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Introduction
In RAN#90-e meeting, the revised work item of NR sidelink enhancements was approved [1], in which objectives on resource allocation for power saving was updated as follows:
	2. Resource allocation enhancement:
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· This work should consider the impact of sidelink DRX, if any.


In RAN1#104-e meeting, constructive progress was made on this agenda, and in this contribution, we continually discuss the enhancements on the partial sensing and the random resource selection mechanism.
Discussion
Partial sensing
For the partial sensing mechanism in Rel-14 LTE-V, UE only performs sensing in a subset of subframes relevant for resource allocation, instead of the entire sensing window for full sensing mechanism. If partial sensing is configured, the following steps are used, as shown in Figure 1:
· 

[bookmark: _Hlk53240074]Step 1: UE determines by its implementation a set of subframes which consists of at least  subframes (the orange subframes in Figure.1) within the time interval ;
· 

Step 2: If a subframe  is included in the set of subframes in Step 1, UE shall monitor any subframe (like the blue subframes in Figure.1) if k-th bit of the high layer parameter gapCandidateSensing is set to 1;
· [bookmark: _Hlk53234155]Step 3: UE excludes any candidate single subframe resource from the selection window via pre-defined rules which are the same procedure with resource selection with full sensing.


Figure 1: Illustration of Rel-14 LTE-V partial sensing.
The resource allocation for power saving in NR sidelink takes the Rel-14 LTE-V partial sensing as a starting point, however, LTE-V’s partial sensing is designed particularly for periodic traffic and P-UE does not need to perform reception. Therefore, potential issues can be identified if NR sidelink adopts the LTE-V partial sensing without any modifications.
Various resource reservation periods

In LTE-V, it mainly focuses on the periodic traffic model with the reservation period to be a multiple of 100ms, therefore, a 1000ms sensing window is divided into 10 pieces with a sensing step of 100ms. The step size 100ms can work well since other period values are multiple of 100ms, that is, whenever a candidate resource in the selection window is reserved by other UEs, the P-UE can recognize the resource reservation and exclude the resources via pre-defined rules. However, NR sidelink identifies extra periodic traffic models, i.e. {(1…99), 100, 200, 300, 400, 500, 600, 700, 900, 1000} ms reservation period and up to 16 reservation period values can be (pre-)configured per resource pool. If other UE reserves resources with reservation period of 20ms (i.e. 40 slots), P-UE would not be able to identify this reservation if the fixed step size 100ms is applied, since P-UE does not perform sensing at slot . 
To match the features of NR sidelink traffic models, the step size of sensing needs be re-considered, and the high layer parameter gapCandidateSensing should be enhanced accordingly. In RAN1#104-e meeting, the following agreement was made regarding the determination of periodic sensing occasions:
	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 a set of periodic sensing occasions, where a periodic sensing occasion is a set of slots according to
 [image: ]
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 equals tois selected according to (down select to one)
· Option 1: Only the most recent sensing occasion within sensing window 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 within sensing window 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


In the following, we discuss the pros and cons of listed options of P_reserve and k:
· Options of P_reserve
· Option 1: It is proposed to set the P_reserve corresponds to all values from the configured reservation period list. By setting k=1, the most recent sensing occasion of all configured reservation periods within sensing window for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction will be monitored by the UE. In addition, to further enhance the detection performance, more than one occasions for each reservation periods (e.g., Option 2 and Option 5 of k value) can be (pre-)configured for monitoring. In our views, however, this scheme may not be fair to all reservation periods under some conditions. For instance, when a reservation period of a RP is the integer multiple of the others (e.g., P1 = 100ms, P2 = 400ms), and k is set to 2, then the traffic with reservation period P1=100ms has the chance to be monitored four times, while the one with P2=400ms can only be monitored twice, which is somehow not fair for the traffic with larger reservation period. 
· Option 2: As discussed above, Option 2 of P_reserve being a subset of all configured reservation period seems more reasonable when a reservation period of a RP is the integer multiple of the others. In such a case, setting only one P_reserve for monitoring is enough. To be more specific, the selected P_reserve should be the common divisor among the reservation periods to ensure that the UE can identify each resource reservation and exclude the corresponding candidate single slot resource regardless of reservation period of other UEs. 
· [bookmark: _Hlk53236168]Option 3: To match the features of NR sidelink traffic models, a straightforward way is to reuse the principle in LTE-V, where P_reserve is derived as the maximum common divisor of all the period values in the (pre-)configured reservation period list. Same as in LTE-V, the UE will monitor the slots that the kth bit of the (pre-)configured bitmap is set to 1, and the number of bits of high layer parameter gapCandidateSensing needs to be modified to be ratio of sensing window size and the derived P_reserve. However, in some particular cases, setting the P_reserve as the common divisor has a drawback of large overhead. For instance, a resource pool supports periodic transmissions and the (pre-)configured reservation periods include 5ms, 7ms, and 9ms, where the maximum common divisor is 1ms. In such a case, the length of bitmap is 1100, which is quite large.
· Options of k: As discussed in Option 1 of P_reserve, we believe that the k value should be set flexibly, and should allow the UE to monitor more than one occasions for each reservation periods to enhance the detection performance. Hence, Option 5 should be supported.
Proposal 1: In a resource pool (pre-)configured with at least partial sensing, if a UE performs periodic-based partial sensing, the UE monitors slots of periodic sensing occasions , where
· Preserve corresponds to a subset of values from the configured set sl-ResourceReservePeriodList. When a reservation period is an integer multiple of the others, Preserve should be set as the common divisor. 
· k is (pre-)configured, including multiple values
The aperiodic traffic
LTE-V partial sensing mainly designed to deal with periodic transmissions without considering aperiodic traffic, which would degrade the sensing performance if LTE-V’s partial sensing mechanism is directly applied to NR sidelink. Take Figure.2 as an example, if other UE dynamically reserves resources just before slot n (the green resources in Figure.2), the reserved resources would not be detected by UE configured with partial sensing, hence it may not exclude the corresponding candidate resource.


