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1	Introduction
In this contribution, the remaining open issues related to the resource allocation mode 2 AI in NR SL Rel-16 are discussed.
[bookmark: _Ref178064866]2	Processing times
The current specifications define the sensing window in terms of the parameters T0 and Tproc,0. While T0 is configurable, the specification does not define Tproc,0. In our view, Tproc,0 is the time required for decoding all transmissions in a slot. Table 1, obtained from TS 38.214, summarizes the processing times for PDSCH processing for the case that is most related to the physical layer structure of sidelink (i.e., with DMRS delay and simplest capabilities).
[bookmark: _Ref23961685]Table 1. PDSCH processing times 
	SCS
	Processing time

	15 kHz
	13 symbols (0.92 ms)

	30 kHz
	13 symbols (0.46 ms)

	60 kHz
	20 symbols (0.36 ms)

	120 kHz
	24 symbols (0.21 ms)



Given that the Rel-16 SL design is essentially slot-centric, we propose to specify Tproc,0 in terms of slots. Changes to the specification may be introduced without problems in a later release. Based on this, we propose to have Tproc,0 equal to 1 slot for 15 and 30 kHz and 2 slots for 60 and 120 kHz. 
[bookmark: _Toc40461720]Tproc,0 is defined as 1 slot for 15 kHz and 30 kHz and 2 slots for 60 kHz and 120 kHz.
In RAN1#99, it was agreed to have (pre-)configurable T2min (per SCI-priority level). Moreover, the following list of values was agreed: {1, 5, 10, 20}*2µ, where μ is given by the sub-carrier spacing. However, the selection window has been defined as [n+T1,n+T2], where is up to UE implementation with the restriction that T2 ≥ T2min. The corresponding field description (SL-UE-SelectedConfigRP) in the RRC specification states the following [2]:
	SL-UE-SelectedConfigRP field descriptions

	…

	sl-SensingWindow
Parameter that indicates the start of the sensing window.

	…


Note that unless T1 = 0 or T1 = 1, the value T2min = 1 cannot be used. Our proposal is to modify the specification so that the list of values correspond to T2min – T1.
[bookmark: _Toc40461718]Some of the smallest values agreed for T2min result in an empty selection window.
[bookmark: _Toc40461721]Modify the definition of the parameter so that it corresponds to T2min – T1 and inform RAN2.
Regarding Tproc,1, our view is that it is the time required for preparing a PSCCH/PSSCH transmission. Table 2, obtained from TS 38.214, summarizes the preparation times for PUSCH (i.e., with simplest capabilities).
[bookmark: _Ref24012265]Table 2. PUSCH preparation times 
	SCS
	Preparation time

	15 kHz
	10 symbols (0.71 ms)

	30 kHz
	12 symbols (0.43 ms)

	60 kHz
	23 symbols (0.41 ms)

	120 kHz
	36 symbols (0.32 ms)


Given that the Rel-16 SL design is essentially slot-centric, we propose to specify Tproc,1 in terms of slots. Changes to the specification may be introduced without problems in a later release. Noting that the selection window is defined as [n+T1,n+T2] (rather than (n+T1,n+T2)), we propose to take the values in Table 2 plus one slot, resulting in Tproc,1 equal to 2 slots for 15 and 30 kHz and 2 slots for 60 and 120 kHz.
[bookmark: _Toc24152096][bookmark: _Toc40461722]Tproc,1 is 2 slots for 15 kHz and 30 kHz, 3 slots for 60 kHz, and 4 slots for 120 kHz.
Finally, re-evaluation of Steps 1 and 2 is defined in terms of T3. In our view, this is conceptually the same as Tproc,0. However, in the way the agreement on re-evaluation states that “The re-evaluation of the (re-)selection procedure for a resource reservation signalled in a moment ‘m’ is not required to be triggered at moment > ‘m – T3’ (i.e. resource reselection processing time needs to be ensured)”, meaning that re-evaluation at t =m – T3 is possible. Thus, it is necessary to add an additional slot, i.e., T3 = Tproc,0 + 1.
[bookmark: _Toc24152094][bookmark: _Toc40461723]T3 = Tproc,0 + 1, measured in slots.
3	Reservations
In RAN1#100bis-e, the following agreement was made:
	Agreements:
· In Step 2, a UE should/shall select resources so that HARQ retransmission resources can be reserved by a prior SCI, except that
· In case no resource can be found for reservation (e.g., based on the identified candidate set after Step 1) for a retransmission of a TB, the re-transmission can be transmitted on a resource that is not reserved
· After the resource selection is performed, HARQ retransmission on a resource not reserved by a prior SCI is allowed due to transmission dropping caused by prioritization, pre-emption and congestion control
· To discuss and conclude “should vs. shall” in RAN1#101


