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1. Introduction
At the RAN1#104-e meeting [1], there were discussions on resource allocation for power saving and several agreements were reached. In this contribution, we share our views on resource allocation enhancement for power saving.

2. Discussions
2.1. Periodic-based partial sensing
2.1.1. Candidate resources
	Agreements: In a resource pool (pre-)configured with at least partial sensing, if UE performs periodic-based partial sensing, at least when the reservation for another TB (when carried in SCI) is enabled for the resource pool and resource selection/reselection is triggered at slot n, it is up to UE implementation to determine a set of Y candidate slots within a resource selection window, where
· FFS condition(s) and timing(s) for which periodic-based partial sensing is performed by UE
· The resource selection window is [n+T1, n+T2]
· As a baseline, T1 and T2 are defined in the same way as in R16 NR-V2X according to step 1 [TS 38.214 Sec. 8.1.4]
· Further discuss whether or not to introduce a threshold to re-define T1 and T2 such that 
· T1 ≥ 0 (subject to processing time constraint Tproc, 1), and T2 ≤ remaining PDB
· T2-T1 ≤ (pre-)configured threshold
· A minimum value for Y is (pre-)configured from a range of values, FFS details
· FFS any restriction to determine Y candidate slots (including its relationship with SL-DRX)
· FFS whether the resource selection window [n+T1, n+T2] should be confined within a set of periodic set of resources and its relationship with SL-DRX
· Note: The terminology “periodic-based partial sensing” is based on the “partial sensing” used in LTE-V and it is intended to be used for the design and discussion of partial sensing in Rel-17.


At the last meeting, the above agreements were reached for partial sensing. When UE performs periodic-based partial sensing, Y candidate slots are selected from resource selection window [n+T1, n+T2], which is the same as LTE-SL specification. Still some FFS points are remaining, then further discussions for them are necessary.
Sensing target determination (red text in above)
Some enhancements on Y slots determination from LTE-SL mechanism are considered from the last RAN1 meeting. The motivation is better power saving performance. If Y candidate slots are selected as close as possible, corresponding sensing slots for resource selection become close each other. This means a longer set of sleep mode is possible. At the same time, sensing slots after slot n for re-evaluation/pre-emption check can be less due to overlaps of sensing slots corresponding to each of Y slots. Furthermore, RX side can transition into sleep state earlier; for example, after RX-UE reports NACK for a TB reception, this UE will keep wake-up to receive the retransmission (DRX retransmission timer discussed in RAN2). Contiguous/adjacent Y candidate slots contribute to achieve earlier transmission completion of a TB. In summary, we believe this motivation is feasible and enhancement would be necessary.
Observation 1:
· Enhancement on determination of Y candidate slots is necessary so that Y candidate slots are selected as close as possible.
Regarding solution to solve this issue, the following two options will be considerable. Note that option 1 was proposed at the last meeting and listed as above red text.
· Option 1: Restriction on T1, T2
· Option 2: Restriction on Y candidate slots
Option 1 is to introduce restriction on T1 and T2. In Rel-16 sidelink, definitions of T1 and T2 are  and  if ; otherwise, , respectively. Instead of these definitions, T2−T1 i.e. width of window shall be not larger than (pre-)configured threshold, which was proposed at the last meeting. If this threshold is small value, contiguous/adjacent Y slots are selectable as much as possible.
Option 2 is to introduce restriction on Y candidate slots. In LTE-SL, The selection is up to UE implantation under constraints of the selection window. As further restriction, it would be considerable that time gap between the first slot of Y candidate slots and the last one shall be not larger than (pre-)configured threshold. This is illustrated in the following figure.
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Fig.1: Restriction on determination of Y candidate slots
In our understanding, achievable performance is same thereby either option would be OK. From implementation perspective or specification effort perspective, option 2 seems better since selection window is same as that for full sensing. For example, sensing window can be common at a UE that is capable of full sensing and partial sensing. Therefore, we slightly prefer option 2.
Proposal 1:
· For determination of a set of Y candidate slots in partial sensing,
· Definitions of T1 and T2 are the same as in Rel-16
· , where
· : the last slot index in a set of Y candidate slots
· : the first slot index in a set of Y candidate slots
· : is a (pre-)configured parameter

Applicability (blue text in above)
At the last meeting, a topic was discussed that when does UE perform periodic-partial sensing. This has not concluded yet as above blue text, so further discussion is necessary. In our understanding, key point of this discussion is whether or not periodic-partial sensing is applied to aperiodic traffic as well as periodic traffic. Basically aperiodic traffic happens suddenly at a UE, that is, the UE cannot predict the TB generation beforehand. Meanwhile, UE might have sensing results for periodic-based partial sensing, which are sensed to transmit periodic traffic. In this case, the sensing information should be used for aperiodic transmission as well so that better resource exclusion is performed. Note that, if the sensing results are not ‘full’ results corresponding to Y candidate slots, it is possible that resource exclusion does not work well and more resource collisions occur. Careful evaluation would be required to allow to use ‘partial’ results corresponding to Y candidate slots.
Proposal 2:
· Periodic-based partial sensing is applied for the following cases:
· A UE transmits a traffic with a resource reservation interval , or
· A UE transmits a traffic with a resource reservation interval  and all sensing results corresponding to a set of Y candidate slots are available
· FFS: A UE transmits a traffic with a resource reservation interval  and a part of sensing results corresponding to a set of Y candidate slots are available

