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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. In RAN1#106-e meeting [1], RAN1 made agreements for inter-UE coordination in regarding RSAIs, conditions for UEs to be RSAI providing UE(s) (i.e., UE-A) and RSAI receiving UE(s) (i.e., UE-B), and the UE behaviour in supported Scheme 1 and Scheme 2, respectively. However, the status on this work item was reported that the progress is behind schedule [2]. In this contribution, we provide our view to specify inter-UE coordination by focusing on essential functionalities for timely completion of this work item.
2 Discussion on inter-UE coordination
2.1 RSAI details
In RAN1#106-e meeting [1], resource selection assistance information (RSAI) was discussed for supported inter-UE coordination Scheme 1 and Scheme 2, respectively and the following agreements were made:
· For scheme 1, the following inter-UE coordination information signalling from UE-A is supported. FFS details including condition(s)/scenario(s) under which each information is enabled to be sent by UE-A and used by UE-B.
· Set of resources preferred for UE-B’s transmission
· Set of resources non-preferred for UE-B’s transmission
· For scheme 2, the following inter-UE coordination information signalling from UE-A is supported. FFS details including condition(s)/scenario(s) under which each information is enabled to be sent by UE-A and used by UE-B
· Presence of expected/potential resource conflict on the resources indicated by UE-B’s SCI
· FFS: UE behaviour when the presence of expected/potential resource conflict is detected by the transmitter
· FFS: Whether to additionally support the presence of detected resource conflict on the resources indicated by UE-B’s SCI
At first, for the first FFS bullet, we have made conditions for UE to determine RSAI in Scheme 2 (See Condition 2-A-1 and Condition 2-A-2 in Section 2.4) in RAN1#106-e meeting [1]. Therefore, further discussion is not necessary. On the other hand, for the second FFS bullet, RAN1 should strive for completing agreed options of inter-UE coordination (Scheme 1 with preferred resources, Scheme 1 with non-preferred resources, and Scheme 2 with expected/potential resource conflict) at first considering the status on this work item. Therefore, we propose
Proposal 1: In Scheme 2, the presence of detected resource conflict on the resources indicated by UE-B’s SCI is not supported in Rel-17.
For each option of inter-UE coordination, we need to decide the content of RSAI as a next step because in RSAI signalling aspect, it was not decided that how much information can be included in Scheme 1 with preferred resources, Scheme 1 with non-preferred resources, and Scheme 2 with resource conflict, respectively. Specifically, we can consider following alternatives as RSAI details for each option of inter-UE coordination as:
· For scheme 1 with preferred resource, RSAI can be
· Alt 1-1: A set of preferred resource candidates
· Alt 1-2: Selected preferred resource(s) from the set of identified resource candidates
· For scheme 1 with non-preferred resource, RSAI can be
· Alt 2-1: A set of non-preferred resource candidates
· For scheme 2 with resource conflict, RSAI can be
· Alt 3-1: A single conflict indication for UE-B’s SCI
· Alt 3-2: Multiple conflict indications for UE-B’s SCI
At first, in case of Scheme 1 (Preferred resource), both Alt 1-1 and Alt 1-2 are feasible alternatives. On the other hand, for Scheme 1 (Non-preferred resource), selected non-preferred resource(s) by UE-A from the set of identified resource candidates may not be a great help for UE-B to exclude this non-preferred resource(s) for its resource (re-)selection since the selected non-preferred resource(s) can have a small number (e.g., one or two resource(s)). Therefore, only Alt 2-1 can be a feasible alternative for Scheme 1 (Non-preferred resource). For common design of Scheme 1 both for preferred and non-preferred resource, we prefer Alt 1-1 for Scheme 1 (Preferred resource). Secondly, in case of Scheme 2 (Resource conflict), both Alt 3-1 and Alt 3-2 are feasible alternatives. Specifically, Alt 3-1 means that UE-A can indicate only one resource conflict for the resource(s) reserved by UE-B’ SCI. Therefore, if the number of reserved resources is larger than one, we may need to decide how to interpret the single conflict indicator. Unlike Alt 3-1, Alt 3-2 allows that UE-A can indicate multiple resource conflicts for the resources reserved by UE-B’ SCI but it requires multiple bits for indicating resource conflict. For Alt 3-1, we can reuse PSFCH format to indicate a single conflict indication for RSAI feedback. On the other hand, for Alt 3-2, its gain was not verified yet and further specification efforts to design RSAI container may be necessary. 