In our view, the behavior described by the agreement is desirable. Together with the working assumption below, it enables the use of reservations, which is crucial for proper sensing and Mode-2 operation. From this point of view, the mandating the behavior would be desirable. However, this would entail listing all possible exceptions. We do not believe that this is possible in one meeting.
[bookmark: _Toc40461719]Mandating the behavior of selecting resources so that HARQ retransmission resources can be reserved by a prior SCI requires listing all possible exceptions.
[bookmark: _Toc40461724]Finalize the agreement from RAN1#100bis-e as ”In Step 2, whenever possible the UE selects resources so that HARQ retransmission resources can be reserved by a prior SCI”. Details can be left up to UE implementation.
In RAN1#100bis-e, the following working assumption was made:
	Working assumption:
· The UE should/shall indicate first in time min(Nselected, N) first-in-time resources when setting the values of frequency resource assignment and time resource assignment in SCI format 0_1, where
· Nselected is the number of resources selected by MAC within 32 slots (including the current one)
· N is the maximum number of resources that can be signalled in one SCI
· To discuss and conclude “should vs. shall” in RAN1#101


In our view, the text is clear and there is certainly no problem with it. Nothing prevents the UE, when preparing the SCI format 0_1 from signaling as described in the text. Moreover, the behavior is clearly desirable from a receiver point of view, as it helps in sensing.
Regarding the use of should or shall, we additionally note the following:
· There is currently no agreement supporting that the UE indicates anything else.
· There is no saving (e.g., in number of SCI bits, etc.) by not making use of all available reservation capabilities.
That is, the alternative is to artifically reduce the number of reservations signaled in SCI, even if the UE has internally selected the resources. In our view, there is no reason to proceed in such way. The simulation results in Figure 1 show that there is indeed some advantage in making use of all the reservations that can be signaled in one SCI. The simulation results in Figure 2 and Figure 3 show that, even at system level, it is better to make use of the reservations even if they are not used in some cases due to the reception of HARQ-ACK. Further details about the simulations, including the corresponding assumptions, can be found in [3].
[image: ]
[bookmark: _Ref40299975]Figure 1. PRR performance for broadcast traffic for 3 blind transmissions with different number of reservations signaled in SCI.
[image: ]
[bookmark: _Ref40300311]Figure 2. PRR performance for ‘Reserved retransmission’, ‘Non-reserved retransmission’, and ‘Blind retransmission’ with aperiodic unicast traffic.
[image: ]
[bookmark: _Ref40300313]Figure 3. PRR performance for ‘Reserved retransmission’, ‘Non-reserved retransmission’, and ‘Blind retransmission’ with aperiodic groupcast traffic.
In conclusion, there is no reason not to confirm the working assumption and, unlike the previous case, the behavior shall be mandated.
[bookmark: _Toc40461725]Confirm the working assumption with the use of ”shall”.
In RAN1#100-e, the following was agreed and concluded.
	Agreements:
· Down-select in the next meeting one of the following options 
· Option 1: There is no separate field in the first stage SCI indicating a resource index for the purpose of backward indication, i.e., backward indication is not supported
· Option 2: When periodic reservations are enabled in a resource pool, a separate field of 1 bit in the first stage SCI indicates a resource index for the purpose of backward indication
· Option 3: When periodic reservations are enabled in a resource pool, a separate field of ceil(log2(Nmax)) bit in the first stage SCI indicates a resource index for the purpose of backward indication
Conclusion
· Evaluate till the next meeting whether given the agreed set of configurable reservation periodicities, the change to the exclusion procedure is necessary, wherein currently all configured period values are used for exclusion as inherited from LTE.