In addition, we wonder whether the selection mechanism of Y candidate slots are applied to contiguous partial sensing as well. When a UE transmits a periodic traffic, it seems feasible that the UE shall do both of periodic-based partial sensing and contiguous partial sensing. In other words, Y candidate slots shall be common for them. This aspect should be clarified.
Proposal 3:
· Agreements in RAN1#104-e on determination of a set of Y candidate slots are commonly applied to periodic-based partial sensing and contiguous partial sensing.

2.1.2. Sensing target
	Agreements: In a resource pool (pre-)configured with at least partial sensing, if UE performs periodic-based partial sensing, at least when the reservation for another TB (when carried in SCI) is enabled for the resource pool and resource selection/reselection is triggered at slot n, the UE monitors slots of at least one periodic sensing occasion, where a periodic sensing occasion is a set of slots according to  if tvSL is included in the set of Y candidate slots.
· Preserve is a periodicity value from the configured set of possible resource reservation periods allowed in the resource pool (sl-ResourceReservePeriodList). Down select to one:
· Option 1:  Preserve corresponds to all values from the configured set sl-ResourceReservePeriodList
· Option 2:  Preserve corresponds to a subset of values from the configured set sl-ResourceReservePeriodList
· FFS how to determine the subset (e.g., by (pre-)configuration, UE determination)
· Option 3:  Preserve is a common divisor among values in the configured set sl-ResourceReservePeriodList
· Option 4: FFS others
· k is selected according to (down select to one)
· Option 1: Only the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction
· Option 2: The two most recent sensing occasions for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction
· Option 3: All possible sensing occasions after 
· Option 4: Only one periodic sensing occasion for one reservation period. The k value is up to UE implementation. Max value for k is (pre-)configured.
· Option 5: k is (pre-)configured, including multiple values
· Option 6: (pre-)configuration of a bitmap, same as in LTE-V
· Option 7: FFS others
· FFS relationship between periodic sensing occasions and SL-DRX
· FFS condition(s) and timing(s) for which periodic-based partial sensing is performed by UE
· Note: companies are encouraged to show performance data for the down selections


Based on determined set of Y candidate slots, sensing slots for periodic-based partial sensing are decided as above agreements. Periodic-based partial sensing is aiming to detect periodic reservations from other UEs, thereby it is desirable from exclusion performance perspective that previous slots according to all (pre-)configured periodicities in the resource pool are monitored in several periods. On the other hand from power consumption perspective, less monitoring slots will be better. For the trade-off issue, several options of P_reserve and k are listed as above.
Observation 2:
· On P_reserve and k, there is a trade-off between resource exclusion performance and power saving performance.

Regarding P_reserve, we prefer option 1. Resource exclusion should be performed based on all possible periodicities; otherwise, many resource collisions are expected and high reliability that is assumed as achievable performance in NR-SL becomes impossible. Amount of sensing slots can be adjusted by k definition, so option 1 for P_reserve should be adopted. Option 2 will lead to degradation of system performance as pointed out. Option 3 is not preferable since common devisor could be only 1, hence this option is not good for unified design. 
Proposal 4:
· For P_reserve, support option 1.
· i.e. P_reserve corresponds to all values from the configured set sl-ResourceReservePeriodList

Regarding k, we prefer another option enhanced from option 1 and option 2. As abovementioned, the trade-off is important aspect. Option 1 monitors only the most recent occasion (k = 1). Option 2 monitors the two recent occasions (k = 1, 2). Compared to option 1, option 2 will be better exclusion performance while more power consumption is expected. In our understanding, which is better is dependent on required performance level. If the resource pool is used for basic safety service of V2X as LTE-SL for example, not so high reliability is required then option 1 would be fine. Meanwhile, if used for advanced service of V2X as NR-SL, option 2 or more occasions would be better for high reliability. To achieve this flexibility, we propose to monitor the K recent occasions, where K is (pre-)configured parameter. Appropriate value can be set by e.g. regulator. Option 3 is not good from power saving performance. On option 4, motivation is unclear. Periodic transmission can be started/updated from the most recent occasion for a given reservation periodicity but this option is possible to monitor only more previous slots than the most recent occasion. Such possibility seems unnecessary and option 1/2-like mechanism is sufficient. Option 5 is involved with similar question to option 4. Option 6 seems same option as option 5.
Observation 3:
· Option 1/Option 2 for k do not have flexibility on trade-off between resource exclusion performance and power saving performance.
· Option 4/Option 5/Option 6 for k is possible to monitor only more previous slots than the most recent occasion. Resource reservation in the most recent occasion is missed, so the possibility seems unnecessary.
Proposal 5:
· For k, support option 7.
· The K most recent sensing occasions for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction.
· A value K is (pre-)configured.