Proposal 2: For each option of inter-UE coordination (Scheme 1 with preferred resources, Scheme 1 with non-preferred resources, and Scheme 2), RSAI becomes the followings:
· For scheme 1 with preferred and non-preferred resource, RSAI is a set of preferred resource candidates.
· For scheme 2, RSAI is a single conflict indication for UE-B’s SCI.
The next issue is to define RSAI container. In RAN1#104-e meeting [3], RAN1 concluded that the inter-UE coordination is feasible, and is beneficial (e.g., reliability, etc.) compared to Rel-16 NR sidelink mode2 based on evaluation results [4]. However, evaluation results show that the performance gain can be degraded by inter-UE coordination delay. Therefore, avoiding the inter-UE coordination delay is a very important aspect when we design the inter-UE coordination. In this regard, L1 signaling should be applied to indicate inter-UE coordination information. For Scheme 1, new 2nd-stage SCI format (i.e. SCI format 2-C) can be used for RSAI feedback. On the other hand, for Scheme 2, considering that RSAI is a single conflict indication for UE-B’s SCI, PSFCH-like resources, including unused RBs in PSFCH symbols, can be used for RSAI feedback.
Proposal 3: For each option of inter-UE coordination (Scheme 1 with preferred resources, Scheme 1 with non-preferred resources, and Scheme 2), RSAI container is:
· For scheme 1 with preferred and non-preferred resource, new 2nd-stage SCI format (i.e. SCI format 2-C) is used for RSAI feedback.
· For scheme 2, PSFCH-like format can be used for RSAI feedback.
If new 2nd-stage SCI format (i.e. SCI format 2-C) is introduced for Scheme 1 RSAI feedback, we need to allow that the new 2nd-stage SCI can be transmitted without SL-SCH on a PSSCH transmission in order to avoid the inter-UE coordination delay. Specifically, if RSAI is transmitted by 2nd-stage SCI only when UE-A has data for transmission, this will bring out another delay for inter-UE coordination. In addition, when 2nd-stage SCI is transmitted without SL-SCH on a PSSCH transmission, 2nd-stage SCI can be mapped into whole PSSCH region to achieve lower coding rate. 
Proposal 4: New 2nd-stage SCI format (i.e. SCI format 2-C) can be transmitted without SL-SCH on a PSSCH transmission.
· 2nd-stage SCI without SL-SCH on a PSSCH transmission is mapped into whole PSSCH region.
2.2 Conditions for RSAI providing and receiving UE(s)
In RAN1#106-e meeting [1], conditions for UEs to be RSAI providing UE(s) (i.e., UE-A) and RSAI receiving UE(s) (i.e., UE-B) were discussed for supported inter-UE coordination Scheme 1 and Scheme 2, respectively and the following agreements were made:
· 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
· 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)
As indicated from agreements above, there are many options on the table to specify each of inter-UE coordination schemes. Especially, for Scheme 1, two options are listed where the first option is the explicit RSAI request and the second option is other than explicit RSAI request (as working assumption). However, considering that two RAN1 meetings are left, we need to specify the first option (explicit RSAI request) at first because the second option is currently the working assumption and many specification impacts are expected than the first option. For example, we need to specify condition(s) for triggering the second option. Also, if a dedicated RSAI resource is defined for the second option, we need to specify how to use this resource for RSAI transmission. Therefore, we need to consider down scoping and we propose:
Proposal 5: In Scheme 1, trigger condition(s) other than explicit request is not supported in Rel-17 to reduce work load.
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Figure 1 An example for any UE to be RSRI providing UE.
Secondly, we need to decide a condition for UEs to be RSAI providing UE(s) (i.e., UE-A). Based on the current agreements, it is opened that in Scheme 1, a non-destination UE of a TB transmitted by UE-B can be UE-A. On the other hand, it is working assumption in Scheme 2 that by (pre-)configuration, the non-destination UE of a TB transmitted by UE-B can be UE-A. At first, if the non-destination UE (i.e., any UE) can become UE-A, this adds more complexity. Specifically, we need to define an additional criteria to consider when UE-B triggers RSAI to any UE and also receives RSAI from any UE. For example, if a non-destination UE-A is in the opposite direction of the destination UE-A, The RSAI from the non-destination UE-A might not be helpful for UE-B to select resource(s) for the destination UE. This means that more design consideration is required how to determine UE-A when UE-B triggers RSAI to