. There is no need to use SCI Format 2-C for the re-transmission.
b. A new SL transmission for the SL data only. In this case, the MAC CE RSAI message or RSAI request is not included as the information it has already been received using the pervious transmission in the corresponding SCI Format 2-C. In this case, UE-B doesn’t perform HARQ combining. In this case, UE-A can use SCI Format 2-A or SCI Format 2-B for the transmission of the SL data.
(3) UE-B successfully decodes SCI Format 2-C, and the transport block in the SL-SCH, including the MAC CE and the other SL data. UE-B sends an ACK or not send NACK on PSFCH to UE-A. There is no re-transmission needed.
Figure 1 shows example of re-transmissions using SCI Format 2-C; (1) In case of DTX on PSFCH, (2) In case of NACK on PSFCH.


[bookmark: _Ref95408399]Figure 1: Example of re-transmissions using SCI Format 2-C.
Based on the above description, SCI Format 2-C can be used for an initial SL transmission. Some possible solutions to reduce the overhead of HARQ-related parameters include: The HARQ process used for a SL transmission with RSAI message or RSAI request can be fixed to 0 (for example) or to a (pre-)configured value and doesn’t need to be signalled in SCI Format 2-C. The UE transmitting the RSAI request/message, for example, can reserve this HARQ process to use when it has RSAI message or RSAI request to transmit using SCI Format 2-C. The RV field can be fixed to 0 or to a pre-configured value and doesn’t need to be signalled in SCI Format 2-C. As SCI Format 2-C is used with an initial transmission, the NDI field is not applicable. Similarly, the HARQ feedback enabled/disabled indicator can be fixed to a (pre)configured value.
Observation 2: It is possible to remove some HARQ-related parameters from SCI Format 2-C. This will save up to 8-bits to use for the signalling of the preferred or non-preferred resources in SCI Format 2-C.
For RSAI message, timing information is conveyed in the message that includes:
(1) Reference location
(2) The offset of the first resource of each TRIV from the reference location.
The reference location can be indicated by a combination of a DFN index and slot index. The DFN index can be from 0 to 1023, and it would require 10 bits. The slot index can be 0 to , where  is the sub-carrier spacing (SCS) configuration that can be  for SCS  kHz respectively. Therefore, the total bit-width of the reference location can be up to  bits. If we use a coarser granularity, the bit-width can be smaller. Alternatively, the reference location can be the logical slot index within the resource pool. This can reduce the bit width of the reference location field.
The bit-width of the first location from the reference slot depends on (1) the maximum duration to be signal, (2) the granularity of the duration of the first location. If the reference location is the location of the first TRIV, we can avoid having to signal location of the first resource for the first TRIV.
Observation 3: If the reference location is the location of the first resource of the first TRIV, we can avoid having to signal location of the first resource for the first TRIV.
In RAN1#107bis-e meeting [3], the following working assumptions were made for TRIV to signal inter-UE coordination information as
· First resource location of each TRIV is a slot offset with respect to a reference slot
· 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
In the above working assumption, “The value range of slot offsets is from 0 to maximum value that is (pre)configurable up to [256]”. Assuming a one slot granularity, this would require 8-bits. If we assume that 8 bits are allocated to slot offset between the reference location and the first slot of TRIV (other than the first TRIV, which has an offset of 0), we can (pre-) configure the granularity and allow for a large slot offset. Example of (pre-) configured granularities are illustrated in Table 1.
[bookmark: _Ref95472671]Table 1: Example of pre-configured granularities.
	(Pre-)Configured 
Granularity (slots)
	Maximum slot offset
	Maximum duration in ms

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	1
	256
	256 ms
	128 ms
	64 ms
	32 ms

