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1	Introduction
[bookmark: _Hlk90461917]During RAN plenary the following list of topics were discussed and accepted as the high priority ones to be discussed during RAN1#107-bis-e for inter-UE coordination.
	· Physical layer aspects on solution(s) on enhancement(s) in mode 2 for enhanced reliability and reduced latency including
· Scheme 1
· Finalization of contents and containers of UE-A’s inter-UE coordination information and UE-B’s explicit request, including determination of destination UE(s) for UE-A’s inter-UE coordination information and UE-B’s explicit request
· Finalization of behaviour of UE-B receiving resource set(s) from UE-A(s)
· Finalization of when and with which information UE-A generates and/or transmits an inter-UE coordination information, including triggering based on condition(s) other than an explicit request
· Finalization of when UE-B generates and/or transmits an explicit request
· Finalization of resource selection and/or multiplexing with sidelink transmissions for UE-A’s inter-UE coordination information and UE-B’s explicit request
· Finalization of prioritization of inter-UE coordination information and explicit request
· Combination of preferred/non-preferred resources with explicit request/condition triggers
· Scheme 2
· Finalization of determination of PSFCH resource/index for conflict indication
· Finalization of behaviour of UE-B receiving a conflict indication from UE-A
· Finalization of prioritization of conflict indication
· Finalization of how to determine UE-B among UEs scheduling conflicting TBs, including whether/how to handle, or differently handle, the case when at least one of UEs scheduling conflicting TBs doesn’t support Scheme 2


2	Scheme 1
2.1	Container of IUC message 
In the last RAN1#107-e meeting the following was agreed regarding the container of the inter-UE coordination message for scheme 1.
	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



There are two different containers that can be used in Inter-UE coordination scheme 1 to transmit the inter-UE coordination information: MAC CE and 2nd stage SCI. Regarding the design of the MAC CE container, in our view this should be left up to RAN2 to implement while RAN1 takes care of the remaining aspects of the inter-UE coordination procedure and details.
[bookmark: _Toc92826287]The design of the MAC CE message as IUC container for scheme 1 is left up to RAN2.
Regarding the 2nd stage SCI design to be used as container of the inter-UE coordination message, the default procedure for scheme 1 is to use MAC CE which can be used under all conditions. Only in some particular cases, i.e., when N < value and when the Rx UE supports it, the 2nd stage SCI is used. In our view, the inter-UE coordination scheme 1 works as intended without additionally using the 2nd stage SCI.
[bookmark: _Toc92826259]The default mechanism for inter-UE coordination scheme 1 is to use the MAC CE signalling as container for the coordination message. 
Moreover, it is necessary to define the 2nd stage SCI which can be used to transmit the inter-UE coordination information under some condition. Therefore, we propose to introduce a new SCI-2 (2-C) format which includes the fields within the SCI format 2-A as defined in Rel-16 and additionally the N combinations of TRI, FRIV and resources reservation period in order to provide time-frequency information about the set of resources included in the coordination message.
[bookmark: _Toc92826288]Introduce a new SCI-2 format (2-C). The format SCI 2-C includes the fields in the SCI format 2-A as defined in Rel-16 and the N combinations of TRI, FRIV and resource reservation period.
2.2	Contents of the inter-UE coordination message
One of the biggest issues that scheme 1 has in order to be viable is the big overhead introduced by the used signalling. In our view, it is possible to optimize the signaling overhead by indicating within the same transmission both sets of resources (i.e., preferred and non-preferred) as follows:
· If the RSRP measurement and the associated SCI priority is lower than a certain threshold  the resources are labelled as preferred.
· If the RSRP measurement and the associated SCI priority is higher than a certain threshold  the resources are labelled as non-preferred.
· The rest of the resources which do not fulfil the previous conditions but can still be selected by UE-B under certain conditions, e.g., not enough resources in the preferred set of resources, can be labelled as available resources.

[bookmark: _Toc92826289]For Scheme 1, support to transmit within the same coordination message the sets of preferred, non-preferred and remaining resources using different RSRP thresholds.
2.3	Triggering conditions
For the question on when to trigger the transmission of coordination information or request for the coordination information, we explain our proposal below:
Option 1: Case of explicit request for coordination information
In this case, UE-B requests explicitly to UE-A for a coordination message in order to improve its resource selection. It is important that conditions on the request shall be specified in order to limit the overhead associated with the requests and the corresponding replies. Therefore, we propose to trigger a request for coordination information in the following case:
· UE-B triggers the request for coordination message upon detecting a (potential) re-selection of resources for its own periodic transmission. For instance, in case of periodic transmissions, whenever a re-selection of resources is needed, i.e., the value of the reselection counter is equal to zero and new resource(s) need to be selected. UE-B performs a transmission where the SCI corresponding to that transmission includes a re-selection counter equal to zero.
[bookmark: _Toc92826290]UE-B triggers an explicit request to UE-A once resource (re-)selection is expected to be performed by UE-B for its periodic transmission, e.g., (re-)selection counter is equal to zero for periodic transmissions.
Option 2: Case without explicitly request for coordination information
In this second option, UE-B does not request the coordination message explicitly, but UE-A sends the coordination message proactively under certain detected conditions. For instance:
· UE-A transmits the coordination message upon detecting that UE-B needs to/may perform a re-selection of its resources, e.g., due to re-selection of resources in periodic transmissions or due to a pre-emption mechanism triggered at UE-B.