any UE and how to check the validity of RSAI from any UE. Otherwise, the performance can degrade by using RSAI. Furthermore, if the non-destination UE (i.e., any UE) can become UE-A for Scheme 2, there is a possibility that a resource is declared to be in conflict by a third UE when that conflict is not seen by the destination UE. To illustrate this, Figure 1 is provided. In Figure 1, there are two UE-As where UE-A1 is the destination UE of UE-B and UE-A2 is the non-destination UE of UE-B. Figure 1 also depicts that UE-A1 does not detect resource conflict cause by UE-C while UE-A2 detects a resource conflict by UE-C which transmits to UE-D. In this case, UE-C can cause resource conflict at UE-A2 but not for UE-A1. In other word, RSAI feedback from UE-A2 is unnecessary in UE-B’s aspect. In this regards, the necessity for non-destination UE (i.e., any UE) to be UE-A is not clear.
Proposal 6: For each option of inter-UE coordination (Scheme 1 with preferred resources, Scheme 1 with non-preferred resources, and Scheme 2), only a destination UE of a TB transmitted by UE-B can be UE A.
2.3 Scheme 1: RSAI – Preferred/Non-preferred resource
In RAN1#106-e meeting [1], UE behavior for RSAI providing UE(s) (i.e., UE-A) was discussed in the inter-UE coordination Scheme 1 (Preferred/Non-preferred resource) and the following agreements were made:
· In scheme 1, at least the following is supported to determine inter-UE coordination information of preferred resource set:
· UE-A considers any resource(s) satisfying all the following condition(s) as set of resource(s) preferred for UE-B’s transmission
· Condition 1-A-1:
· Resource(s) excluding those overlapping with reserved resource(s) of other UE identified by UE-A whose RSRP measurement is larger than a RSRP threshold
· FFS: Other details (if any)
· FFS: Condition 1-A-2:
· Resource(s) excluding slot(s) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B
· FFS: Other details (if any)
· FFS: Condition 1-A-3:
· Resource(s) satisfying UE-B’s traffic requirement (if available)
· FFS: Other details (if any)
· FFS: Other condition(s)
· FFS: Other details (if any)
· In scheme 1, at least the following is supported to determine inter-UE coordination information of non-preferred resource set:
· UE-A considers any resource(s) satisfying at least one of the following condition(s) as set of resource(s) non-preferred for UE-B’s transmission
· Condition 1-B-1:
· Reserved resource(s) of other UE identified by UE-A from other UEs’ SCI (including priority field) and RSRP measurement
· FFS: Other details (if any) 
· FFS: Condition 1-B-2:
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B
· FFS: Other details (if any)
· FFS: Other condition(s)
· FFS: Other details (if any)
According to the agreements above, the Condition 1-A-1 in Scheme 1 (Preferred resources) and the Condition 1-B-1 in Scheme 1 (Non-preferred resource) are agreed. This means that UE-A’s sensing results from decoding other UEs’ SCI and RSRP measurement are used for UE-A to determine RSAI. However, other conditions in the above agreements were not decided yet. In order to observe the performance benefits from the conditions listed above agreements, Figure 2 provides the performance of Scheme 1 (Preferred resource) with different conditions. In Figure 2, C1, C2, and C3 are correspond into the Condition 1-A-1, 1-A-2, and 1-A-3, respectively. Detailed parameters used in this evaluation are given in the Appendix. From Figure 2, the average packet reception ratio (PRR) gain from the Condition 1-A-2 in Scheme 1 (Preferred resources) can be obtained for both periodic and aperiodic traffics. This can be explained by the fact that Condition 1-A-2 can address the issues of half duplex problems. Specifically, when UE-A determines RSAI, UE-A considers that the resources used for its own transmission(s) are not preferred resource for UE-B’s transmission. In addition, in Scheme 1, UE-A does not have information of UE-B’s traffic requirement such as remaining PDB (Packet Delay Budget) if UE-B does not provide this information into UE-A. If this information is not available by UE-A, RSAI feedback based on UE-A sensing results may not valid for UE-B. Further signalling details are provided in Section 2.5. For common design of Scheme 1 both for preferred and non-preferred resource, we propose:
Proposal 7: For scheme 1 with preferred and non-preferred resource, UE-A determines RSAI based on the following conditions:
· Preferred or non-preferred resources UE-A’s sensing results (already agreed by Conditions 1-A-1 and 1-B-1)
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation
· UE-B’s remaining PDB
	[image: ]
(a) Periodic traffic
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(b) Aperiodic traffic