	2
	512
	512 ms
	256 ms
	128 ms
	64 ms

	4
	1024
	1024 ms
	512 ms
	256 ms
	128 ms

	8
	2048
	2048 ms
	1024 ms
	512 ms
	256 ms

	16
	4096
	4096 ms
	2048 ms
	1024 ms
	512 ms

	32
	8192
	8192 ms
	4096 ms
	2048 ms
	1024 ms


Proposal 4: Location of first resource of other TRIV is in logic slots relative to the reference location. Size 8 bits per TRIV
· Option 1: Use granularity of 1 slots, max time duration from reference is 32 ms (at 120 kHz)
· Option 2: Use granularity of 2 slots, max time duration from reference is 64 ms (at 120 kHz)
· Option 3: Use granularity of 4 slots, max time duration from reference is 128 ms (at 120 kHz)
· Option 4: Use granularity of 8 slots, max time duration from reference is 256 ms (at 120 kHz)
· Option 5: Use granularity of 16 slots, max time duration from reference is 512 ms (at 120 kHz)
· Option 6: Use granularity of 32 slots, max time duration from reference is 1024 ms (at 120 kHz)
For the structure of the RASI message, we consider 2 cases (N is the number of TRIVs in SCI Format 2-C:
1. Case 1: N=3 for preferred resources with zone ID and N=3 for non-preferred resource without zone ID as illustrated in Table 2.
2. Case 2: N=3 for preferred resources with zone ID and N=2 for non-preferred resource with zone ID as illustrated in Table 3.
Specifically, Table 2 and Table 3 include the following fields. 
· Similar to SCI Format 2-A and 2-B, the source ID has 8 bits and destination ID has 16 bits. 
· A one-bit field is needed to differentiate between RSAI message and RSAI request. 
· Zone ID is included with preferred resources. With non-preferred resources, if the zone ID is to be included, N=2, otherwise without zone ID N=3. 
· Cast type is only needed for non-preferred resources. For preferred resources the cast type is always unicast. 
· Resource combination: It has been agreed that the reservation period is omitted at least for preferred resources triggered by UE-B’s explicit request. Therefore, for the design of the resource combination, we consider:
· For preferred resources, the resource commination includes only FRIV and TRIV. The bit width of the resource combination is N x , where N is 3. The maximum size with  is 66 bits.
· For non-preferred resources, the resource commination includes FRIV, the TRIV and resource reservation period. The bit width of the resource combination is N x , where N is  2 or 3. The maximum size with  and  is 52 bits (N=2) or 78 bits (N=3).
· The reference location is indicated by a combination of DFN index and slot index. The size of this field is  bits, where  is the sub-carrier spacing configuration,  for sub-carrier spacing  kHz respectively.
· The first locations of TRIV: This is the location of the first resource of a resource combination in logical slots relative to the reference location. The size of this field is [8] bits. This is provided for all TRIVs except the first one. Therefore size is (N-1)x[8]. 
· Padding is need to align all sizes together. 
Therefore, there are two cases to consider for RSAI message; with preferred resources and with non-preferred resources as shown in Table 2 and Table 3.
[bookmark: _Ref95473323]Table 2: RSAI Message structure with N=3 for (1) preferred resource set, (2) non-preferred resource set.
	Field
	Size (Preferred resources)
	Size (Non-preferred resources)

	Source ID
	8
	8

	Destination ID
	16
	16

	RSAI Message/Request Indicator
	1
	1

	Zone ID
	12
	N/A

	Cast Type
	N/A (used for BC/GC only)
	2

	Resource Type
	1
	1

	Resource combination
	up to 66 
	up to 78


	Reference Location
	Up to 17 
	Up to 17 

	First Locations of TRIV
	2x8
	2x8

	Padding
	2
	0

	Total
	139
	139


[bookmark: _Ref95475037]Table 3: RSAI Message structure with for (1) preferred resource set (N=3), (2) non-preferred resource set (N=2).
	Field
	Size (Preferred resources)
	Size (Non-preferred resources)

	Source ID
	8
	8

	Destination ID
	16
	16

	RSAI Message/Request Indicator
	1
	1

	Zone ID
	12
	12

	Cast Type
	N/A (used for BC/GC only)
	2

	Resource Type
	1
	1

	Resource combination
	Up to 66 

	Up to 52


	Reference Location
	Up to 17 
	Up to 17

	First Locations of TRIV
	2x8
	1x8

	Padding
	0
	Up to 20

	Total
	137
	137


On the other hand, SCI Format 2-C RSAI request is illustrated in Table 4. For the RSAI request, the following fields are provided:
·      Source ID and destination ID: Similar to SCI Format 2-A and 2-B, the source ID has 8 bits and destination ID has 16 bits.
· A one-bit field is needed to differentiate between RSAI message and RSAI request.
· Zone ID
· Resource type: 1 bit to indicate preferred or non-preferred resources.
· Priority: Priority of the SL data for which inter-UE co-ordination information is being requested. Size is 3 bits.
· Number of subchannels of SL data transmission. Size is bits.
· Resource reservation period of the SL data for which inter-UE co-ordination information is being requested bits.
· Starting time of resource selection window:  This is a combination of DFN index and slot index. The size of this field is  bits, where  is the sub-carrier spacing configuration,  for sub-carrier spacing  kHz respectively.
· Ending time of resource selection window: The ending time is relative to the starting time of the resource selection window and is in units of 0.5ms with a size of 10 bits.
Therefore, we suggest Table 4 as:
[bookmark: _Ref95475180]Table 4: RSAI request structure
	Field
	Size (Preferred resources)

	Source ID
	8

	Destination ID
	16

	RSAI Message/Request Indicator
	1

	Zone ID
	12

	Cast Type
	N/A (used for BC/GC only)

	Resource Type
	1

	Priority
	3

	Number of Sub-channels
	5 - 

	Resource reservation period
	4 - 

	Start of Window
	17 -  

	End of Window
	10

	Padding
	66

	Total
	139


Proposal 5: In new 2nd-stage SCI format, we propose for the RSAI message as shown in Table 2 or Table 3, and for the RSAI request as shown in Table 4.