The main advantage of this Option 2 is that there is no extra delay due to not having a request for the coordination message, but UE-A sends the coordination message upon detecting the re-selection/pre-emption situation, i.e., a situation where collisions are prone to happen. 
[bookmark: _Toc92826291]UE-A transmits a coordination message if it detects a resource re-selection is to be performed by UE-B (e.g., Prsvp changes its value to zero).
2.4	UE-B behavior
In RAN1#106-e, the following was agreed on UE-B’s behavior for resource (re-)selection when it receives inter-UE coordination information in 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)



As can be seen from the above agreements, for both cases of preferred and non-preferred resource set, it is supported that UE-B’s resource(s) to be used for its transmission is based on both UE-B’s sensing result and the received coordination information. This option is applicable when UE-B does perform sensing, and therefore, it has its own set of resources.
Preferred resource set
A remaining aspect to consider is how UE-B uses the information from both set of resources, i.e., the one contained in the coordination message and its own set of resources. In our view, UE-B should prioritize the resources which are included in both sets, i.e., the intersection of both sets. However, it could be possible under certain circumstances that the intersection of both sets does not fulfill the requirements for the resource allocation procedure, e.g., the number of candidate resources is smaller than a predefined threshold. In this situation, UE-B shall select resources from its own resource set in order to fulfill the requirement on the number of resources.
[bookmark: _Toc92826292]UE-B prioritizes resources which are present in both resource sets, i.e., common resources included in both the coordination message and UE-B’s own sensing results. In case the number of common resources is less than a pre-defined threshold, UE-B selects the remaining resources from its own set.
Based on the previous proposal, we support the following option as discussed in RAN1#106b-e:
	· For Option A of Scheme 1, if UE-B receives the set of preferred resource(s) determined by Condition 1-A-1, 
· If the number of candidate single-slot resources belonging to the intersection between the preferred resource set and S_A obtained after Step 7) of Rel-16 TS 38.214 Section 8.1.4 is larger than or equal to a threshold, 
· Physical layer at UE-B reports the intersection set instead S_A to higher layer for its resource (re-)selection.
· Otherwise
· After physical layer at UE-B replenishes the intersection set till its size meets threshold by randomly adding remaining resources from S_A obtained after Step 7) of Rel-16 TS 38.214 Section 8.1.4, it reports the updated intersection set instead S_A to higher layer for its resource (re-)selection.


For the case of preferred set of resources, in the other option (Option B in the above agreement) UE-B only uses the information contained in the coordination message to perform the resource selection. For this case, we have done simulations comparing the performance of Option A, when a UE performs re-evaluation/re-selection of resources and when it uses exclusively the information from the coordination message without further re-evaluation and/or reselections as shown in Figure 1. The simulation assumptions can be found in Appendix A-1.
[image: Chart, scatter chart

Description automatically generated]
[bookmark: _Ref83996860]Figure 1: PRR performance of scheduled UE’s with different alternatives for inter-UE coordination scheme 1 using preferred set of resources.
As observed in Figure 1, PRR is degraded when the delay (i.e., the lapse between the time the preferred resource set is determined by UE-A and the time when this information is available at UE-B) is increased from 0 to 4 slots. This is caused by the coordination information from UE-A becoming outdated between the time it was acquired by UE-A and the time when UE-B has processed the coordination message and made it available for resource selection, potentially resulting in collision. The longer the delay, the more outdated the coordination message becomes, further degrading performance. On the other hand, in Option A, UE-B is able to resolve any updates in channel information through its own sensing information and re-evaluation, if enabled. Furthermore, even if re-evaluation is disabled for option A UEs, the performance is better compared to option Option B. Therefore, the results of our simulations show that using re-evaluation is critical to avoid performance degradation. In summary:
· UE-B should not discard its own sensing information.
· After receiving inter-UE coordination, UE-B should continue performing re-evaluation and pre-emption and re-selecting resources, if necessary.