Figure 2 The performance of Scheme 1 (Preferred resource) with different conditions.
In addition, in RAN1#106-e meeting [1], UE behavior for RSAI receiving UE(s) (i.e., UE-B) was discussed in the inter-UE coordination Scheme 1 (Preferred/Non-preferred resource) and the following agreements were made:
· 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 Scheme 1, we need to consider additionally 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/non-preferred resources) to reflect RSAIs as for its transmission resource (re-)selection. However, if there are no or too little available preferred/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/non-preferred resources and the additional resources from the UE-As. Note that UE-A can transmit RSAI with difference preference levels to UE-B at the same time. As an example, Figure 3 illustrates how UE-B finds the available resources within a resource selection window from preferred resources from UE-A1 and UE-A2.


Figure 3 Finding available resources in UE-B based on preferred resources from UE-A1 and UE-A2 with different preference levels.
Proposal 8: UE-B can receive RSAI from multiple UE-As at least for groupcast.
· UE-B can use the intersection of preferred/non-preferred resources from UE-A(s) when applying RSAI for its transmission resource (re-)selection.
· UE-A can provide RSAI with different preference levels to enable UE-B to find sufficient preferred/non-preferred resources when receiving RSAI from multiple UE-As. 
· FFS details on preference level (e.g. based on SL RSRP).
2.4 Scheme 2: RSAI – Resource conflict
In RAN1#106-e meeting [1], UE behavior for RSAI providing UE(s) (i.e., UE-A) was discussed in the inter-UE coordination Scheme 2 (Resource conflict) and the following agreements were made:
· In scheme 2, at least the following is supported to determine inter-UE coordination information:
· Among resource(s) indicated by UE-B’s SCI, UE-A considers that expected/potential resource conflict occurs on the resource(s) satisfying at least one of the following condition(s): 
· Condition 2-A-1:
· Other UE’s reserved resource(s) identified by UE-A are fully/partially overlapping with resource(s) indicated by UE-B’s SCI in time-and-frequency
· FFS: Other details (if any) 
· FFS: Whether/how to specify additional criteria and other details (if any) including signaling details of conflict indication
· (Working Assumption) Condition 2-A-2: 
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation
· FFS: Other details (if any)
· FFS: Other condition(s)
· FFS: Other details (if any)
In Scheme 2, we support to confirm working assumption above (Condition 2-A-2) and then UE-A can determine RSAI based on two conditions of 2-A-1 and 2-A-2.
Proposal 9: Confirm the working assumption (Condition 2-A-2) in Scheme 2 as: 
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation 