[bookmark: _Ref91841776]Figure 2 Finding available resources in UE-B based on preferred resources from UE-A1 and UE-A2 with different preference levels.
Open issue #2 from RP-212880
· Finalization of behaviour of UE-B receiving resource set(s) from UE-A(s)
Even though, RAN1 made good progress about issue #2 in RAN1#107bis-e meeting [3], we need to consider a scenario where UE-B receives RSAI from multiple UE-As at least for groupcast. In this case, UE-B can find the intersection of RSAIs (the preferred or non-preferred resources) to reflect RSAIs as for its transmission resource (re-)selection. However, if there are no or too little available preferred or non-preferred resources, it would be beneficial for UE-B to receive additional resources (e.g. with a second preference level), and determine the available resources based on the intersection of the preferred or non-preferred resources and the additional resources from the UE-As. On the other way, if UE receives too many non-preferred resources, UE-B may experience an over-exclusion issue. So, the amount of resource exclusion can be controlled by introducing the preference levels. Note that UE-A can transmit RSAI with different preference levels to UE-B at the same time. As an example, Figure 1 illustrates how UE-B finds the available resources within a resource selection window from preferred resources from UE-A1 and UE-A2.
Proposal 6: For scheme 1 with condition based other than an explicit request, UE-B can receive RSAI from multiple UE-As for groupcast.
· UE-A can provide RSAI with different preference levels to enable UE-B to find sufficient preferred or non-preferred resources when receiving RSAI from multiple UE-As. 
· The preference level can decided based on SL RSRP.
Open issue #3 from RP-212880
· 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
In RAN1#107bis-e meeting [3], the following working assumption were made for Scheme 1 with condition based other than an explicit request as 
· 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
For condition-based inter-UE co-ordination information, aforementioned working assumption considers unicast and groupcast/broadcast RSAI messages. For unicast RSAI messages, UE-A has to determine which UE-B the RSAI message is unicasted to. Furthermore, multiple messages can be sent to multiple UE-Bs each using a different unicast link. This increases the overall system loading and could lead to a negative impact on the overall system performance. Our first preference is not to support unicast transmission of RSAI message for the aforementioned reasons. If RSAI message is to be supported, it should be limited to preferred resource sets and when UE-A has other SL data to send to UE-B, otherwise, the UE-Bs are to be configured through PC5-RRC configuration.
Observation 4: Before confirming WA on unicast, RAN1 should discuss how to determine UE-B for unicast.
For Groupcast/Broadcast messages, UE-A can broadcast non-preferred resources to surrounding UEs. A surrounding UE can exclude these resources from its candidate sets. There can be several causes of trigger for the condition-based inter-UE co-ordination, for example based on some condition such as CBR or BLER, or triggered periodically. Given that we are at the end of the work item, and there isn’t much time to further study the different schemes we prefer a simple scheme such as periodic transmission for at least non-preferred resources, where the period is configured by higher layers. Example of period values can include: {100, 500, 1000, 2000} ms. Therefore, we suggest to confirm the support of condition-based inter-UE co-ordination information with non-preferred resource sets, using Groupcast/Broadcast transmission schemes. A Groupcast set for the transmission of condition-based RSAI information can be (pre-)configured, if not (pre-)configured, the condition-based RSAI information is broadcast to surrounding UEs. The period of the condition-based RSAI information is (pre-)configured to one of [{100, 500, 1000, 2000}]
Proposal 7: Confirm WA for Groupcast/Broadcast of non-preferred resource set with the following changes.
· For Scheme 1, the 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
· A Groupcast set for the transmission of condition-based RSAI information to can be (pre-)configured, if not (pre-)configured, the condition-based RSAI information is broadcast to surrounding UEs.
· The period of the condition-based RSAI information is (pre-)configured to one of [{100, 500, 1000, 2000}]
· Unicast: Only when UE-A has data send to UE-B, and the inter-UE co-ordination information is included in the same SL transmission with the data.
· Unicast
· FFS: Under which conditions unicast can be supported
 
Open issue #4 from RP-212880
· Finalization of when UE-B generates and/or transmits an explicit request
In RAN1#107bis-e meeting [3], RAN1 discussed about issue #4 and made the following agreements as 
· For inter-UE coordination triggered by UE-B’s explicit request in Scheme 1, 
· A resource pool level (pre-)configuration can enable one of the following alternatives:
· Alt 1: it is up to UE-B’s implementation whether or not to trigger the request generation 
· Alt 2: the request generation can be triggered only when UE-B has data to be transmitted to UE-A
· Note: Rel-16 procedure of UL/SL prioritization, LTE SL/NR SL prioritization, and congestion control is applied to the transmission of the request transmission.
Therefore, issue #4 was resolved and further discussion is not necessary.
Observation 5: Open issue #4 (Finalization of when UE-B generates and/or transmits an explicit request) was resolved in RAN1#107bis meeting and further discussion is not necessary.

