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Introduction
The RAN WG approved work item on NR Sidelink Enhancements [1], that includes the following objective:
	· 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.


In this contribution, we express our view on sidelink enhancements targeting UE power saving and considering agreements made by the RAN WG1 at the previous meeting(s).
Our views on other sidelink enhancement objectives as well as LS responses are provided in companion contributions [2].
Baseline Features for Sidelink Power Saving
According to the work item objective, the “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” which are discussed in the subsections below, following the RAN WG1 agreements made at the previous meeting(s).
	· Partial sensing-based RA is supported as a power saving RA scheme
· FFS details
· Random resource selection is supported as a power saving RA scheme
· FFS any changes or enhancement
· FFS on conditions to apply random resource selection
· In R17, a SL Mode 2 Tx resource pool can be (pre-)configured to enable full sensing only, partial sensing only, random resource selection only, or any combination(s) thereof
· FFS details, including usage, potential restrictions, whether/how any enhancement or condition is needed for the coexistence of full sensing and power saving RA scheme(s) in a same resource pool, etc.



Sidelink Random Resource Selection Design
For random resource selection we follow agreements made by RAN WG1 at the previous meeting(s):
	· [bookmark: _Hlk68100100]For random resource selection,
· Reuse the maximum distance separation of 32 logical slots for a HARQ retransmission resource reserved by a prior SCI for the same TB, which was defined in R16 for full sensing operation.
· SL HARQ feedback enabled transmission is supported (FFS applicable conditions if any)
· The minimum HARQ feedback time gap (Z) shall be respected between any two selected resources of a TB where a HARQ feedback for the first of these resources is expected.
· FFS the impact of resource collision when random resource selection is performed by a UE which does not perform sensing / re-evaluation and pre-emption checking in a resource pool with mixed RA schemes (e.g., for low priority or any priority transmissions).
· Including study potential solution(s) if the impact is not negligible (e.g., threshold based, raising priority, minimum time gap, pattern based, a priori SCI reserving initial transmissions, resource pool partitioning, and etc.).



Conditions to Perform Random Resource Selection
One of the additional open aspects for random resource selection is a condition(s) to apply this scheme. In our view, at least the following conditions should be considered:
1) Sidelink resource pool is (pre)-configured to enable sidelink transmissions based on random resource selection
2) UE meets either of the following criteria
a) UE does not have sidelink RX chain to perform sensing (i.e., sidelink TX only UE – Type A UE)
b) UE is configured to use random resource selection as a power saving resource allocation scheme.


Random resource selection can be applied if
UE does not have sidelink RX chain to perform sidelink sensing (i.e., Type A UE)
UE is configured to operate in power saving resource allocation mode with random resource selection

Random Resource Selection with Low Priority
Regarding a mixture of different RA schemes in the same resource pool the following agreements was reached by RAN WG1 during RAN1#106-e:
	Agreement
· For random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection, down-select to one of the followings in RAN1#106bis-e
· Option 1: A priority threshold value or a range of priority levels is (pre-)configured for the resource pool, below or within which random resource selection is allowed
· Note, lower value means higher priority
· FFS whether resource pool partitioning can be additionally applied
· Option 2: Increase the priority for the transmission based on random selection and indicate the new priority value in the priority field in the 1st-stage SCI
· FFS: An extra field is added in SCI for indicating the original priority value associated with QoS requirement,
· FFS: A 1-bit field in the SCI indicates that the UE is performing random resource selection, or
· FFS: An extra field is added in SCI for indicating the mapping to the original priority value associated with QoS requirement.
· Option 7: Exclude resources reserved by UE performing random selection without re-evaluation / pre-emption checking, regardless of their priorities. E.g. a 1-bit field in the SCI indicates that the UE is performing random resource selection and not performing re-evaluation and pre-emption checking
· Option 12: No special consideration


In our opinion the simple approach is to define priority threshold to control priority levels for random resource selection. Transmissions below such threshold should either apply the following enhancements or not be transmitted at all:
Resource pool partitioning
· In this case, transmissions below the threshold are only allowed to a subset of the resource configured in the resource l. The resource patterns for this would need to be defined in the resource pool configuration (e.g. subset of sub-channels)
The changes in Option 2 and Option 7 are not backwards compatible. This means transmissions with these changed 1st stage SCI fields cannot be interpreted by Rel. 16 devices. Therefore, they would not be able to respond to the additional information. In our opinion having Rel. 16 and Rel. 17 SL devices in the same resource pool should be supported, thus we cannot support these options.


Support Option 1 for random resource selection in a resource pool with full/partial sensing
For transmission with a priority value above the threshold specific resources for low priority transmissions can be configured in the resource pool

Partial Sensing Based Resource Selection Design
In this section, we discuss design of partial sensing-based resource selection as a power saving resource allocation scheme. We follow agreements made by RAN WG1 at the previous meetings on this aspect:
	Agreements in RAN1#106-e
· In periodic-based partial sensing, UE monitoring of periodic sensing occasions between triggering slot n and the first slot of the selected Y candidate slots subject to processing time restriction is performed as part of resource (re)selection.