2.5 Others
If new 2nd-stage SCI format (i.e. SCI format 2-C) is introduced for Scheme 1 RSAI feedback, we need to decide information fields included for this format. In this section, we provide candidate information fields which is useful for RSAI feedback. At first, UE-B can request RSAI feedback to UE-A and provide the following information into UE-A for RSAI feedback as:
· RSAI request
· This field is used for explicit RSAI request.
· Priority
· This field is used for indicating the priority of RSAI request.
· RSAI configuration 
· This field is used for UE-B to indicate whether UE-B’s requested RSAI is for preferred or non-preferred resources in Scheme 1.
· RSAI latency bound 
· This field is used for indicating UE-B’s remaining PDB.
· Resource size ()
· This field is used for indicating UE-B’s subchannel size in a slot used for the PSSCH transmission.
If UE-A receives above information from UE-B, UE-A can determine RSAI based on above information and then provide RSAI feedback to UE-B. In the above information, RSAI configuration can be provided by UE-A instead as: 
· RSAI configuration 
· This field is used for UE-A to indicate whether UE-A’s providing RSAI is for preferred or non-preferred resources in Scheme 1.
Also, if the information of resource size () is not provided from UE-B, UE-A can provide this information into UE-B as:
· Resource size ()
· This field is used for indicating UE-A’s assumed subchannel size in a slot for generating RSAI. 
In addition, the following fields can be included both when UE-B requests RSAI and UE-A provides RSAI feedback as:
· Zone ID and Communication range requirement 
· This field is used for calculating distance and checking validity of RSAI feedback and RSAI usage.
· Source ID and Destination ID 
· This field is used for distinguishing source and destination UE(s).
Proposal 10: Consider the following information fields if new 2nd-stage SCI format (i.e. SCI format 2-C) is introduced for Scheme 1 RSAI feedback.
· RSAI request 
· Priority
· RSAI configuration 
· RSAI latency bound 
· Resource size  
· RSAI feedback 
· Zone ID 
· Communication range requirement 
· Source ID 
· Destination ID 
In addition, before UE-A provides RSAI feedback and UE-B utilizes RSAI feedback, UE needs to check its validity at first in order to avoid unnecessary RSAI feedback and inaccurate RSAI usage by UE-A and UE-B, respectively. At first, latency can be considered as a metric used for the validation check, e.g. only RSAI within latency bound is valid. Source ID is another straightforward metric, e.g. if UE-A is intended receiver(s) of UE-B’s given transmission, RSAI generated by UE-A is valid. Furthermore, distance and SL-RSRP measurement between UE-A and UE-B can be considered also for RSAI validity check.
Proposal 11: For validation check of RSAI feedback and RSAI usage, consider the following metrics:
· Latency
· Source ID of UE-A
· Distance between UE-A and UE-B
· SL-RSRP of RSAI at UE-B
Lastly, if PSFCH is used for Scheme 2 RSAI feedback, we can consider following two options:
· Option 1: Multiplexing Scheme 2 RSAI feedback and HARQ-ACK feedback in PSFCH is not allowed 
· Option 2: Multiplexing Scheme 2 RSAI feedback and HARQ-ACK feedback in PSFCH is allowed
Option 1 above has a small specification impact but may have performance issue by not allowing or limiting resources for HARQ-ACK feedback. On the other hand, Option 2 has further specification impacts than Option 1. Specifically, in Rel-16, PSFCH resources used for HARQ-ACK are determined by:
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-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). 
To allocated PSFCH-like resources for conflict feedback, we can do this by multiplexing PSFCH-like resources for conflict feedback with the PSFCH resources for HARQ-ACK feedback. The multiplexing can be done in the time domain, or the frequency domain or cyclic shift domain.
1. In the time domain, when  is greater than 1 (i.e., 2 or 4), the PSFCH-like resources can use one or more of the slots unused for PSFCH for HARQ-ACK feedback. However, if the resource pool is being used by Rel-16 UEs, they would be unaware of the presence of PSFCH in these slots, which could cause interference.
2. In frequency domain. In this case, 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-Set) and PSFCH-like resources for conflict feedback, which can be provided by a new higher layer parameter e.g. sl-PSFCH-Conflict-Set.