[bookmark: _Hlk53239893]Figure 2: Illustration of impact of aperiodic traffic or dynamic reservations
In the last meeting, the following agreement was reached with the intention to cope with the impact of aperiodic transmissions in a resource pool:
	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


In a resource pool (pre-)configured with at least partial sensing, when resource (re-)selection is triggered in slot n, a UE is enabled to support contiguous partial sensing, where it monitors slots between [n+TA, n+TB] and identifies the candidate slots based on all available sensing results. The values of TA, and TB are still FFS, of which the possible candidates can be zero, positive or negative. In addition, whether the slot n in the contiguous sensing window can be replaced by indices of Y candidate slots is left for further discussion.
In our view, the location and the range of the contiguous sensing window is dependent on different conditions and cases:
· 


In case that a resource pool allows both periodic and aperiodic transmissions, and a UE performs periodic-based partial sensing. To take into consideration of resource reservations by aperiodic traffic, one possible solution is to add an additional contiguous sensing window before the candidate single slot resources. That is, after UE determines a set of slots which consists of at least Y slots within the selection window, UE monitors all resources within time period [, ], if a slot  is included in the set of slots determined above. The selection of TA needs to accommodate the maximum time of dynamic reservation, and TB is subject to T_proc,0. In such a case, the slot n in the contiguous sensing window should be replaced by indices of Y candidate slots, and the values of TA and TB are negative. In this way, UE can identify the dynamic reservations caused by both periodic and aperiodic traffic and achieve better performance of resource selection. 
Observation 1: In case that a resource pool allows both periodic and aperiodic transmission, and a UE performs periodic-based partial sensing can additionally performs contiguous partial sensing to take into consideration of resource reservations by aperiodic traffic.


Proposal 2: For the purpose of resource (re-)selection, a UE monitors slots between [n+TA, n+TB], where n is replaced by the indices of Y candidate slots  , and values of TA, TB are negative. The UE performs identification of candidate resources, in or after slot n+TB, based on all available sensing results, including periodic-based partial sensing results by monitoring slots . 
· In case that a resource (re-)selection is triggered in slot n with an urgent remaining PDB, where the Y candidate slots cannot meet the requirement of the remaining PDB. To solve this issue, the UE can monitor contiguous sensing window between [n+TA, n+TB] and identifies the candidate slots. In such a case, the value of TA and TB can be zero and positive, when both TA and TB are zero, the UE performs random resource selection.
Observation 2: In case that a resource (re-)selection is triggered in slot n with an urgent remaining PDB, where the Y candidate slots cannot meet the requirement of the remaining PDB, the UE can perform contiguous partial sensing.
Proposal 3: For the purpose of resource (re-)selection, a UE monitors slots between [n+TA, n+TB], and values of TA, TB are zero and positive. 
Determination of Y candidate slots
As discussed in section 2.1, in NR sideink, the design principle of partial sensing mechanism should be that the UE determines by its implementation a set of slots which consists at least Y slots according to a pre-defined resource selection pattern. In RAN1#104-e meeting, the enhancements on the determination of Y candidate slots in LTE-V was discussed and the following agreement was made:
	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.