2.2. Contiguous partial sensing
	Agreements:
· In a resource pool (pre-)configured with at least partial sensing, if UE performs contiguous partial sensing and resource (re-)selection is triggered in slot n, support the following option:
· Option 1: For the purpose of resource (re-)selection, the UE monitors slots between [n+TA, n+TB] and performs identification of candidate resources, in or after slot n+TB, based on all available sensing results, including periodic-based partial sensing results (if applicable).
· FFS TA, TB (including the possibility of equal to zero, positive or negative) and remaining details (in particular, whether there should be exclusion of slots, changes in TA/TB values for different purposes, etc.)
· FFS whether n can be replaced by e.g., index of some of Y candidate slots
· FFS condition(s) in which contiguous partial sensing is performed by UE
· FFS interaction with SL-DRX, if any
· FFS interaction with periodic-based partial sensing, if any
· Other options are not precluded 
· Note: This option is not to replace random resource selection only without sensing or re-evaluation and pre-emption checking


At the last meeting, contiguous partial sensing was agreed to cover aperiodic reservation, which was introduced in NR-SL. When a packet is arrived and resource selection is triggered at slot n, slots within a window [n+TA, n+TB] are monitored. This window is separately set from that for periodic-based partial sensing. Details of TA and TB have not been concluded yet, so further discussions are necessary. In addition, based on the TA/TB definitions, it seems that some enhancement on determination of a set of Y candidate slots should be introduced so that the window [n+TA, n+TB] is NOT zero-width or small width.
TA and TB (red text in above)
First of all, we believe that definition of this window should be separately defined between aperiodic traffic and periodic traffic. As said above, packet arrival timing of periodic traffic is predictable and hence TA can be negative value. Meanwhile, TA should be zero or positive value for aperiodic traffic. UE does not know when aperiodic traffic happens, so UE shall monitor many slots if TA can be negative value.
Observation 4:
· For periodic traffic, TA can be negative value since packet arrival timing is predictable.
· For aperiodic traffic, TA should not be negative value so that much less slots are monitored.

Regarding periodic traffic,
TA should be determined from a set of Y candidate slots. Motivation of this window is to monitor aperiodic reservations as many as possible. The range of aperiodic reservation is 0 to 31 slots. Therefore, 31 slots before the first slot of Y candidate slots will be the best option to monitor all previous slots corresponding to time resource assignment field and the Y candidate slots. Note that time resource assignment field in SCI format 1-A at slot m can indicate up to slot m+31, not m+32.
Then, TB should be a value as large as possible for better exclusion performance. Here let us use n+TC as resource selection timing. n+TC and n+TB are involved with processing time constraints. In NR Rel-16, two parameters for processing time are defined: , .  is the gap between the last sensing slot and resource selection timing.  is the maximum gap between the resource selection timing and the first candidate of resource selection. These parameters are motivated to maximize the number of monitoring slots for better exclusion performance, so they should be used also for contiguous partial sensing. 
The following figure is illustrating contiguous partial sensing with TA and TB as discussed above, where  is defined as the first slot index in a set of Y candidate slots. In this figure, n+TA is a slot before 31 slots from . n+TC is defined as resource selection timing and is a slot before  or more from  n+TB is determined based on n+TC as a slot before  from n+TC. 
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Fig.2: Contiguous partial sensing for periodic traffic
Proposal 6:
· For contiguous partial sensing,
· Define resource selection timing as n+TC.
· For a transmission with a resource reservation interval ,
· , where  is the first slot index in a set of Y candidate slots
· 
· 

Regarding aperiodic traffic, 
TA is zero or positive value. That is, after packet arrival and selection trigger at slot n, UE starts to do sensing at slot n+TA for contiguous partial sensing. In this case, it seems some processing time for this procedure after slot n will be necessary. A parameter for this processing time, defined as  here, can be defined and n+TA is determined by this parameter . Long processing time means that less slots are monitored, so  is preferred. Having said that, the value should be concluded after confirmation by UE/chip vendors.
On n+TB and n+TC, they should be determined so that more slots are monitored. This motivation is the same as periodic traffic case, and hence the same definition can be applied.
The following figure is illustrating contiguous partial sensing with TA and TB as discussed above. In this figure, n+TA is a slot after  from slot n. n+TB and n+TC are same as the illustration for periodic traffic case. 
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Fig.3: Contiguous partial sensing for aperiodic traffic
Proposal 7:
· For contiguous partial sensing,
· For a transmission with a resource reservation interval ,
· , where 
· 
· 

Determination of Y candidate slots
As analyzed above, sensing window [n+TA, n+TB] and selection timing n+TC would be determined according to processing time , , . In their definitions, Y candidate slots are used as a reference point. Here, we believe that enhancement on determination of Y candidate slots should be introduced from perspective of contiguous partial sensing; otherwise the sensing window can be zero-width or small width. For example, let us assume a UE with T1 = . If the first slot among Y candidate slots (i.e. ) is n+T1, n+TC equals n. Especially in aperiodic transmission case, [n+TA, n+TB] cannot be set in this case and the UE will not monitor any slot for contiguous partial sensing, which is illustrated in the figure below. Even when  is larger than n+T1 with small gap, TA = TB or TA − TB is small number. Sufficient resource exclusion in contiguous partial sensing would be impossible and system performance becomes quite low.
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Fig.4: Issue on contiguous partial sensing – no/less sensing
Observation 5:
· Sensing window [n+TA, n+TB] of contiguous partial sensing could be zero-width or small width.