Open issue #5 from RP-212880
· Finalization of resource selection and/or multiplexing with sidelink transmissions for UE-A’s inter-UE coordination information and UE-B’s explicit request
In RAN1#107bis-e meeting [5], the following agreements were made related to above open issue #5 for resource selection as:
· For sidelink transmission carrying inter-UE coordination information in Scheme 1, 
· UE-A performs its resource (re)selection according to the same procedure in TS 38.214 Section 8.1.4 to transmit the inter-UE coordination information to UE-B.
· For sidelink transmission carrying request in Scheme 1, 
· UE-B performs its resource (re)selection according to the same procedure in TS 38.214 Section 8.1.4 to transmit the request for the inter-UE coordination information to UE-A if UE-B performs sensing/resource exclusion. Otherwise, at least UE-B can perform random selection
· Note: RAN1 does not pursue specific enhancement of Rel-17 resource (re)selection for the transmission of inter-UE coordination information and its request.
· 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
· For the indication of resource set in Scheme 1, the value of Sl-MaxNumPerReserve is fixed to 3.
· 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 
In addition, the following agreements were made related to above open issue #5 for multiplexing with sidelink transmissions as:
· For inter-UE coordination information transmission in Scheme 1, 
· Inter-UE coordination information can be multiplexed with other data only if the source/destination ID pair is the same
· Retransmission of the TB carrying inter-UE coordination information is supported
· For explicit request transmission in Scheme 1, 
· Explicit request can be multiplexed with other data only if the source/destination ID pair is the same
· Retransmission of the TB carrying request is supported
Therefore, issue #5 was resolved and further discussion is not necessary.
Observation 6: Open issue #5 (Finalization of resource selection and/or multiplexing with sidelink transmissions for UE-A’s inter-UE coordination information and UE-B’s explicit request) was resolved in RAN1#107bis meeting and further discussion is not necessary.
Open issue #6 from RP-212880
· Finalization of prioritization of inter-UE coordination information and explicit request
In RAN1#107bis-e meeting [3], RAN1 discussed about issue #6 and made the following options as: 
· For inter-UE coordination information triggered by an explicit request in Scheme 1, the priority value of the inter-UE coordination information is (pre)configured priority value if it is provided by (pre)configuration. Otherwise, the priority value is the same as indicated by UE-B’s explicit request.
· For the case when inter-UE coordination information is transmitted together with other data, the priority value of the multiplexed sidelink transmission is determined by the smallest priority value between the inter-UE coordination information and data
· For inter-UE coordination information triggered by an explicit request in Scheme 1, the priority value of explicit request is (pre)configured priority value if it is provided by (pre)configuration. Otherwise, the priority value is the same as that of a TB to be transmitted by UE-B.
· For the case when the explicit request is transmitted together with other data, the priority value of the multiplexed sidelink transmission is determined by the smallest priority value between the explicit request and data
· For inter-UE coordination information triggered by a condition other than explicit request reception in Scheme 1, the priority value of the inter-UE coordination information is (pre)configured priority value if it is provided by (pre)configuration. 
· FFS: Otherwise, the priority value is determined by UE-A’s implementation.
· For the case when inter-UE coordination information is transmitted together with other data, the priority value of the multiplexed sidelink transmission is determined by the smallest priority value between the inter-UE coordination information and data
Therefore, issue #6 was resolved and further discussion is not necessary.
Observation 7: Open issue #6 (Finalization of prioritization of inter-UE coordination information and explicit request) was resolved in RAN1#107bis meeting and further discussion is not necessary.

Open issue #7 from RP-212880
· Combination of preferred/non-preferred resources with explicit request/condition triggers
Considering that the progress on this work item is behind schedule and for timely completion of this work item, we think that issue #7 should be de-prioritized if it’s necessity is not justified. 
UE-A can send resources with different preference or non-preference levels as described in Figure 1. This can help UE-B in deciding the candidate sent when receiving preferred or non-preferred resources from multiple UE-As for example:
· For explicit request triggering when UE-B has a groupcast transmission, and is getting the RSAI from multiple UE-As.
UE-A can also decide whether to send preferred or non-preferred resources, but not a combination of the two. The type of resources is indicated in the RSAI message.
Proposal 8: Combination of preferred/non-preferred resources is not supported in Rel-17.
2.2 Scheme 2
Open issue #8 from RP-212880
· Finalization of determination of PSFCH resource/index for conflict indication
In Rel-16, the PFSCH resources for HARQ-ACK are determined as follows:
1. In time domain, a UE can be provided, by sl-PSFCH-Period a number of slots in a resource pool for a period of PSFCH. If the number is zero, PSFCH transmissions from the UE are disabled for HARQ-ACK feedback. A UE expects that a slot , wherein  has a PSFCH transmission occasion for HARQ-ACK feedback if , wherein;
·  is a logical slot in the resource pool.
·  is the maximum number of logical slots in the resource pool in 1024 frames.
·  is provided by sl-PSFCH-Period.
2. In frequency domain, a UE can be provided by higher layer parameter sl-PSFCH-RB-Set a set of  PRBs in a resource pool for PSFCH transmission in a PRB of a resource pool. For a number of  sub-channels for resource pool, provided by higher layer parameter sl-NumSubchannel, the UE allocates  PRBs from the  PRBs, to slot  among the SL slots associated with the PSFCH for HARQ-ACK feedback and sub-channel , where , ,  and the allocation starts in an ascending order of  and continues in an ascending order of . The UE expects that  is a multiple of .
3. In code domain (cyclic-shift domain), the UE can allocated from 1 to 6 cyclic shift pairs, per PRB, through higher layer parameter sl-NumMuxCS-Pair. It should be note that there are 12 cyclic shifts (i.e., 6 cyclic shift pairs per PRB). 