· Limitations on resource selection window: First, it was argued by some companies that further limitations on T1 and T2 should be introduced when a UE determines the resource selection window. If the resource selection window is determined as wide, the candidate Y slots may be scattered. In such a case, when the UE performs contiguous sensing before each candidate slot, while the interval between two adjacent candidate resources is long (e.g., longer than 32 slots), much higher power consumption is required. The motivation is to restrict the size of the resource selection window to reduce the power consumption, if additional contiguous sensing window is defined to deal with aperiodic transmission or to perform re-evaluation/pre-emption. In our understanding, however, the power consumption can be limited by choosing Y candidate slots within a shorter range, and it is completely up to UE implementation. Therefore, no further enhancement on the determination of the resource selection window is necessary.
Proposal 4: There is no need to introduce a threshold to re-define T1 and T2.
Proposal 5: In NR sidelink partial sensing, T1 and T2 are defined in the same way as in R16 NR-V2X.
· [bookmark: _Hlk53239683]Minimum value of Y: In LTE-V partial sensing, a UE determines by its implementation of Y candidate subframes, and Y shall be greater than or equal to the high layer parameter minNumCandidateSF. However, it is possible that the determined set of slots may not meet the requirement of remaining PDB, or the number of determined set of slots that satisfy the PDB may be limited. In such a case, the data transmission is highly probable to be interfered and jammed, and the transmission reliability is decreased. Moreover, in LTE-V, the high layer parameter minNumCandidateSF is fixed regardless of the data priority and which resource pool the transmission would take place. Note that since the (pre-)configured parameter minNumCandidateSF represents the level of power consumption and number of retransmissions; therefore, it can be considered that the parameter minNumCandidateSF is (pre-)configured parameter for each priority value and per resource pool.
Proposal 6: In NR sidelink partial sensing, UE shall determine by its implementation a set of slots which consists at least Y slots within selection window and Y shall be greater than or equal to a higher layer parameter minMumCandidateSF, where minMumCandidateSF is (pre-)configured for each priority value and per resource pool.
· [bookmark: _Hlk53393899]Tx-Rx alignment: In addition, the typical use case of Rel-14 LTE-V partial sensing is V2P, where the pedestrian UEs identifies the need of power saving. In such a case, only the transmitter (P-UE) uses partial sensing to perform resource selection for power saving and the receiver (V-UE) would perform reception via full sensing mechanism. In R17 sidelink, solutions for power saving are targeted not only P-UEs, but also UEs in public safety and commercial use cases (e.g., smart home, smart factory, etc.), in these scenarios, both transmitters and receivers identify the motivation for power saving. Hence, enhancements for sensing pattern alignment should be studied. In the above agreement, one remaining issue is that 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. In our views, to confine the resource selection window within a set of periodic set of resources are mainly used for Tx-Rx alignment when both transmitters and receivers needs power saving, and the concept is basically same as the SL DRX. Therefore, we would like to discuss this issue under the introduction of SL DRX and its potential impact on PHY layer resource selection. 
Observation 3: The intention to confine the resource selection window within a set of periodic set of resources is for Tx-Rx alignment when both transmitters and receivers have the need for power saving. The concept is basically the same as the SL DRX. 
Proposal 7: Considering public safety and commercial use cases where both transmitters and receivers have the requirement of power saving, enhancements for sensing pattern alignment should be studied.
Other potential enhancements
In NR sidelink mode-2, if the number of candidate single-slot resources remaining in the set SA after resource exclusion procedure is smaller than X% of the total number of candidate resources, the RSRP threshold will be repeatedly increased with step of 3dB until X% of single-slot resources remain. If partial sensing mechanism is configured, since the determined set of slots is only a subset of the resource selection window and the determination is totally by UE implementation, the determined set of slots may be not enough or suitable to meet the requirement of reliability. To be specific, when the determined set of slots is slightly greater than the higher layer parameter minNumCandidateSF or if the selected Y subframes are just right highly occupied and interfered by other UEs, the less and unsuitable candidate single-slot resources may result in unlimited increase of RSRP threshold, which leads to severe transmission interference and further impact the transmission reliability.
Proposal 8: Partial sensing mechanism in NR sidelink needs to take into account the unlimited increasing of RSRP threshold.
[bookmark: _Hlk53246264][bookmark: _Hlk53246296]One possible solution is to set an upper limit of the number of RSRP threshold increments or the maximum value of increased RSRP threshold. When the upper limit or the maximum value is reached, instead of continue increasing RSRP threshold, UE can increase the number of determined set of slots resulting in more candidate single-slot resources. With more candidate resources, the interference can be decreased and reliability is increased.
Proposal 9: In NR sidelink partial sensing, an upper limit of the number of RSRP threshold increments or the maximum value of increased RSRP threshold can be configured. When the upper limit or the maximum value is reached, UE increases the number of determined set of slots.
Random resource selection
In the last meeting, it was agreed that the random resource selection is applicable to both periodic and aperiodic transmissions; however, details of performing random resource selection is still left for further discussion:
	Agreements:
· Random resource selection is applicable to both periodic and aperiodic transmissions
· FFS conditions for random resource selection