[bookmark: _Toc92826260]For Scheme 1 using preferred set of resources, discarding sensing information available at UE-B (Option B) severely degrades the PRR performance.
[bookmark: _Toc92826261]For Scheme 1 using preferred set of resources, not using re-evaluation/re-selection at UE-B degrades the PRR performance.
Based on the simulation results, it is clear that relying solely on the coordination information is not the best procedure in terms or reliability. Therefore, we propose to use Option B only in the case where a UE cannot perform SL sensing, i.e., in case it does not have SL reception capabilities. For the rest of cases where the UE is capable of performing sensing, the UE must use the combination of its own sensing result and the information from the coordination message. 
[bookmark: _Toc92826293][bookmark: _Toc92803604]For scheme 1 using preferred set of resources, Option B is only used when a UE does not support sensing.
3	Scheme 2
3.1	UE procedure for IUC indication
In RAN1#106bis-e, the following agreement was made on how to convey the presence of expected/potential resource conflict on reserved resource(s) indicated by UE-B’s SCI. 
	Agreement
For Scheme 2, PSFCH format 0 is used to convey the presence of expected/potential resource conflict on reserved resource(s) indicated by UE-B’s SCI.



Regarding the physical layer procedure to determine the PSFCH resource for the transmission of inter-UE coordination in scheme 2, we propose to reuse as much as possible the PSFCH procedure for HARQ feedback which was specified for NR SL Rel-16. Based on this, the following was agreed in the last RAN1#106bis-e meeting.  
	Agreement
For allocating PSFCH resources in Scheme 2, at least following can be (pre)configured separately from those for SL HARQ-ACK feedback.
· Set of PRBs for PSFCH transmission/reception (sl-PSFCH-RB-Set) 

Agreement
For Scheme 2, 
· Index of a PSFCH resource for inter-UE coordination information transmission is determined in the same way according to Rel-16 TS 38.213 Section 16.3 with at least following modification
· P_ID is L1-Source ID indicated by UE-B’s SCI
· M_ID is 0
· FFS: How to set m_CS
· FFS: How to set m_0
· FFS: Whether M_ID can be (pre)configured

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



When it comes to m_CS, we believe that the IUC indication from all UE-As for a particular resource conflict detection should use the same resource (time, frequency and sequence). Moreover, given that the UE-B behaviour on receiving the IUC indication should be the same (i.e., performing resource (re-)selection, there is no advantage in differentiating the indication for different kind of collisions (e.g., collision with reservations from other UEs or when UE-A does not expect to perform reception). Therefore, we propose to set m_CS to zero in all the cases. 
[bookmark: _Toc92826294]m_CS is set to 0 for both the condition 2-A-1 and condition 2-A-2, agreed in previous RAN1 meeting. 
For determining m_0, we propose to reuse Rel. 16 procedure i.e., a UE determines m_0 value from a cyclic shift pair index corresponding to a PSFCH resource index and from  using Table 16.3-1 in TS 38.312. 
[bookmark: _Toc92826295]m_0 value is determined according to Rel. 16 procedure (i.e., using Table 16.3-1 in TS38.313). 
3.2	Timing gap between the PSFCH and SCI(s) scheduling conflicting TB
For determining PSFCH occasion in Scheme 2, the following has been agreed including an FFS for the timing gap between the PSFCH and the SCI. 
	Agreement
For Scheme 2, when PSFCH occasion is derived by a slot where expected/potential resource conflict occurs on PSSCH resource indicated by UE-B’s SCI, 
· Time gap between the PSFCH and SCI(s) scheduling conflicting TBs is larger than or equal to X value. 
· FFS: Details of X



Based on the previous agreement, the earliest available PSFCH resource for IUC indication is derived by a slot where expected/potential resource conflict occurs also considering the SCI processing time, IUC preparation time and IUC processing time as shown in the figure below. 
[image: Graphical user interface, application

Description automatically generated with medium confidence]
[bookmark: _Ref86694833]Figure 2: The resource used for transmitting the IUC, e.g., PSFCH resource, is derived based on the slot/resources where the collision is expected.
Additionally, for scheme 2, it is possible that the first available PSFCH resource for IUC indication is derived by a slot where UE-B’s SCI is transmitted and considering the SCI processing time, IUC preparation time and IUC processing time. This is shown in the figure below. 
[image: Graphical user interface

Description automatically generated with low confidence]
Figure 3: The resource used for transmitting the IUC, e.g., PSFCH resource, is derived based on the slot/resources where the information used to determine an expected collision, e.g., UE-B’s SCI, is transmitted.
[bookmark: _Toc92803608][bookmark: _Toc92807350][bookmark: _Toc92826296]The time gap X between the PSFCH and the SCI scheduling the conflict resource(s) considers the processing times and preparation time of the SCI and the IUC message.
In case the available PSFCH occasions does not fulfil the processing time limitations, the UE-A does not transmit any IUC indication i.e., UE-A drops the IUC transmission and UE-B does not expect to receive IUC indication (i.e., no monitoring of IUC is expected from UE-B on PSFCH occasions which do not fulfil processing time constraints). 
[bookmark: _Toc92826297]For Scheme 2, UE-A does not transmit a coordination message if the corresponding PSFCH occasion does not fulfil the requirements on processing time (e.g., SCI decoding) and preparation time (e.g., coordination message preparation time).
[bookmark: _Toc92826298]For Scheme 2, UE-B does not expect a coordination message if the corresponding PSFCH occasion does not fulfil the requirements on processing time (e.g., coordination message decoding time) and reaction time (e.g., skipping transmission, etc.). UE-B is not expected to perform any action in response to a coordination message transmitted on a PSFCH occasion that does not fulfil the abovementioned time requirements.  
3.3	UE-B behavior on the reception of IUC indication
In RAN1#106-e, the following agreement was made for the action taken by the UE-B on the reception of IUC indication in Scheme 2. 
	Agreement
In scheme 2, the following UE-B’s behavior in its resource (re)selection is supported when it receives inter-UE coordination information from UE-A:
· UE-B can determine resource(s) to be re-selected based on the received coordination information
· UE-B can reselect resource(s) reserved for its transmission when expected/potential resource conflict on the resource(s) is indicated
· FFS: Other details (if any) 