(a)                                                  (b)
[bookmark: _Ref86924700]Figure 3: Example of multiplexing HARQ-ACK feedback and Scheme 2 RSAI feedback in the same PRB. (a): For conflict feedback m0 = 1. (b) For conflict feedback m0=3.
Based on the RAN1#106bis-e agreements [4]:
· For allocating PSFCH resources in Scheme 2, at least following can be (pre)configured separately from those for SL HARQ-ACK feedback.
· Set of PRBs for PSFCH transmission/reception (sl-PSFCH-RB-Set)
This agreement doesn’t mandate the (pre-)configuration of sl-PSFCH-RB-Set for conflict feedback as it says “can be”. Therefore,there can be two options to multiplex HARQ-ACK feedback and conflict feedback:
· Option 1: Multiplexing conflict feedback and HARQ-ACK feedback in the same PSFCH PRB is not allowed 
· Option 2: Multiplexing conflict feedback and HARQ-ACK feedback in the same PSFCH PRB is allowed
In option 1, frequency division multiplexing can be used. The PSFCH slots for HARQ-ACK feedback and for conflict feedback are the same. However, different PRB are allocated to the PSFCH for HARQ-ACK feedback (these are provided by higher layer parameter sl-PSFCH-RB-Set) and PSFCH resources for conflict feedback, which can be provided by a new higher layer parameter e.g. sl-PSFCH-Conflict-RB-Set.
A variant of option 1 is to consider that resource pool configuration is either used for conflicted feedback and HARQ-ACK feedback. For example, a resource pool with PSFCH resource can be used for conflict feedback instead of HARQ-ACK feedback if inter-UE coordination and Scheme 2 RSAI feedback are enabled in this pool. 
In option 2, code domain (cyclic shift domain) multiplexing can be used. In this case, the PSFCH slots and PRBs for HARQ-ACK feedback and for conflict feedback are the same, but different cyclic shifts can be used for HARQ-ACK feedback and conflict feedback. For example, if the number of cyclic shift pairs in a PRB is 3. For HARQ-ACK feedback, cyclic shift pairs (0,6), (2,8) and (4,10) are used. The unused cyclic shift pairs can be used for conflict feedback, in this case, the cyclic shift pairs used for conflict feedback are (1,7), (3,9) and (5,11). In this case, the conflict feedback and HARQ-ACK Feedback are multiplexed in the same PRB. Figure 4 illustrates this example.
The cyclic shift resource is determined by  and . In option 1, different PRBs are used for conflict feedback and HARQ-ACK feedback. Hence, the same value of  can be used for conflict feedback and HARQ-feedback. The allowed value of  are shown in Table 2.

[bookmark: _Ref86924388]Table 5:  for HARQ-ACK feedback and conflict feedback when separate PRBs are used for each (38.213 Table 6.13-1).
	
	

	
	Cyclic Shift Pair Index 0
	Cyclic Shift Pair Index 1
	Cyclic Shift Pair Index 2
	Cyclic Shift Pair Index 3
	Cyclic Shift Pair Index 4
	Cyclic Shift Pair Index 5

	1
	0
	-
	-
	-
	-
	-

	2
	0
	3
	-
	-
	-
	-

	3
	0
	2
	4
	-
	-
	-

	6
	0
	1
	2
	3
	4
	5


If UE-B reserves two SL resource in the same SCI, UE-A would indicate a conflict for each reserved resource separately. There are two ways to achieve this:
· Different sets of PRBs are used for the PSFCH associated with each reserved resource. For example, sl-PSFCH-Conflict-Set1 is used for the first reserved resource and sl-PSFCH-Conflict-Set2 is used for the second reserved resources.
· The same set of PRBs is used for all reserved resources and distinction is by . The first reserved resources uses  as shown in Table 2. The second reserved resource uses  as shown in Table 3. In addition, one value of  as shown in Table 4-1 is used when both reserved resources are in conflict. In Table 4-1, =6 for indication of “no conflict” is assumed. Otherwise if “no conflict” is not specifically indicated by RSAI and no  is defined for the indication, the cyclic shift index can start from other values, e.g. {6} for =1, {6, 7} for =2, {6, 7, 8} for =3.
[bookmark: _Ref86926066]Table 6:  for second reserved resource conflict feedback when same PRB is used for conflict feedback of first and second reserved resources.
	