[bookmark: _Hlk53395916]In the RAN1#103-e meeting, it was agreed that a SL mode 2 Tx pool can be (pre-)configured to enable different resource selection schemes, including full sensing only, partial sensing only, random selection only, and any combinations thereof. In such a case, appropriate collision control among different resource selection schemes is needed, especially for UE using random resource selection, where no sensing information is obtained.
[bookmark: _Hlk53396178][bookmark: _Hlk53396273]One possible way is to indicate resource selection schemes via SCI and when transmitter performs resource selection, it determines whether to exclude a candidate single-slot resource based on separately configured RSRP thresholds for different resource selection schemes. Alternatively, if random resource selection is identified via SCI decoding and overlapping is observed between the reserved resource and candidate resource, UE is expected to exclude the corresponding candidate resource without RSRP comparison. When the number of remaining candidate single-slot resources after exclusion procedure is less than X% of total number of candidate resources, the increased RSRP threshold value can be different among resource selection schemes. Moreover, when UE reporting candidate resource set to higher layer for resource selection, additional information such as whether the candidate resource overlaps with resources reserved by UE using random resource selection can be reported together, which may be beneficial for MAC layer to perform resource selection.
[bookmark: _Hlk53396223]Proposal 10: RAN 1 discusses collision control mechanism among different resource selection schemes and the following alternatives can be considered:
· Different RSRP thresholds or increased RSRP threshold value is (pre-)configured for different resource selection scheme;
· UE reports whether one candidate resource overlaps with resources reserved by random resource selection UE to higher layer for further resource selection.
[bookmark: _Ref31533076]Conclusions
In this contribution, we discuss on the resource allocation for power saving, and the following observations and proposals are provided:
Observation 1: In case that a resource pool allows both periodic and aperiodic transmission, and a UE performs periodic-based partial sensing can additionally performs contiguous partial sensing to take into consideration of resource reservations by aperiodic traffic.
Observation 2: In case that a resource (re-)selection is triggered in slot n with an urgent remaining PDB, where the Y candidate slots cannot meet the requirement of the remaining PDB, the UE can perform contiguous partial sensing.
Observation 3: The intention to confine the resource selection window within a set of periodic set of resources is for Tx-Rx alignment when both transmitters and receivers have the need for power saving. The concept is basically the same as the SL DRX. 
Proposal 1: In a resource pool (pre-)configured with at least partial sensing, if a UE performs periodic-based partial sensing, the UE monitors slots of periodic sensing occasions , where
· Preserve corresponds to a subset of values from the configured set sl-ResourceReservePeriodList. When a reservation period is a multiple integer of the others, Preserve should be set as the common divisor. 
· k is (pre-)configured, including multiple values


Proposal 2: For the purpose of resource (re-)selection, a UE monitors slots between [n+TA, n+TB], where n is replaced by the indices of Y candidate slots  , and values of TA, TB are negative. The UE performs identification of candidate resources, in or after slot n+TB, based on all available sensing results, including periodic-based partial sensing results by monitoring slots . 
Proposal 3: For the purpose of resource (re-)selection, a UE monitors slots between [n+TA, n+TB], and values of TA, TB are zero and positive. 
Proposal 4: There is no need to introduce a threshold to re-define T1 and T2.
Proposal 5: In NR sidelink partial sensing, T1 and T2 are defined in the same way as in R16 NR-V2X.
Proposal 6: In NR sidelink partial sensing, UE shall determine by its implementation a set of slots which consists at least Y slots within selection window and Y shall be greater than or equal to a higher layer parameter minMumCandidateSF, where minMumCandidateSF is (pre-)configured for each priority value and per resource pool.
Proposal 7: Considering public safety and commercial use cases where both transmitters and receivers have the requirement of power saving, enhancements for sensing pattern alignment should be studied.
Proposal 8: Partial sensing mechanism in NR sidelink needs to take into account the unlimited increasing of RSRP threshold.
Proposal 9: In NR sidelink partial sensing, an upper limit of the number of RSRP threshold increments or the maximum value of increased RSRP threshold can be configured. When the upper limit or the maximum value is reached, UE increases the number of determined set of slots.
Proposal 10: RAN 1 discusses collision control mechanism among different resource selection schemes and the following alternatives can be considered:
· Different RSRP thresholds or increased RSRP threshold value is (pre-)configured for different resource selection scheme;
· UE reports whether one candidate resource overlaps with resources reserved by random resource selection UE to higher layer for further resource selection.
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