To avoid such a situation, Y candidate slots should be selected so that sufficient slots are included in window [n+TA, n+TB], at least in aperiodic transmission case. As solution for this issue, one parameter  can be introduced, which is used as minimum gap between slot n and the first slot  among Y candidate slots. The number of monitored slots for contiguous partial sensing is dependent on this parameter, thereby it seems reasonable that a certain value for  is (pre-)configured.
Proposal 8:
· For determination of a set of Y candidate slots in partial sensing, at least for a transmission with a resource reservation interval ,
· The set of Y candidate slots is selected with a constraint of , where
·  is the first slot index in a set of Y candidate slots
·  is (pre-)configured

2.3. Re-evaluation/Pre-emption check with partial sensing
In NR Rel-16, re-evaluation and pre-emption check are introduced to avoid resource collision and to prioritize data transmission with higher priority. Re-evaluation and pre-emption check are performed at the time before T3 from the first selected resource, and pre-emption check is performed at the time before T3 from the already reserved resource in addition. They use sensing information within window [m-T0, m-Tproc,0) to reserve resources within window [m+T1, m+T2], where m is the slot index to do re-evaluation and pre-emption check. Rel-16 UE monitors any resources basically; thereby, additional sensing only for re-evaluation and pre-emption check is unnecessary.
However, in partial sensing with periodic-based one, UE monitors only a required part of window [n-T0, n-Tproc,0) where n is the slot index to do resource selection and n < m. The monitored slots for resource selection triggered at slot n would be different from required slots for re-evaluation and pre-emption check at slot m. For example,
1. A UE triggers resource selection at slot n. Sensing slots are slot  and slots in [n+TA, n+TB] as agreed.
2. When slot index of the 2nd selected resource is , UE triggers pre-emption check at slot .
3. Sensing slots for this pre-emption check are slot  and slots in [n+TA, ) based on the agreed determination of sensing slots, where  is an index of candidate resources for pre-emption check. 
This situation is illustrated in the figure below. In our understanding, current spec assumes that for pre-emption check, resource selection window is set independently of that for resource selection. As the result, a set of Y candidate slots are newly selected for pre-emption check, and then some of the corresponding sensing slots are different from those in the corresponding resource selection. Note that the issue is, the slots newly required to monitor are in the past than slot n. The UE shall monitor these slots beforehand.
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Fig.5: Issue on pre-emption check with partial sensing – additional sensing slots in the past
In addition, slot m is determined by resource selection procedure. The timing is unknown before completion of resource selection; therefore, the UE shall monitor quite many slots to apply Rel-16 re-evaluation and pre-emption check with partial sensing mechanism. Non-sleep duration will increase and power saving performance is degraded significantly. Some update should be discussed and introduced so that power saving performance is maintained as much as possible.
Observation 6:
· When re-evaluation/pre-emption check with periodic-based partial sensing is triggered at slot m,
· If a set of Y candidate slots for the re-evaluation/pre-emption check is selected independently of that in the corresponding resource selection triggered at slot n, quite many slots before slot n become additional monitoring slots. UE shall monitor these slots beforehand.

One possible solution will be that Y candidate slots for re-evaluation/pre-emption check is set to same as those used for the corresponding resource selection in the past. This mechanism is illustrated in the figure below. In this way, sensing slots for periodic-based partial sensing can be kept; thus, there is no additional sensing slot corresponding to resource reservation period field.
Regarding contiguous partial sensing for re-evaluation/pre-emption check, UE will continue monitoring resources after resource selection trigger till pre-emption check trigger; otherwise, there would be no gain obtained from re-evaluation/pre-emption check since sensing slots become completely same as those in the resource selection. In other words, re-evaluation/pre-emption check is applied so that the UE can avoid resource collision with the latest reservations that were not transmitted before the resource selection.
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Fig.6: Pre-emption check with partial sensing – Same Y candidate slots
Proposal 9:
· For re-evaluation/pre-emption check of a resource at UE performing periodic-based partial sensing and contiguous partial sensing,
· The UE uses the same set of Y candidate slots as that determined in the corresponding resource selection.
· Sensing slots for periodic-based partial sensing are the same.
· Sensing slots for contiguous partial sensing includes additionally slots within , where m is a slot index that re-evaluation/pre-emption check is triggered.