	

	
	Cyclic Shift Pair Index 0
	Cyclic Shift Pair Index 1
	Cyclic Shift Pair Index 2
	Cyclic Shift Pair Index 3
	Cyclic Shift Pair Index 4
	Cyclic Shift Pair Index 5

	1
	3
	-
	-
	-
	-
	-

	2
	1
	4
	-
	-
	-
	-

	3
	1
	3
	5
	-
	-
	-

	6
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A


Table 7-1:  for both two reserved resource conflict feedback when same PRB is used for conflict feedback of first and second reserved resources 
	
	

	
	Cyclic Shift Pair Index 0
	Cyclic Shift Pair Index 1
	Cyclic Shift Pair Index 2
	Cyclic Shift Pair Index 3
	Cyclic Shift Pair Index 4
	Cyclic Shift Pair Index 5

	1
	2
	-
	-
	-
	-
	-

	2
	2
	5
	-
	-
	-
	-

	3
	N/A
	N/A
	N/A
	-
	-
	-

	6
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A


In option 2, the same PRB is used for conflict feedback and HARQ-ACK feedback. The distinguishing between HARQ-ACK feedback and the conflict feedback can be by using different values of  as illustrated Table 5 and Figure 2.
[bookmark: _Ref86924653]Table 8:  for conflict feedback when same PRB is used for HARQ-ACK feedback and conflict feedback.
	
	

	
	Cyclic Shift Pair Index 0
	Cyclic Shift Pair Index 1
	Cyclic Shift Pair Index 2
	Cyclic Shift Pair Index 3
	Cyclic Shift Pair Index 4
	Cyclic Shift Pair Index 5

	1
	3
	-
	-
	-
	-
	-

	2
	1
	4
	-
	-
	-
	-

	3
	1
	3
	5
	-
	-
	-

	6
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A


If UE-B reserves two SL resource in the same SCI, UE-A would indicate a conflict for each reserved resource separately. The same set of PRBs is used for all reserved resources and HARQ-ACK feedback and distinction is by . The first reserved resources uses  as shown in Table 6 . The second reserved resource uses  as shown in Table 7. Similarly as in option 1, it is possible that no specific  value is defined for indication of “no conflict”, and some values of  can be defined to indicate both two reserved resources are conflicted. The motivation is to reduce the number of potential simultaneous PSFCH transmission.
[bookmark: _Ref86926248]Table 9:  for first reserved resource conflict feedback when same PRB is used for HARQ-ACK feedback and conflict feedback of first and second reserved resources.
	
	

	
	Cyclic Shift Pair Index 0
	Cyclic Shift Pair Index 1
	Cyclic Shift Pair Index 2
	Cyclic Shift Pair Index 3
	Cyclic Shift Pair Index 4
	Cyclic Shift Pair Index 5

	1
	2
	-
	-
	-
	-
	-

	2
	1
	4
	-
	-
	-
	-

	3
	N/A
	N/A
	N/A
	-
	-
	-

	6
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A


[bookmark: _Ref91853247]
Table 10:  for second reserved resource conflict feedback when same PRB is used for HARQ-ACK feedback and conflict feedback of first and second reserved resources.
	
	

	
	Cyclic Shift Pair Index 0
	Cyclic Shift Pair Index 1
	Cyclic Shift Pair Index 2
	Cyclic Shift Pair Index 3
	Cyclic Shift Pair Index 4
	Cyclic Shift Pair Index 5

	1
	4
	-
	-
	-
	-
	-

	2
	2
	5
	-
	-
	-
	-

	3
	N/A
	N/A
	N/A
	-
	-
	-

	6
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A


Based on the discussion above, we propose: 
Proposal 9: For scheme 2 conflict feedback, support the following options:
· Option 1: Multiplexing conflict feedback and HARQ-ACK feedback in the same PSFCH PRB is not allowed. 
· In case of one reserved resource in UE-B’s SCI, sl-PSFCH-Conflict-Set is configured for conflict feedback.
· In case of two reserved resources in UE-B’s SCI, sl-PSFCH-Conflict-Set1 is configured for conflict feedback of the first reserved resource and sl-PSFCH-Conflict-Set2 is configured for conflict feedback of the first reserved resource.
·  for conflict feedback is the same as  for HARQ-ACK feedback.
· Option 2: Multiplexing conflict feedback and HARQ-ACK feedback in the same PSFCH PRB is allowed. The same sl-PSFCH-Set is used for HARQ-ACK feedback and conflict feedback
·  is defined to indicate conflict feedback, including which one or both reserved resources in UE-B’s SCI being conflicted.