According to the above agreement, UE-B triggers reselection of the resources upon receiving an inter-UE coordination message for Scheme 2. However, it could be the case that upon receiving the coordination message, UE-B cannot reliably re-select resources to perform its transmission, e.g., if the arrival of the coordination message is too close to the PDB not allowing for a minimum resource selection window.  Therefore, we propose that upon receiving the resource coordination message – in the case where UE-B cannot re-select resources after receiving the IUC in scheme 2 – it does not trigger reselection.
[bookmark: _Toc92826299]UE-B does not perform (re-)selection of resources due to Scheme 2 inter-UE coordination if the remaining PDB is below a (pre-)configured threshold.
3.4	UE-A behavior for resource conflict determination and IUC transmission
In RAN1#106-e and RAN1#106bis-e, the following was agreed on how UE-A determines the resource conflict. 
	Agreement
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)

Working Assumption
A resource pool level (pre-)configuration can enable one of the following options: 
· Option 1:
· For Condition 2-A-1 of Scheme 2, support following additional criteria to determine resource(s) where expected/potential resource conflict occurs
· For the case when UE-A is a destination UE of a TB transmitted by UE-B
· The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) whose RSRP measurement is larger than a RSRP threshold according to the priorities included in the SCI:
· prio_TX and prio_RX are the priorities indicated in the SCI making the overlapping reservations for UE-B and other UE respectively
· For the case when UE-A is a destination UE of a TB transmitted by another UE
· The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) when RSRP measurement of UE-B’s reserved resource is larger than a RSRP threshold according to the priorities included in the SCI:
· prio_TX and prio_RX are the priorities indicated in the SCI making the overlapping reservations for other UE and UE-B respectively
· Option 4:
· For Condition 2-A-1 of Scheme 2, support following additional criteria to determine resource(s) where expected/potential resource conflict occurs
· For the case when UE-A is a destination UE of a TB transmitted by UE-B
· The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) whose RSRP measurement is larger than a (pre)configured RSRP threshold compared to the RSRP measurement of UE-B’s reserved resource. 
· For the case when UE-A is a destination UE of a TB transmitted by another UE
· The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) when RSRP measurement of UE-B’s reserved resource is larger than a (pre)configured RSRP threshold compared to the RSRP measurement of the resource(s). 
· Support of Option 4 is subject to UE capability
· FFS: Whether/how RSRP threshold depends on priority, MCS, overlap