In our view, Option 2 can cover all cases of interest. 
[bookmark: _Toc40461726]Support Option 2.
Regarding changes to the exclusion procedure, we do not see the need for them. The number of periodicities is at most the same as in LTE.
[bookmark: _Toc40461727]No changes to the exclusion procedure.
4	Re-evaluation of Steps 1 and 2
In RAN1#100bis-e, the following was agreed:
	Agreements:
· It is up to UE implementation to reselect any pre-selected but not reserved resource which is still in the identified resource set after Step 1 in order to ensure the timing restrictions during reselection triggered by re-evaluation and/or pre-emption
· The timing restrictions at least include the HARQ RTT related minimum gap Z agreed in RAN1#100e
· FFS how to handle the case that there is no resources satisfying the timing restrictions in the identified resource set after Step 1



For the case that no resources can be found, we see two alternatives: 1) increase the RSRP thresholds; 2) reselect all pre-selected but not reserved resources. In our view, increasing the RSRP thresholds is not desirable because it has a higher risk of collision. We think that it is preferable that the UE reselectes all pre-selected but not signaled resources. We also think that this is implicitly allowed by the agreement, since this is a possible implementation.
[bookmark: _Toc40461728]No additional specification is introduced to deal with ”the case that there is no resources satisfying the timin restriciton in the indetified resource set after Step 1”.
In RAN1#100-e, the following was agreed:
	Agreements:
· For re-evaluation of a pre-selected resource contained in a slot ‘k’ to be first time signaled in a slot ‘m’, where k ≥ m,
· Step 1 of the resource (re-)selection procedure is performed at least at the moment ‘m-T3’, and if the pre-selected resource is not in the identified candidate resource set, Step 2 is triggered for reselection of the resource
· Re-evaluations before the moment ‘m-T3’ or after ‘m-T3’ but before ‘m’ are not precluded and are up to UE implementation
· FFS whether to mandate a UE to perform Step 1 checking every slot before ‘m-T3’
· FFS whether evaluation of Step 2 has to ensure any introduced timing restrictions between pre-selected and re-selected resources when re-evaluation is triggered, and whether it is allowed to change the pre-selected but not reserved resources which are still in the candidate resource set in order to ensure the timing restrictions
· FFS whether for the case of enabled periodic reservation, already reserved resources in upcoming periods can be re-evaluated


In our view, there is no need to mandate re-evaluation in very slot before ‘m-T3’. It is already a possible UE implementation.
[bookmark: _Toc40461729]The specification does not require a UE to perform Step 1 checking in every slot before ‘m-T3’.
Regarding periodic reservations, our view is that they should be respected as stated in the agreement above. That is, once the UE has made a periodic reservation it cannot re-valuate step 1 and step 2.
[bookmark: _Toc40461730]Re-evaluation of periodic reservations is not supported after the reserving SCI has been transmitted.
5	Pre-emption
In the current specifications, there are some unclear or missing parts in the procedure for pre-emption. The following agreement was made in RAN1#98bis:
	[bookmark: _Hlk31723116][bookmark: _Hlk31723145]Agreements:
· Support a resource pre-emption mechanism for Mode-2
· A UE triggers reselection of already signaled resource(s) as a resource reservation in case of overlap with resource(s) of a higher priority reservation from a different UE and, SL-RSRP measurement associated with the resource reserved by that different UE is larger than an associated SL-RSRP threshold
· [bookmark: _Hlk32442403]Only the overlapped resource(s) is/are reselected
· FFS
· the timeline for reselection
· other details
· FFS whether or not to support other potential UE behaviour (e.g, power boosting/reduction)
· This mechanism can be enabled or disabled, per resource pool
· FFS details