For , when providing conflict feedback for Scheme 2, UE-A can transmit logical 0 in case of conflict and no transmission in case of no conflict.
Proposal 10: For scheme 2 conflict feedback, for  of the PSFCH providing conflict feedback, support the following options:
· UE-A can just transmit logical 0 in case of conflict and no transmission in case of no conflict.

Open issue #9 from RP-212880
· Finalization of behavior of UE-B receiving a conflict indication from UE-A
In RAN1#107bis-e meeting [3], RAN1 discussed about issue #9 and made the following agreements as: 
· For Scheme 2, 
· The PHY layer reports S_A after Step 7) of TS 38.214 Section 8.1.4 to higher layer.
· When UE-B receives a conflict indicator for resource(s) indicated by its SCI,
· PHY layer at UE-B reports resources overlapping with the next reserved resource indicated by the corresponding UE-B’s SCI for current TB transmission to higher layer.
· If (pre)configured, the PHY layer reports resources in a slot including the next reserved resource indicated by the corresponding UE-B’s SCI for current TB transmission to higher layer.
· Higher layer at UE-B re-selects the resource(s) indicated by the conflict indicator among the S_A excluding the reported resources.
· FFS: Whether/How the conflict in periodic transmission is indicated by UE-A and handled by UE-B
Therefore, issue #9 was resolved and further discussion is not necessary.
Observation 8: Open issue #9 (Finalization of behavior of UE-B receiving a conflict indication from UE-A) was resolved in RAN1#107bis meeting and further discussion is not necessary.

Open issue #10 from RP-212880
· Finalization of prioritization of conflict indication
In RAN1#107bis-e meeting [3], RAN1 discussed about issue #10 and made the following agreements as:
· [bookmark: _Hlk93613508]For PSFCH TX/RX or TX/TX prioritization in Scheme 2, 
· Priority value of PSFCH TX for a resource conflict indication is the smallest priority value of the conflicting TBs 
· Priority value of PSFCH RX for a resource conflict indication is priority value indicated by UE-B’s SCI 
· For PSFCH TX/RX or TX/TX prioritization between SL HARQ-ACK feedback(s) and resource conflict indication(s), PSFCH TX/RX for SL HARQ-ACK feedback is always prioritized over PSFCH TX/RX for a resource conflict indication
Therefore, issue #10 was resolved and further discussion is not necessary.
Observation 9: Open issue #10 (Finalization of prioritization of conflict indication) was resolved in RAN1#107bis meeting and further discussion is not necessary.