The remaining question is how to determine prio_TX and prio_RX for the determination of resource conflict. In other words, which SCI indicates prio_TX and prio_RX in order to reuse the Rel. 16 procedure. In our view, this is a configuration issue as RSRP threshold is defined according to prio_TX and prio_RX. If prio_TX – prio_RX and prio_RX – prio_TX are both configured to have a same RSRP threshold, it will not matter which SCI is associated to prio_TX and prio_RX. However, we propose to associate prio_TX to the SCI which allows the UE-A to determine the expected resource conflict. 
[bookmark: _Toc92826300]UE expects symmetric configuration of RSRP thresholds based on priorities. 
[bookmark: _Toc92826301]Prio_TX is determined from the priority indicated in SCI which allows the UE-A to determine the expected resource conflict i.e., SCI which comes at later time. Prio_RX is determined from the priority indicated in SCI which comes first i.e., UE-A cannot determine resource conflict based on the SCI. In case SCIs are transmitted simultaneously, it is up to UE implementation to determine Prio_TX and Prio_RX. 
Once UE-A determines the prio_TX and prio_RX, it can reuse the Rel-16 procedure to determine the resource conflict. 
[bookmark: _Toc92826302]Rel-16 procedure is reused for resource conflict determination by UE-A. 
Furthermore, there could be scenarios when UE-A needs to transmit/receive HARQ feedback and IUC indication in the same slot. For these scenarios, we propose to reuse Rel. 16 prioritization rules. In case, the total number of HARQ feedbacks and IUC indications happen to be more than N PSFCH (which is the number of simultaneous PSFCH transmissions that UE supports), HARQ feedbacks are considered to be of high priority as compared to IUC indication. The prioritization among IUC transmissions can be based on prio_TX.
[bookmark: _Toc92826303]HARQ feedback has priority over IUC and the Rel-16 prioritization rules for simultaneous PSFCH transmissions are reused. 
3.5	Scenarios and applicability
Use of PSFCH for conveying inter-UE coordination allows for using inter-UE coordination even when the number of potential UE-As is large. This is the case for groupcast communications (esp. Option 1) as well as broadcast communications. Furthermore, the applicability of Scheme 2 to unicast communications is straightforward. Based on this we propose the following. 
[bookmark: _Toc92826304]Scheme 2 is supported for unicast, groupcast (Options 1 and 2), and broadcast SL Mode 2 communications.
[bookmark: _Toc71530523][bookmark: _Toc71551805][bookmark: _Toc71530524][bookmark: _Toc71551806][bookmark: _Toc71551808][bookmark: _Toc71551809]4	Inter-UE coordination for power saving UEs
In our view, it is important to consider all the scenarios where the inter-UE coordination mechanism could be useful and pursue as much as possible a unified mechanism. During RAN1#103-e, it was agreed in the power saving AI to consider UEs which can only receive PSFCH and S-SSB for evaluation and designing of the SL features for Rel-17. Consequently, such UEs cannot perform sensing. The presence of such UEs degrades the performance for all the UEs in the system. Moreover, it was agreed in the power saving agenda that the re-evaluation and pre-emption checking can be triggered by the inter-UE coordination scheme 2 regardless of the UE operation.
	Conclusion
· SL reception Type A and Type D should be used as the reference for evaluation and designing of SL power saving features in R17. 
· Type A: UE is not capable of performing reception of any SL signals and channels, FFS with exception of performing PSFCH and S-SSB reception (aim to conclude in RAN1#104-e)
· Type D: UE is capable of performing reception of all SL signals and channels defined in R16. It does not preclude UE to perform reception of a subset of SL signals/channels
· If there are evaluations with assumptions other than the above reference, the detailed assumptions need to be reported
· Note: the types and the associated capability defined here are not intended to be defined as Rel-17 UE features as is. 
Conclusion:
· PSFCH reception is not included for Type A UE
· S-SSB reception is not included for Type A UE
· SL reception Type B is additionally added
· Type B: Same as Type A with an exception of performing PSFCH and S-SSB reception
· Note: the same conditions as in RAN1#103-e regarding the context of the discussion of Type A and Type D still apply (also applicable to type B)

From the power saving agenda:
	Conclusion:
No additional triggering enhancement on top of existing Rel-16 mechanism in re-evaluation and pre-emption checking for partial sensing UEs in Rel-17, including enabling / disabling re-evaluation by (pre-)configuration.


· This does not restrict the triggering of re-evaluation and pre-emption checking due to inter-UE coordination message in scheme 2 (if agreed).