2.4. Random selection
As agreed previously, Rel-17 SL considers Type A UE that does not support any receptions. That is, Type A UE does not perform any sensing and transmits data at a resource selected by random selection. Of course this UE does not do re-evaluation/pre-emption check. Rel-17 SL considers Type B as well that supports PSFCH/S-SSB receptions, but this UE does not have capability of sensing. Regarding these UE types, one question will be raised whether no enhancement or restriction is fine from system performance perspective.
We believe that at least in a transmission resource pool configured only with random selection without re-evaluation/pre-emption check, LTE random selection can be applied as it is. After packet arrival, UE decides resource selection window. All resources within the window is set as selection candidates, without any exclusion. The UE selects randomly one or more resources from the candidates and transmits on the resources. This UE does not receive any PSCCH/PSSCH, so mechanism to avoid resource collision would be quite difficult. In that sense, reusing LTE seems to be the best approach.
Meanwhile, different discussion would be feasible for a transmission resource pool where random selection without re-evaluation/pre-emption check is configured with full/partial sensing or random selection with re-evaluation/pre-emption check. Many resource collisions are expected in this resource pool, and hence communication performance will be quite low level. Our view is that some enhancement should be supported since performance requirement of UE performing resource allocation other than random selection without re-evaluation/pre-emption check is not so low, at least higher than that UE performing random selection without re-evaluation/pre-emption check. (For easy discussion, here UE performing random selection without re-evaluation/pre-emption check is labelled as UE-1, and UE performing full/partial sensing or random selection with re-evaluation/pre-emption check is as UE-2.)
Observation 7:
· For transmission resource pool (pre-)configured only with random selection without re-evaluation/pre-emption check, enhancement to avoid resource collision is quite difficult since any UEs do not receive any PSCCH/PSSCH.
· For transmission resource pool (pre-)configured with random selection without re-evaluation/pre-emption check and other, some enhancement is required to avoid resource collisions between UE performing random selection without re-evaluation/pre-emption check and UE performing other.

As enhancement mechanism, the following options would be possible solutions:
· Option 1: Restrict priority level for transmissions
For example, in the transmission resource pool, this rule is that UE-1 shall set higher priority to its transmission while UE-2 shall set lower priority to its transmission. By applying this restriction, UE-2 can avoid resource collision with UE-1’s transmission based on re-evaluation/pre-emption check. The priority restriction will be (pre-)configured with the resource pool.
· Option 2: UE-2 excludes UE-1’s reserving resource regardless of their priorities
For example, UE-2 excludes a resource R_x,y in its resource identification if the UE detects that UE-1 reserved the resource R_x,y, regardless of their priorities. Even when UE-2’s transmission has higher priority than that of UE-1’s transmission, the UE-1 is not capable of pre-emption check and is not aware of UE-2’s reservation. This means that UE-2 needs to try not to use resource reserved by UE-1. For this mechanism, UE-1 is required to indicate the fact in SCI that the SCI is transmitted from UE-1.
· Option 3: UE-1 applies random selection based on resource pattern
For example, UE-1 selects resources based on (pre-)configured resource pattern. The resource pattern is defined as e.g. slot n, n+4, n+8 if the selected first resource is at slot n. UE-2 knows the resource pattern and the UE can select resources as avoiding successive collisions based on the (pre-)configured pattern.
Among these options, we prefer option 2 since this option seems easiest one from spec effort perspective. In addition, it is another reason that enhancement on UE-1 is not required. UE that does not perform PSCCH/PSSCH receptions would be motivated as simple UE, and hence less implementation effort is preferable. 
Proposal 10:
· In a resource pool where random selection without re-evaluation/pre-emption check is allowed,
· If full/partial sensing or random selection with re-evaluation/pre-emption check is not allowed in the resource pool, random selection of LTE-SL is reused.
· Otherwise, a UE performing full/partial sensing or random selection with re-evaluation/pre-emption check excludes resources reserved by other UE performing random selection without re-evaluation/pre-emption check, regardless of their priorities.

2.5. Re-evaluation/Pre-emption check with random selection
One issue raised at previous meetings is whether re-evaluation/pre-emption check is supported with random selection or not. The concept is that after resource selection is triggered at a UE, the UE selects resources by random selection without resource exclusion. Then, the UE starts sensing and performs re-evaluation/pre-emption check right before transmissions at the selected resources.
We believe that random selection with re-evaluation/pre-emption check is beneficial in terms of both reliability and power saving. On reliability perspective, it seems that this mechanism avoids resource collisions sufficiently. Reliability level is not so different from that of partial sensing (at least contiguous partial sensing). Regarding power saving perspective, it is clear that less slots are monitored compared to full/partial sensing.
If supported, RAN1 will discuss how sensing slots are determined. In this case, it is possible to reuse mechanism of contiguous partial sensing for aperiodic traffic, which is discussed above. That is, when a UE triggers resource selection and selects resources by random selection at slot n. Here, let us use slot m as the slot index of re-evaluation/pre-emption check. Then the first sensing slot is slot n+ (i.e. n+TA). The UE continues monitoring slots till a slot before slot m−Tproc,0 (i.e. n+TB) and re-evaluation is performed at slot m.
In addition, determination of candidate slots for this re-evaluation/pre-emption check behaviour is one remaining topic that should be discussed. As the simplest way, determination mechanism for partial sensing can be reused since there seems no reason to introduce different mechanism. Y candidate slots are selected from the window. Outcome of these analyses is illustrated as the following figure.
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Fig.7: Random selection with re-evaluation
Proposal 11:
· Random selection with re-evaluation/pre-emption check is supported
· When a UE selects at slot n resource(s) randomly from a window of [n+T1, n+T2], the UE monitors slots of [n+, m−] and performs re-evaluation/pre-emption check at slot m, where
·  = [1] and m+ is the slot index of the selected/reserved resource
· A set of Y candidate slots within [m+T1, m+T2] is determined in the same way as partial sensing.