The agreement was implemented in [1] as follows:
	5.22.1.2	TX resource (re-)selection check
If the TX resource (re-)selection check procedure is triggered for a Sidelink process according to clause 5.22.1.1, the MAC entity shall for the Sidelink process:
1>	if SL_RESOURCE_RESELECTION_COUNTER = 0 and when SL_RESOURCE_RESELECTION_COUNTER was equal to 1 the MAC entity randomly selected, with equal probability, a value in the interval [0, 1] which is above the probability configured by upper layers in sl-ProbResourceKeep; or
1>	if a pool of resources is configured or reconfigured by upper layers; or
1>	if there is no configured sidelink grant; or
1>	if neither transmission nor retransmission has been performed by the MAC entity on any resource indicated in the configured sidelink grant during the last [second]; or
1>	if sl-ReselectAfter is configured and the number of consecutive unused transmission opportunities on resources indicated in the configured sidelink grant is equal to sl-ReselectAfter; or
1>	if the configured sidelink grant cannot accommodate a RLC SDU by using the maximum allowed MCS configured by upper layers in sl-MaxMCS-PSSCH and the MAC entity selects not to segment the RLC SDU; or
NOTE 1:	If the configured sidelink grant cannot accommodate the RLC SDU, it is left for UE implementation whether to perform segmentation or sidelink resource reselection.
1>	if transmission(s) with the configured sidelink grant cannot fulfil the latency requirement of the data in a logical channel according to the associated priority, and the MAC entity selects not to perform transmission(s) corresponding to a single MAC PDU; or
NOTE 2:	If the latency requirement is not met, it is left for UE implementation whether to perform transmission(s) corresponding to single MAC PDU or sidelink resource reselection.
1>	if a sidelink transmission is scheduled by any received SCI indicating a higher priority than the prority of the logical channel and expected to overlap with a resource of the configured sidelink grant, and a measured result on SL-RSRP associated with the sidelink transmission is higher than [threshold]:
2>	clear the configured sidelink grant associated to the Sidelink process, if available;
2>	trigger the TX resource (re-)selection.


In our view, SCI priorities should be compared to each other, instead of comparing the received SCI priority with the priority of the logical channel to be transmitted. We note that RAN2 are unlikely to make the change on their own initiative.
[bookmark: _Toc24152099][bookmark: _Toc40461731]In the evaluation of the condition for determining reselection due to pre-emption, SCI priorities are used. Send an LS to RAN2.
The process of pre-emption is typically as follows:
1. UE2, which has a low-priority message, selects resource X for future transmission and sends an SCI with a reservation. 
2. UE1, which has a high-priority message, after performing sensing, selects resource X for future transmission as well and sends an SCI with a reservation
3. Reception of the SCI transmitted by UE1 triggers pre-emption for UE2.
4. UE2 selects a new resource for its transmission based on its sensing information.
An example of the first three steps is depicted in Figure 3. 

[image: ]
[bookmark: _Ref31811433]Figure 4. Example of resource reselection mechanism in NR Mode-2.
Regarding timeline, it is necessary that the pre-emption message is signaled sufficiently in advance so that the pre-emption signaling could be received and processed by the pre-empted UE, to avoid collisions. In our view, this is the processing time Tproc,0 discussed above (see Table 1).
[bookmark: _Toc24152100][bookmark: _Toc40461732]A UE with a reservation for transmission in slot n does not expect a pre-emptying SCI to arrive outside the sensing window [n – T0, n – Tproc,0).
In RAN1#100bis-e, the following was agreed:
	Agreements:
· Once pre-emption re-selection condition is met at the UE, re-selection is performed for all resources which satisfy the pre-emption re-selection condition 
· A UE ensures the HARQ RTT related minimum time gap Z agreed in RAN1#100-e, between re-selected and non-preempted resources during the re-selection triggered by pre-emption
· FFS cases when timing restriction could not be met
· FFS whether/how to extend it to periodic reservations