It is desirable that such UEs can make use of the inter-UE coordination framework to reduce the degradation as much as possible. Of course, this should not play against their original goal of saving power. In our view, inter-UE coordination using Scheme 2 is very suited for this purpose as it does not require a big increase in RX time while Scheme 1 is not suitable to be used with power saving UEs.
Regarding Scheme 1, there are two potential cases: the case of Option A where UE-B combines the information from the coordination message along with its own sensing information. Since we are discussing non-sensing UEs, Option A is not relevant since there is no sensing information gathered by UE-B. In the case of Option B in scheme 1, UE-B does not have any sensing information of its own and it might use the coordination information sent by UE-A to perform the resource selection. This coordination information may arguably improve the performance of the resource selection since it includes information about the available resources, however, based on the power saving operation from UE-B the following behavior is expected:
· UE-B is not able to receive any SL transmission, i.e., Type-A UE; or
· UE-B is only able to receive S-SSB transmissions for synchronization purposes and PSFCH transmissions.
Therefore, based on these two behaviors it is not feasible that UE-B is able to receive the coordination message with the structure that is defined for scheme 1. The size of the inter-UE coordination message for scheme 1 for both preferred and non-preferred resources is too large to be carried by PSFCH.
Moreover, using PSSCH for conveying the coordination message in scheme 1 requires that the transmission is scheduled following the existing procedures, which makes the arrival time at UE-B unknown. Consequently, UE-B has to be awake/ready to receive the coordination message during a certain period, i.e., has to be sensing for a certain period of time, which defies the idea of performing a power saving operation where the sensing time has to be reduced as much as possible. 
[bookmark: _Toc92826262]It is not suitable to use the Inter-UE coordination Scheme 1 for non-sensing UEs, i.e., type-A and type-B, due to the format and the non-deterministic time of arrival of the coordination message in Scheme 1.
For the case of scheme 2, we analyze the benefits of inter-UE coordination in a scenario where some of the UEs do not perform sensing (e.g., Type-A UEs in Partial Sensing). We consider the following two types of UEs that do not perform sensing. The simulation assumptions can be found in Appendix A-2.
· O1 – Full Sensing UEs using the Rel-16 sensing and resource allocation procedure. This is the baseline.
· O2 – Full Sensing UEs using collision prevention (Scheme 2)
· O3 – No Sensing UE
· The UE selects resources at random, without any sensing information.
· O4 – No Sensing with inter-UE coordination with single bit messages
· The UE selects resources at random, without any sensing information.
· After every transmission, the UE checks if it has received an inter-UE coordination message (single bit). If received, the UE drops the concerned reservation and reselects resources.
Figure 2 includes results from two simulations. In the first simulation, inter-UE coordination was not used (the resulting curves are those for O1 and O3). In the second simulation, inter-UE coordination was used (the resulting curves are those for O2 and O4). The results are presented for two distributions of Full Sensing and No Sensing UEs: the first one (solid curves) is approximately 90%/10%; the second one (dash-dotted curves) is 50%/50%.
We note that the use of inter-UE coordination not only significantly improves the performance of ‘Full Sensing’ UEs (O1 vs O2) but also that of ‘No Sensing’ UEs (O3 vs O4). Indeed ‘No Sensing’ UEs obtain the biggest advantage using inter-UE coordination.
[image: ]
[bookmark: _Ref79156495]Figure 4: PRR comparison for full-sensing and non-sensing UEs with and without Inter-UE coordination
[bookmark: _Toc92826263]Inter-UE coordination Scheme 2 is beneficial in the presence of UEs that do not perform sensing by themselves.
[bookmark: _Toc92826305]Non-sensing UEs support inter-UE coordination using Scheme 2.
For the case where a UE is capable of performing sensing but performs random resource selection mechanism, i.e., there is no sensing for the initial reservation of resources, we propose based on the simulation results the following procedure:
· UE-B that performs random resource selection, i.e., no sensing, received the coordination message from UE-A which is the intended receiver of the transmission.
· UE-B perform resource exclusion at the time of receiving the coordination message based only on the information from UE-A and creates a set of resources S_A1.
· Upon creating a set of candidate resources based only on the coordination information from UE-A, UE-B performs re-evaluation/re-selection of the set of resources which results in a candidate set of resources composed of a subset of the resources in S_A1, i.e., S_A2  S_A1.
· In case the transmission is not successful, i.e., a HARQ-NACK is received for the transmission based only on the coordination message, UE-B performs sensing for the re-transmission, i.e., it creates the candidate set of resources based on its own information and coordination message from UE-A.

[bookmark: _Toc92826306]A UE capable of sensing triggers re-evaluation/pre-emption procedure after receiving a set of resources within the scheme 1 Inter-UE coordination framework for both Option A and Option B if supported. 
[bookmark: _Toc92826307]For a UE capable of sensing operating under Option B if the initial transmission based only on the coordination information is not successful, e.g., received HARQ-NACK, the UE performs sensing for resource selection for the re-transmission. 

5	Text proposals related to Inter-UE coordination
5.1	Text proposal for 38.213 
The following text has been included in the draft specification for NR SL Rel-17:
	[bookmark: _Toc45699243][bookmark: _Toc83289715]16.3.1	UE procedure for receiving PSFCH with control information 
[bookmark: _Toc83289716]<Unchanged parts omitted>
A UE that transmitted SCI format 1-A, indicating one or more reserved resources, and enabled by inter-UECoordinationScheme2, attempts to receive associated PSFCH with conflict information in a resource pool in PSFCH resources that the UE determines as described in clause 16.3.0. If the UE determines presence of a resource conflict based on conflict information in a PSFCH reception, the UE reports the resource conflict to higher layers.
<Unchanged parts omitted>



In our view, the text is not completely aligned with the following agreement reached in RAN1 and some further clarification or addition is needed into the specification.
	Agreement
In scheme 2, the following UE-B’s behavior in its resource (re)selection is supported when it receives inter-UE coordination information from UE-A:
· UE-B can determine resource(s) to be re-selected based on the received coordination information
· UE-B can reselect resource(s) reserved for its transmission when expected/potential resource conflict on the resource(s) is indicated
· FFS: Other details (if any) 



Therefore, we propose the following TP in order to align the specification text with the agreements and the intended behaviour of the UE upon receiving the conflict indication. 
	16.3.1	UE procedure for receiving PSFCH with control information 
<Unchanged parts omitted>
A UE that transmitted SCI format 1-A, indicating one or more reserved resources, and enabled by inter-UECoordinationScheme2, attempts to receive associated PSFCH with conflict information in a resource pool in PSFCH resources that the UE determines as described in clause 16.3.0. If the UE determines presence of a resource conflict based on conflict information in a PSFCH reception, the UE reports the resource conflict to higher layers in order to trigger re-selection of the reserved resources.
<Unchanged parts omitted>