2.6. RAN1 impact for DRX
	· Agreements on high-level principles for SL DRX
· For SL unicast (after SL unicast link is established), SL DRX configuration can be configured per a pair of source/destination. FFS whether SL DRX operates per direction or for both directions.
· For SL groupcast/broadcast, SL DRX configuration can be configured in common. FFS on granularity of SL DRX configuration.
· Short DRX cycle is not introduced for SL unicast, groupcast and broadcast in Rel-17.
· For data reception, RAN2 defines the behaviour for monitoring the SCI reception (i.e., PSCCH and 2nd SCI on PSSCH) during the SL active time for SL DRX. For data reception, the UE may skip monitoring of PSCCH and 2nd SCI on PSSCH during inactive time for SL DRX. Sensing aspect is not considered in this agreement.
· At least, On-duration timer and Inactivity timer are supported in SL unicast.
· HARQ RTT is supported in SL unicast. FFS for the detailed condition when it is supported. FFS whether HARQ RTT is explicitly configured or can be based on SCI. FFS on the need of HARQ retransmission timer.
· At least, on-duration timer is supported for SL groupcast. FFS for the need and detailed condition when inactivity timer is supported.
· HARQ RTT is supported in SL groupcast. FFS for the detailed condition when it is supported. FFS whether HARQ RTT is explicitly configured or can be based on SCI. FFS on the need of HARQ retransmission timer.
· At least, on-duration timer is supported for SL broadcast.
· SL DRX Command MAC CE is introduced for SL DRX operation in unicast. FFS on the need of groupcast. FFS on the detailed UE behaviour (including relation to inactivity timer).
· In mode 1, when in RRC_CONNECTED, if DRX is configured, the MAC entity monitors the PDCCH for the MAC entity's SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI in Uu DRX Active Time. MAC entity does not need to monitor the PDCCH for the MAC entity's SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI in Uu DRX in-active Time.

· Agreements on SL DRX configurations
· For broadcast/groupcast, for out-of-coverage case, TX-UE/RX-UE obtain DRX configuration from pre-configuration.
· For broadcast/groupcast, for in-coverage case, RRC_IDLE/INACTIVE TX-UE/RX-UE obtain DRX configuration from SIB. It is up to network implementation how to coordinate active time between different cells.
· For broadcast/groupcast, for in-coverage case, for RRC_CONNECTED TX-UE/RX-UE can obtain DRX configuration from SIB. FFS on whether dedicated-RRC is also used.
· For unicast, for OOC scenario, the UE who sends out the DRX configuration decides on the DRX configuration. FFS on whether pre-configuration and/or the assistance information from the peer UE is also taken into account when determining the DRX configuration.
· For unicast, for OOC scenario, adopt per-direction DRX configuration is as baseline. FFS on whether it is TX-centric or Rx-centric, i.e. TX UE or RX UE decides it.

· Agreements on granularity of SL DRX operation for groupcast/broadcast
· RAN2 kindly agree that for groupcast and broadcast communication further granularity to multiple sets of DRX configurations (beyond just cast type) is required i.e. more than two DRX Cycle configurations should be supported in specification.
· RAN2 will study/discuss how PQI and/or L2 destination ID is used to derive groupcast and broadcast DRX configuration.
· Timer-based SL DRX is also applied to SL groupcast/broadcast.


At RAN2#113-e meeting, the above agreements on DRX were reached and several agreements seem to have impact on PHY behavior. RAN1 have to consider/discuss these agreements carefully.
DRX vs. mode 1 resource allocation
As highlighted as yellow color above, DRX configuration for groupcast/broadcast is common among UEs and is pre-configured for out-of-coverage UE while provided by SIB for in-coverage UE including all states of RRC_CONNECTED/IDLE/INACTIVE. Regarding DRX configuration for unicast, it is configured per link after SL unicast link is established.
Here one question is raised that when TX-UE is operating under resource allocation mode 1, and if RX-UE is (pre-)configured with DRX, whether/how gNB considers the DRX configuration in its scheduling of SL resource. We believe as the answer that this information of DRX configuration at RX-UE should be reported from TX-UE to gNB. Main motivation of this mechanism would be partial coverage case. TX-UE is in-coverage and scheduled by gNB (i.e. mode 1), but RX-UE is out-of-coverage and DRX configuration is pre-configured or configured after PC5-RRC connection established. In this scenario, gNB does not know this DRX configuration. If any mechanism to know this is not introduced, provided resource by DCI format 3_0 might not be included in active time of the RX-UE. The scheduled resource is wasted and further resource for retransmission is provided, that is, it is expected that resource efficiency and latency performance become worse.
Observation 8:
· In mode 1, if DRX configuration of RX-UE corresponding to a traffic at TX-UE is not reported to gNB, there could be many cases that scheduled resource by the gNB is not be included in active time at the RX-UE.