Open issue #11 from RP-212880
· 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 RAN1#107bis-e meeting [3], the following working assumption was reached as:
· 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
For the FFS above, when UE-A receives SL transmission with reserved resources, it checks the bit corresponding to the indication of support of reception of conflict feedback.
· If that bit is “1” the UE reserving the resources supports the reception of conflict indication, UE-A can transmit conflict feedback to that UE indicating that a reserved resource has conflict if the reserved resource has a conflict.
· Otherwise, if that bit is “0” the UE reserving the resources doesn’t support the reception of conflict indication, UE-A doesn’t transmit conflict feedback to that UE. 
If a resource reserved by that UE conflicts with a resource reserved by a third UE that supports the reception of conflict indication, UE-A can transmit the conflict indication to the third UE that supports the reception of conflict indication.
Proposal 11: When UE-A receives SL transmission with reserved resources, it checks the bit corresponding to the indication of support of reception of conflict feedback.
· If that bit is “1” the UE reserving the resources supports the reception of conflict indication, UE-A can transmit conflict feedback to that UE indicating that a reserved resource has conflict if the reserved resource has a conflict.
· Otherwise, if that bit is “0” the UE reserving the resources doesn’t support the reception of conflict indication, UE-A doesn’t transmit conflict feedback to that UE. 
3 Conclusions
This contribution discusses about inter-UE coordination. Based on the discussion, the following proposals and observations are provided:
Proposal 1: Remove the square brackets in the following agreement:
· 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]
Observation 1: RAN1 need to discuss the maximum value on N for MAC CE signalling of RSAI.
Proposal 2: When a resource pool level configuration enables that MAC CE or 2nd SCI are used as the container for RSAI message,
· If N<= 3 and RSAI is multiplexed with data, only 2nd SCI is used for container. 
· Otherwise, only MAC-CE is used for container.
Proposal 3: When a resource pool level configuration enables that MAC CE and 2nd SCI are used as the container for RSAI request,
· If RSAI request is multiplexed with data, only 2nd SCI is used for container,
· Otherwise, only MAC-CE is used for container.
Observation 2: It is possible to remove some HARQ-related parameters from SCI Format 2-C. This will save up to 8-bits to use for the signalling of the preferred or non-preferred resources in SCI Format 2-C.
Observation 3: If the reference location is the location of the first resource of the first TRIV, we can avoid having to signal location of the first resource for the first TRIV.
Proposal 4: Location of first resource of other TRIV is in logic slots relative to the reference location. Size 8 bits per TRIV
· Option 1: Use granularity of 1 slots, max time duration from reference is 32 ms (at 120 kHz)
· Option 2: Use granularity of 2 slots, max time duration from reference is 64 ms (at 120 kHz)
· Option 3: Use granularity of 4 slots, max time duration from reference is 128 ms (at 120 kHz)
· Option 4: Use granularity of 8 slots, max time duration from reference is 256 ms (at 120 kHz)
· Option 5: Use granularity of 16 slots, max time duration from reference is 512 ms (at 120 kHz)
· Option 6: Use granularity of 32 slots, max time duration from reference is 1024 ms (at 120 kHz)
Proposal 5: In new 2nd-stage SCI format, we propose for the RSAI message as shown in Table 2 or Table 3, and for the RSAI request as shown in Table 4.
Proposal 6: For scheme 1 with condition based other than an explicit request, UE-B can receive RSAI from multiple UE-As for groupcast.
· UE-A can provide RSAI with different preference levels to enable UE-B to find sufficient preferred or non-preferred resources when receiving RSAI from multiple UE-As. 
· The preference level can decided based on SL RSRP.
Observation 4: Before confirming WA on unicast, RAN1 should discuss how to determine UE-B for unicast.
Proposal 7: Confirm WA for Groupcast/Broadcast of non-preferred resource set with the following changes.
· For Scheme 1, the 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
· A Groupcast set for the transmission of condition-based RSAI information to can be (pre-)configured, if not (pre-)configured, the condition-based RSAI information is broadcast to surrounding UEs.
· The period of the condition-based RSAI information is (pre-)configured to one of [{100, 500, 1000, 2000}]
· Unicast: Only when UE-A has data send to UE-B, and the inter-UE co-ordination information is included in the same SL transmission with the data.
· Unicast
· FFS: Under which conditions unicast can be supported
Observation 5: Open issue #4 (Finalization of when UE-B generates and/or transmits an explicit request) was resolved in RAN1#107bis meeting and further discussion is not necessary.
Observation 6: Open issue #5 (Finalization of resource selection and/or multiplexing with sidelink transmissions for UE-A’s inter-UE coordination information and UE-B’s explicit request) was resolved in RAN1#107bis meeting and further discussion is not necessary.
Observation 7: Open issue #6 (Finalization of prioritization of inter-UE coordination information and explicit request) was resolved in RAN1#107bis meeting and further discussion is not necessary.
Proposal 8: Combination of preferred/non-preferred resources is not supported in Rel-17.
Proposal 9: For scheme 2 conflict feedback, support the following options:
· Option 1: Multiplexing conflict feedback and HARQ-ACK feedback in the same PSFCH PRB is not allowed. 
· In case of one reserved resource in UE-B’s SCI, sl-PSFCH-Conflict-Set is configured for conflict feedback.
· In case of two reserved resources in UE-B’s SCI, sl-PSFCH-Conflict-Set1 is configured for conflict feedback of the first reserved resource and sl-PSFCH-Conflict-Set2 is configured for conflict feedback of the first reserved resource.
·  for conflict feedback is the same as  for HARQ-ACK feedback.
· Option 2: Multiplexing conflict feedback and HARQ-ACK feedback in the same PSFCH PRB is allowed. The same sl-PSFCH-Set is used for HARQ-ACK feedback and conflict feedback
·  is defined to indicate conflict feedback, including which one or both reserved resources in UE-B’s SCI being conflicted.
Proposal 10: For scheme 2 conflict feedback, for  of the PSFCH providing conflict feedback, support the following options:
· UE-A can just transmit logical 0 in case of conflict and no transmission in case of no conflict.
Observation 8: Open issue #9 (Finalization of behavior of UE-B receiving a conflict indication from UE-A) was resolved in RAN1#107bis meeting and further discussion is not necessary.
Observation 9: Open issue #10 (Finalization of prioritization of conflict indication) was resolved in RAN1#107bis meeting and further discussion is not necessary.
Proposal 11: When UE-A receives SL transmission with reserved resources, it checks the bit corresponding to the indication of support of reception of conflict feedback.
· If that bit is “1” the UE reserving the resources supports the reception of conflict indication, UE-A can transmit conflict feedback to that UE indicating that a reserved resource has conflict if the reserved resource has a conflict.
· Otherwise, if that bit is “0” the UE reserving the resources doesn’t support the reception of conflict indication, UE-A doesn’t transmit conflict feedback to that UE. 
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