[bookmark: _Toc92826308]Adopt the previous TP for the UE behavior upon receiving a resource conflict in [TS38.213, 16.3.1].
5.2	Text proposal for 38.214 
The following text has been included in the draft specification for NR SL Rel-17:
	8.1.4C	  UE procedure for using a received resource set 
A UE configured with the higher layer parameter interUECoordinationScheme1 enabling reception of preferred or non-preferred inter-UE co-ordination information uses a received resource set as follows when performing resource (re-)selection:
-	if the received resource set is a preferred resource set, the UE uses in its resource (re-)selection resource(s) belonging to the preferred resource set when the UE has no own sensing result, otherwise the UE uses in its resource (re-)selection resource(s) belonging to the preferred resource set in combination with its own sensing result.
<Unchanged parts omitted>



In our view, the text is not completely aligned with the following agreement reached in RAN1 regarding when a UE has to use the preferred resource set of resources without using its own sensing information. 
	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)




Therefore, we propose the following TP in order to align the specification text with the agreements and the intended behaviour of the UE:
	8.1.4C	  UE procedure for using a received resource set 
A UE configured with the higher layer parameter interUECoordinationScheme1 enabling reception of preferred or non-preferred inter-UE co-ordination information uses a received resource set as follows when performing resource (re-)selection:
-	if the received resource set is a preferred resource set, the UE uses in its resource (re-)selection resource(s) belonging to the preferred resource set when the UE  does not support sensing or resource exclusionhas no own sensing result, otherwise the UE uses in its resource (re-)selection resource(s) belonging to the preferred resource set in combination with its own sensing result.
<Unchanged parts omitted>



[bookmark: _Toc92826309]Adopt the previous TP for the UE behaviour upon receiving a preferred resource set in [TS38.214, 8.1.4].

6	Conclusion
In the previous sections we made the following observations: 
Observation 1	The default mechanism for inter-UE coordination scheme 1 is to use the MAC CE signalling as container for the coordination message.
Observation 2	For Scheme 1 using preferred set of resources, discarding sensing information available at UE-B (Option B) severely degrades the PRR performance.
Observation 3	For Scheme 1 using preferred set of resources, not using re-evaluation/re-selection at UE-B degrades the PRR performance.
Observation 4	It is not suitable to use the Inter-UE coordination Scheme 1 for non-sensing UEs, i.e., type-A and type-B, due to the format and the non-deterministic time of arrival of the coordination message in Scheme 1.
Observation 5	Inter-UE coordination Scheme 2 is beneficial in the presence of UEs that do not perform sensing by themselves.
Based on the discussion in the previous sections we propose the following:
Proposal 1	The design of the MAC CE message as IUC container for scheme 1 is left up to RAN2.
Proposal 2	Introduce a new SCI-2 format (2-C). The format SCI 2-C includes the fields in the SCI format 2-A as defined in Rel-16 and the N combinations of TRI, FRIV and resource reservation period.
Proposal 3	For Scheme 1, support to transmit within the same coordination message the sets of preferred, non-preferred and remaining resources using different RSRP thresholds.
Proposal 4	UE-B triggers an explicit request to UE-A once resource (re-)selection is expected to be performed by UE-B for its periodic transmission, e.g., (re-)selection counter is equal to zero for periodic transmissions.
Proposal 5	UE-A transmits a coordination message if it detects a resource re-selection is to be performed by UE-B (e.g., Prsvp changes its value to zero).
Proposal 6	UE-B prioritizes resources which are present in both resource sets, i.e., common resources included in both the coordination message and UE-B’s own sensing results. In case the number of common resources is less than a pre-defined threshold, UE-B selects the remaining resources from its own set.
Proposal 7	For scheme 1 using preferred set of resources, Option B is only used when a UE does not support sensing.
Proposal 8	m_CS is set to 0 for both the condition 2-A-1 and condition 2-A-2, agreed in previous RAN1 meeting.
Proposal 9	m_0 value is determined according to Rel. 16 procedure (i.e., using Table 16.3-1 in TS38.313).
Proposal 10	The time gap X between the PSFCH and the SCI scheduling the conflict resource(s) considers the processing times and preparation time of the SCI and the IUC message.
Proposal 11	For Scheme 2, UE-A does not transmit a coordination message if the corresponding PSFCH occasion does not fulfil the requirements on processing time (e.g., SCI decoding) and preparation time (e.g., coordination message preparation time).
Proposal 12	For Scheme 2, UE-B does not expect a coordination message if the corresponding PSFCH occasion does not fulfil the requirements on processing time (e.g., coordination message decoding time) and reaction time (e.g., skipping transmission, etc.). UE-B is not expected to perform any action in response to a coordination message transmitted on a PSFCH occasion that does not fulfil the abovementioned time requirements.
Proposal 13	UE-B does not perform (re-)selection of resources due to Scheme 2 inter-UE coordination if the remaining PDB is below a (pre-)configured threshold.
Proposal 14	UE expects symmetric configuration of RSRP thresholds based on priorities.
Proposal 15	Prio_TX is determined from the priority indicated in SCI which allows the UE-A to determine the expected resource conflict i.e., SCI which comes at later time. Prio_RX is determined from the priority indicated in SCI which comes first i.e., UE-A cannot determine resource conflict based on the SCI. In case SCIs are transmitted simultaneously, it is up to UE implementation to determine Prio_TX and Prio_RX.
Proposal 16	Rel-16 procedure is reused for resource conflict determination by UE-A.
Proposal 17	HARQ feedback has priority over IUC and the Rel-16 prioritization rules for simultaneous PSFCH transmissions are reused.
Proposal 18	Scheme 2 is supported for unicast, groupcast (Options 1 and 2), and broadcast SL Mode 2 communications.
Proposal 19	Non-sensing UEs support inter-UE coordination using Scheme 2.
Proposal 20	A UE capable of sensing triggers re-evaluation/pre-emption procedure after receiving a set of resources within the scheme 1 Inter-UE coordination framework for both Option A and Option B if supported.
Proposal 21	For a UE capable of sensing operating under Option B if the initial transmission based only on the coordination information is not successful, e.g., received HARQ-NACK, the UE performs sensing for resource selection for the re-transmission.
Proposal 22	Adopt the previous TP for the UE behavior upon receiving a resource conflict in [TS38.213, 16.3.1].
Proposal 23	Adopt the previous TP for the UE behaviour upon receiving a preferred resource set in [TS38.214, 8.1.4].
[bookmark: _Toc40438595][bookmark: _Toc40350319][bookmark: _Toc40350341][bookmark: _Toc46180190][bookmark: _Toc46180211][bookmark: _Toc46180191][bookmark: _Toc46180212][bookmark: _Toc46180192][bookmark: _Toc46180213][bookmark: _Toc40448022][bookmark: _Toc40448529]Appendix – Simulation Assumptions
A-1	Analysis of Option A and Option B for Scheme 1
Table 1 contains the different simulations assumptions used for generating the results comparing Option A and Option B for Scheme 1. Other assumptions and models follow TR 37.885 and TR 38.885.
[bookmark: _Ref71622759]Table 1: Simulation assumptions
	