The following options are considerable as the solution.
· Option 1: by SR
In this option, a SR configuration is associated with a DRX configuration in advance. Which SR resource is transmitted can inform DRX information of the corresponding RX-UE implicitly.
· Option 2: by BSR
SL-BSR is also one possible option. gNB can request SL-BSR report to TX-UE, where SL BSR MAC CE defined in Rel-16 includes destination ID. Destination ID is associated with a DRX configuration beforehand, so this SL-BSR transmission can inform DRX information implicitly.
· Option 3: by HARQ feedback on UL
This option can be introduced together with either option 1 or option 2. Even if SR/BSR can inform DRX configuration at RX-UE, the scheduled resource might not be aligned with DRX configuration of actual RX-UE. For example, buffer status could be changed after SR/BSR report and the scheduled resource can be used for transmission of newly generated traffic. Note that gNB does not control RX-UE for each scheduling resource but TX-UE autonomously decides it. In this case, the UE can skip transmission at the resource and inform this situation by the corresponding HARQ feedback on UL.
Among these options, it seems that option 1 and option 2 should be discussed at RAN2. However, regardless of the outcome, we believe that option 3 should be supported in RAN1. As abovementioned, it would be feasible that there is a case that gNB schedules SL resources to a UE but some resources are not aligned with DRX configuration corresponding to a traffic at the UE. If this mechanism is not supported, this UE will transmit at the resource wastefully and retransmission resource if provided might also be involved with the same issue.
Observation 9:
· In mode 1, even if DRX configuration of RX-UE corresponding to a traffic at TX-UE is reported to gNB, there could be a few cases that scheduled resource by the gNB is not be included in active time at the RX-UE.
Proposal 12:
· When TX-UE has a TB to be transmitted to RX-UE, and if a SL resource scheduled by gNB is not included in active time in the RX-UE, TX-UE skips transmission at the resource and reports the misalignment by HARQ-ACK report to the gNB.
· Send an LS to RAN2 to inform this.

2.7. Power saving of UE behavior after resource selection
At previous RAN1 meetings, basically discussions were carried out in terms of power saving on sensing before resource selection behavior. On the other hand, power consumption after resource selection is also key aspect RAN1 should discuss. For example, additional sensing for re-evaluation/pre-emption check and PSFCH-related behavior.
Observation 1/Proposal 1 and Observation 6/Proposal 9 are presented from this perspective. Besides these, RAN1 should discuss further to reduce power consumption after resource selection. For example, it seems that the following options are possible:
· Option 1: selection of early in time resources
This option is beneficial to complete transmissions within on-duration of a DRX cycle. Otherwise, it could happen that the first transmission is at later slot and the TB transmission is not completed within on-duration due to NACK feedback or pre-emption or etc. Transmission is done after on-duration timer expired and hence power saving performance will get worse due to the active state instead of sleep state.
· Option 2: mixed mechanism of blind retransmissions and HARQ-based retransmissions
HARQ feedback is an important feature for better reliability while whether it is good is questionable from power saving perspective. HARQ-based retransmissions need more time for multiple transmissions due to HARQ RTT and processing time. This means that more slots are monitored with more power consumption. To achieve both of better reliability and better power saving, it would be a possible solution that blind retransmissions and HARQ-based retransmissions are mixedly used for transmissions of a TB. In this case, multiple transmissions are possible while less power consumption is expected because of contiguous/adjacent transmissions in time.
Of course there would be other options that are beneficial from perspective of reduced power consumption after resource selection. Anyway, we believe that RAN1 should discuss this aspect further.
Proposal 13:
· RAN1 discuss further power saving feature after resource selection; for example,
· Option 1: selection of early in time resources
· Option 2: mixed mechanism of blind retransmissions and HARQ-based retransmissions