(a)                                                  (b)
Figure 4: 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.
3. In code domain (cyclic shift domain). 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.
When providing conflict feedback for Scheme 2, UE-A can transmit a logical 0 in case of conflict and logical 1 in case of no conflict. Or UE-A can just transmit logical 0 in case of conflict and no transmission in case of no conflict (the corresponding cyclic shift is unused). As for the first Option 1 (Option 1-1), we can consider that different resource pools are used for conflict feedback and HARQ-ACK feedback, separately. 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. Another way for Option 1 (Option 1-2) can be frequency domain separation such that different PRB are allocated to the PSFCH for HARQ-ACK feedback and conflict feedback, separately. For Option 2, as we explained by Figure 4, we can consider the multiplexing of HARQ-ACK feedback and conflict feedback by using different cyclic shift pairs in code domain. Considering pros and cons for these options above, we propose: 
Proposal 12: Consider the following options for Scheme 2 RSAI feedback.
· Option 1-1: Multiplexing Scheme 2 RSAI feedback and HARQ-ACK feedback in PSFCH is not allowed in a resource pool. Different resource pools are used for conflict feedback and HARQ-ACK feedback.
· Option 1-2: Multiplexing conflict feedback and HARQ-ACK feedback in PSFCH is not allowed in the same PRB. Different PRBs are used for conflict feedback and HARQ-ACK feedback.
· Option 2: Multiplexing conflict feedback and HARQ-ACK feedback in PSFCH is allowed in the same PRB. Different cyclic shift pairs are used for conflict feedback and HARQ-ACK feedback.
3 Conclusions
This contribution discusses about inter-UE coordination. Based on the discussion, the following proposals are provided:
Proposal 1: In Scheme 2, the presence of detected resource conflict on the resources indicated by UE-B’s SCI is not supported in Rel-17.
Proposal 2: For each option of inter-UE coordination (Scheme 1 with preferred resources, Scheme 1 with non-preferred resources, and Scheme 2), RSAI becomes the followings:
· For scheme 1 with preferred and non-preferred resource, RSAI is a set of preferred resource candidates.
· For scheme 2, RSAI is a single conflict indication for UE-B’s SCI.
Proposal 3: For each option of inter-UE coordination (Scheme 1 with preferred resources, Scheme 1 with non-preferred resources, and Scheme 2), RSAI container is:
· For scheme 1 with preferred and non-preferred resource, new 2nd-stage SCI format (i.e. SCI format 2-C) is used for RSAI feedback.
· For scheme 2, PSFCH-like format can be used for RSAI feedback.
Proposal 4: New 2nd-stage SCI format (i.e. SCI format 2-C) can be transmitted without SL-SCH on a PSSCH transmission.
· 2nd-stage SCI without SL-SCH on a PSSCH transmission is mapped into whole PSSCH region.
Proposal 5: In Scheme 1, trigger condition(s) other than explicit request is not supported in Rel-17 to reduce work load.
Proposal 6: For each option of inter-UE coordination (Scheme 1 with preferred resources, Scheme 1 with non-preferred resources, and Scheme 2), only a destination UE of a TB transmitted by UE-B can be UE A.
Proposal 7: For scheme 1 with preferred and non-preferred resource, UE-A determines RSAI based on the following conditions:
· Preferred or non-preferred resources UE-A’s sensing results (already agreed by Conditions 1-A-1 and 1-B-1)
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation
· UE-B’s remaining PDB
Proposal 8: UE-B can receive RSAI from multiple UE-As at least for groupcast.
· UE-B can use the intersection of preferred/non-preferred resources from UE-A(s) when applying RSAI for its transmission resource (re-)selection.
· UE-A can provide RSAI with different preference levels to enable UE-B to find sufficient preferred/non-preferred resources when receiving RSAI from multiple UE-As. 
· FFS details on preference level (e.g. based on SL RSRP).
Proposal 9: Confirm the working assumption (Condition 2-A-2) in Scheme 2 as: 
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation 
Proposal 10: Consider the following information fields if new 2nd-stage SCI format (i.e. SCI format 2-C) is introduced for Scheme 1 RSAI feedback.
· RSAI request 
· Priority
· RSAI configuration 
· RSAI latency bound 
· Resource size  
· RSAI feedback 
· Zone ID 
· Communication range requirement 
· Source ID 
· Destination ID 
Proposal 11: For validation check of RSAI feedback and RSAI usage, consider the following metrics:
· Latency
· Source ID of UE-A
· Distance between UE-A and UE-B
· SL-RSRP of RSAI at UE-B
Proposal 12: Consider the following options for Scheme 2 RSAI feedback.
· Option 1-1: Multiplexing Scheme 2 RSAI feedback and HARQ-ACK feedback in PSFCH is not allowed in a resource pool. Different resource pools are used for conflict feedback and HARQ-ACK feedback.
· Option 1-2: Multiplexing conflict feedback and HARQ-ACK feedback in PSFCH is not allowed in the same PRB. Different PRBs are used for conflict feedback and HARQ-ACK feedback.
· [bookmark: _GoBack]Option 2: Multiplexing conflict feedback and HARQ-ACK feedback in PSFCH is allowed in the same PRB. Different cyclic shift pairs are used for conflict feedback and HARQ-ACK feedback.
4 Appendix
In this section, we provide the list of evaluation assumptions used in Figure 2.
Table 1 Simulation parameters used for evaluations
	Parameter
	Value

	Deployment scenario
	· Highway Option A scenario from NR V2X methodology
· Vehicle speed = 140 km/h

	Channel model
	TR 37.885, NR V2X Channel Model

	Number of antennas
	1TX and 2RX

	Spectrum allocation
	Carrier frequency: 6GHz
Simulated Bandwidth:20 MHz

	Subcarrier spacing
	15 kHz

	Communication mode
	Unicast

	Traffic model
	Periodic traffic Model 2(TR 37.885):
· Inter-packet arrival time: 30 ms
· Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
· Latency requirement: 30 ms
Aperiodic traffic Model 1(TR 37.885):
· Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
· Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes
· Latency requirement: 50 ms

	TTI structure
	NR Slot TTI: 10 Symbols for Data, 4 Symbols for overhead

	MCS 
	The lowest MCS index
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