In our view, if the UE cannot meet the timing restrictions then it should defer from selecting new resources. In some cases, it may be possible to select a smaller number of resources than originally intended without breaking the time constraints. We believe that the UE implementation can deal with such possibility.
[bookmark: _Toc40461733]If the timing restrictions cannot be met, the UE does not select the corresponding resources. If multiple resources are affected, details are up to UE implementation, including the possibility of selecting a smaller number of resources.
Regarding the FFS for periodic reservations, we note the following:
· If the pre-empting SCI indicates a periodic reservation, then the pre-emption applies to the periodic resources as well. This is already covered in the original agreement (from RAN1#98bis) supporting pre-emption.
· If the pre-empting SCI does not indicate a periodic reservation, then the existing agreements and specification explain how they are used, etc.
In our view, pre-emption of resources in slot ‘m’ does not include resources in a later slot, even if the pre-empted UE intended to reserve some resources by transmitting an SCI in the same slot.
[bookmark: _Toc40461734]If the periodic reservation is not pre-empted, the use of the resources indicated in the periodic follows the existing agreements. 
Regarding the following two working assumptions made in RAN1#100bis-e, we acknowledge that they could be simplified but from an operation point of view, there would be no difference. Thus, they can be confirmed without further discussion.
	Agreements: Finalize the RRC parameter for pre-emption activation per resource pool by
· Disabled
· Enabled. Default is without a priority level (i.e., pre-emption is applicable to all levels). 
· Can optionally configuring a priority level p_preemption {1…8} (the value range is a working assumption), and (as a working assumption regarding “<”) if prioRX < p_preemption, and prioTX > prioRX, then pre-emption can be triggered 
· Note: In the inequalities it is assumed that the lowest priority value corresponds to the highest priority/importance traffic
· prioRX is the priority associated with the resource indicated in SCI, as per 8.1.4 in 38.214
· prioTX is L1 priority within a UE associated with the reserved resources, as per 8.1.4 in 38.214


[bookmark: _Toc40461735]Confirm the working assumptions on the value range and inequality sign in the agreement on pre-emption from RAN1#100bis-e.
Finally, we emphasize the pre-emption creates a disruption to the system and, as such, its impact should be minimized. This can be done by prioritizing pre-emption of those resources which are likely to be unused. For example, resources reserved for HARQ-based retransmissions should be prioritized for pre-emption by the high priority UE as they are not used in the case of ACK.
[bookmark: _Toc40461736]RSRP thresholds are (pre-)configured for each TX-RX priority pair for initial transmission and retransmission.
6	Conclusion
In the previous sections we made the following observations: 
Observation 1	Some of the smallest values agreed for T2min result in an empty selection window.
Observation 2	Mandating the behavior of selecting resources so that HARQ retransmission resources can be reserved by a prior SCI requires listing all possible exceptions.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Tproc,0 is defined as 1 slot for 15 kHz and 30 kHz and 2 slots for 60 kHz and 120 kHz.
Proposal 2	Modify the definition of the parameter so that it corresponds to T2min – T1 and inform RAN2.
Proposal 3	Tproc,1 is 2 slots for 15 kHz and 30 kHz, 3 slots for 60 kHz, and 4 slots for 120 kHz.
Proposal 4	T3 = Tproc,0 + 1, measured in slots.
Proposal 5	Finalize the agreement from RAN1#100bis-e as ”In Step 2, whenever possible the UE selects resources so that HARQ retransmission resources can be reserved by a prior SCI”. Details can be left up to UE implementation.
Proposal 6	Confirm the working assumption with the use of ”shall”.
Proposal 7	Support Option 2.
Proposal 8	No changes to the exclusion procedure.
Proposal 9	No additional specification is introduced to deal with ”the case that there is no resources satisfying the timin restriciton in the indetified resource set after Step 1”.
Proposal 10	The specification does not require a UE to perform Step 1 checking in every slot before ‘m-T3’.
Proposal 11	Re-evaluation of periodic reservations is not supported after the reserving SCI has been transmitted.
Proposal 12	In the evaluation of the condition for determining reselection due to pre-emption, SCI priorities are used. Send an LS to RAN2.
Proposal 13	A UE with a reservation for transmission in slot n does not expect a pre-emptying SCI to arrive outside the sensing window [n – T0, n – Tproc,0).
Proposal 14	If the timing restrictions cannot be met, the UE does not select the corresponding resources. If multiple resources are affected, details are up to UE implementation, including the possibility of selecting a smaller number of resources.
Proposal 15	If the periodic reservation is not pre-empted, the use of the resources indicated in the periodic follows the existing agreements.
Proposal 16	Confirm the working assumptions on the value range and inequality sign in the agreement on pre-emption from RAN1#100bis-e.
Proposal 17	RSRP thresholds are (pre-)configured for each TX-RX priority pair for initial transmission and retransmission.
[bookmark: _Ref174151459][bookmark: _Ref189809556]
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