3. Conclusion
In this contribution, we discussed SL resource allocation enhancement for power saving. Observations/Proposals are summarized as following: 
Observation 1:
· Enhancement on determination of Y candidate slots is necessary so that Y candidate slots are selected as close as possible.
Proposal 1:
· For determination of a set of Y candidate slots in partial sensing,
· Definitions of T1 and T2 are the same as in Rel-16
· , where
· : the last slot index in a set of Y candidate slots
· : the first slot index in a set of Y candidate slots
· : is a (pre-)configured parameter
Proposal 2:
· Periodic-based partial sensing is applied for the following cases:
· A UE transmits a traffic with a resource reservation interval , or
· A UE transmits a traffic with a resource reservation interval  and all sensing results corresponding to a set of Y candidate slots are available
· FFS: A UE transmits a traffic with a resource reservation interval  and a part of sensing results corresponding to a set of Y candidate slots are available
Proposal 3:
· Agreements in RAN1#104-e on determination of a set of Y candidate slots are commonly applied to periodic-based partial sensing and contiguous partial sensing.
Observation 2:
· On P_reserve and k, there is a trade-off between resource exclusion performance and power saving performance.
Proposal 4:
· For P_reserve, support option 1.
· i.e. P_reserve corresponds to all values from the configured set sl-ResourceReservePeriodList
Observation 3:
· Option 1/Option 2 for k do not have flexibility on trade-off between resource exclusion performance and power saving performance.
· Option 4/Option 5/Option 6 for k is possible to monitor only more previous slots than the most recent occasion. Resource reservation in the most recent occasion is missed, so the possibility seems unnecessary.
Proposal 5:
· For k, support option 7.
· The K most recent sensing occasions for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction.
· A value K is (pre-)configured.
Observation 4:
· For periodic traffic, TA can be negative value since packet arrival timing is predictable.
· For aperiodic traffic, TA should not be negative value so that much less slots are monitored.
Proposal 6:
· For contiguous partial sensing,
· Define resource selection timing as n+TC.
· For a transmission with a resource reservation interval ,
· , where  is the first slot index in a set of Y candidate slots
· 
· 
Proposal 7:
· For contiguous partial sensing,
· For a transmission with a resource reservation interval ,
· , where 
· 
· 
Observation 5:
· Sensing window [n+TA, n+TB] of contiguous partial sensing could be zero-width or small width.
Proposal 8:
· For determination of a set of Y candidate slots in partial sensing, at least for a transmission with a resource reservation interval ,
· The set of Y candidate slots is selected with a constraint of , where
·  is the first slot index in a set of Y candidate slots
·  is (pre-)configured
Observation 6:
· When re-evaluation/pre-emption check with periodic-based partial sensing is triggered at slot m,
· If a set of Y candidate slots for the re-evaluation/pre-emption check is selected independently of that in the corresponding resource selection triggered at slot n, quite many slots before slot n become additional monitoring slots. UE shall monitor these slots beforehand.
Proposal 9:
· For re-evaluation/pre-emption check of a resource at UE performing periodic-based partial sensing and contiguous partial sensing,
· The UE uses the same set of Y candidate slots as that determined in the corresponding resource selection.
· Sensing slots for periodic-based partial sensing are the same.
· Sensing slots for contiguous partial sensing includes additionally slots within , where m is a slot index that re-evaluation/pre-emption check is triggered.
Observation 7:
· For transmission resource pool (pre-)configured only with random selection without re-evaluation/pre-emption check, enhancement to avoid resource collision is quite difficult since any UEs do not receive any PSCCH/PSSCH.
· For transmission resource pool (pre-)configured with random selection without re-evaluation/pre-emption check and other, some enhancement is required to avoid resource collisions between UE performing random selection without re-evaluation/pre-emption check and UE performing other.
Proposal 10:
· In a resource pool where random selection without re-evaluation/pre-emption check is allowed,
· If full/partial sensing or random selection with re-evaluation/pre-emption check is not allowed in the resource pool, random selection of LTE-SL is reused.
· Otherwise, a UE performing full/partial sensing or random selection with re-evaluation/pre-emption check excludes resources reserved by other UE performing random selection without re-evaluation/pre-emption check, regardless of their priorities.
Proposal 11:
· Random selection with re-evaluation/pre-emption check is supported
· When a UE selects at slot n resource(s) randomly from a window of [n+T1, n+T2], the UE monitors slots of [n+, m−] and performs re-evaluation/pre-emption check at slot m, where
·  = [1] and m+ is the slot index of the selected/reserved resource
· A set of Y candidate slots within [m+T1, m+T2] is determined in the same way as partial sensing.
Observation 8:
· In mode 1, if DRX configuration of RX-UE corresponding to a traffic at TX-UE is not reported to gNB, there could be many cases that scheduled resource by the gNB is not be included in active time at the RX-UE.
Observation 9:
· In mode 1, even if DRX configuration of RX-UE corresponding to a traffic at TX-UE is reported to gNB, there could be a few cases that scheduled resource by the gNB is not be included in active time at the RX-UE.
Proposal 12:
· When TX-UE has a TB to be transmitted to RX-UE, and if a SL resource scheduled by gNB is not included in active time in the RX-UE, TX-UE skips transmission at the resource and reports the misalignment by HARQ-ACK report to the gNB.
· Send an LS to RAN2 to inform this.
Proposal 13:
· RAN1 discuss further power saving feature after resource selection; for example,
· Option 1: selection of early in time resources
· Option 2: mixed mechanism of blind retransmissions and HARQ-based retransmissions
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