	Parameter
	Value

	Scenario
	Deployment
	Highway Option A

	
	Number of UEs
	155 (As determined by TR 37.885)
   - 100 Rel-16 UEs capable of utilizing inter-UE coordination message
   - 55 UEs capable of generating inter-UE coordination message

	
	Channel models
	See TR 37.885

	Traffic
	Model
	Aperiodic medium intensity with fixed packet size 800 bytes

	
	PDB
	50 ms

	
	Cast Mode
	Groupcast Option 2 with group distance = 500 m

	RF
	Carrier frequency
	6 GHz

	
	Bandwidth
	40 MHz

	
	SCS
	30 kHz

	
	Antenna configuration
	2 TX / 2 RX

	Pool configuration
	Sub-channels
	4

	Scheduling
	Max. transmissions per TB
	4

	
	Reservations per SCI
	1

	
	Gap between retransmissions
	2 slots

	
	MCS
	16QAM with CR=1/2

	Sensing
	RSRP threshold
	-80 dBm

	Inter-UE Coordination Model
	Overhead
	No overhead with error-free transmission assumption

	
	Processing Delay
	0 or 4 slots assumed for processing of inter-UE coordination message processing at receiving UE side

	
	Coordinator UE selection
	Based on closest distance


A-2	Analysis of Inter-UE coordination and power saving UEs
Table 2 contains the different simulations assumptions used for generating the results on the use of inter-UE coordination together with power-saving UEs. Other assumptions and models follow TR 37.885 and TR 38.885.
[bookmark: _Ref71622704]Table 2: Simulation assumptions
	
	Parameter
	Value

	Scenario
	Deployment
	Highway Option A

	
	Number of UEs
	155 (As determined by TR 37.885)

	
	Channel models
	See TR 37.885

	Traffic
	Model
	Aperiodic medium intensity with fixed packet size 800 bytes

	
	PDB
	50 ms

	
	Cast Mode
	Groupcast Option 2 with group distance = 500 m

	RF
	Carrier frequency
	6 GHz

	
	Bandwidth
	40 MHz

	
	SCS
	30 kHz

	
	Antenna configuration
	2 TX / 2 RX

	Pool configuration
	Sub-channels
	4

	Scheduling
	Max. transmissions per TB
	4

	
	Reservations per SCI
	1

	
	Gap between retransmissions
	2 slots

	
	MCS
	16QAM with CR=1/2

	Sensing
	RSRP threshold
	-80 dBm
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