· Conditions in which contiguous partial sensing is performed by UE, when at least all of the followings are met:
· L1 [is expected to be or] is triggered by higher layer to report resources for resource (re-)selection in a mode 2 Tx pool
· FFS: When the trigger will be received by L1
· The resource pool is (pre-)configured to enable partial sensing
· Partial sensing is configured by higher layer in the UE

· For a resource pool (pre-)configured with at least partial sensing and UE is configured by its higher layer for partial sensing, 
· Periodic-based partial sensing and contiguous partial sensing schemes are supported for resource re-evaluation and pre-emption checking
· FFS details of partial sensing for re-evaluation and pre-emption checking, including any restrictions / conditions on performing PBPS and CPS, subset of resources, timing, candidate resource set (SA) and etc
· Same as in Rel-16, the higher layer indicates a set of resources and/or a set of resources  for re-evaluation and/or pre-emption checking, respectively
· Pre-emption checking is enabled according to the Release-16 interpretation of sl-PreemptionEnable.
· FFS: If additional enhancements are needed for enabling/disabling
· The triggering of re-evaluation and pre-emption checking is as in R16. 

· When UE performs only contiguous partial sensing (CPS) in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) disabled, and a resource (re)selection is triggered in slot n,
· The resource selection window (RSW) is [n+T1, n+T2] where T2 is defined based on step 1) of Rel-16 TS 38.214 Sec. 8.1.4
· 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
· On the sensing window [n+TA, n+TB] for CPS,
· Details of TA and TB values based on the agreements from previous RAN1 meetings
· FFS whether and how to define a minimum CPS window size, including (pre-)configurability and the case when TB - TA is smaller than the minimum CPS window size
· FFS whether and how to define a maximum value / upper bound for TB with respect at least to the minimum RSW size and the remaining PDB, including (pre-)configurability
· FFS how a set of candidate resource (SA) is initialized considering candidate single-slot resources, including
· Whether and how to define a minimum size for the RSW (e.g., Rel-16 T2min), including (pre-)configurability
· Whether the set SA is confined within a set of Y candidate slots within the RSW
· UE performs resource exclusion from the set SA based on at least all available sensing results and based on step 6) and 7) of Rel-16 TS 38.214 Sec. 8.1.4
· Note, re-evaluation and pre-emption checking in a resource pool with periodic reservation for another TB (sl-MultiReserveResource) disabled is considered separately.
· FFS: Details on T1

· When UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled,
· For a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n,
· The resource selection window (RSW) is [n+T1, n+T2], and T1 and T2 are defined in the same way according to step 1) of Rel-16 TS 38.214 Sec. 8.1.4
· FFS whether UE determines a new set of Y candidate slots within the RSW and monitors corresponding periodic sensing occasions between slot n and the first slot of the new Y candidate slots subject to processing constraints
· FFS how to initialize a set of candidate resource (SA) for the triggered resource (re)selection procedure and which partial sensing scheme(s) and results can be used for resource exclusion in the resource (re)selection procedure
· 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, re-evaluation and pre-emption checking based on periodic-based and contiguous partial sensing schemes is considered separately

· [bookmark: _Hlk80955648]When UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled,
· For a resource (re)selection procedure triggered by periodic transmission (Prsvp_TX≠0) in slot n
· A set of candidate resource (SA) is initialized to the set of selected Y candidate slots of PBPS
· UE performs contiguous partial sensing in [n+TA, n+TB] according to for resource exclusion from the initialized candidate resource set (SA)
· FFS details of TA and TB based on the agreement(s) from previous RAN1 meetings
· Note, re-evaluation and pre-emption checking based on periodic-based and contiguous partial sensing schemes is considered separately
· FFS: The condition under which UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled

Agreements in RAN1#106bis-e

· When UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled, 
· For a resource (re)selection procedure triggered by periodic transmission () in slot n, TA and TB for the CPS monitoring window is defined according to one of the followings:
· [bookmark: _Hlk85108137]n+TA is M logical slots earlier than slot , and n+TB is  slots earlier than , where  is the first slot of the selected Y candidate slots of PBPS, and ,  are in units of physical time/slots.
· By default, M is 31 unless (pre-)configured with another value.

· For the periodic sensing occasion(s) (PSO(s)) that a UE needs to additionally monitored in PBPS, it shall be (pre-)configured jointly for all Preserve values.
· The UE is not required to monitor PSOs earlier than n–T0 if the UE is triggered to do resource (re)selection in slot n, where T0 is (pre-)configured 

· When UE performs at least contiguous partial sensing in a mode 2 Tx pool for a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n, TA and TB for CPS monitoring window and a candidate resource set (SA) is initialized according to potentially one of the following approaches (final decision in RAN1#107-e). Other approaches are not precluded and the details in each approach can still be updated.
· Approach 1: (SA is initialized based on at least slots with PBPS and/or CPS results and guarantee a minimum of M slots for CPS)
· The UE selects a set of Y’ candidate slots with corresponding PBPS and/or CPS results (if available) within the RSW.
· FFS how to handle the case if the total number of Y’ candidate slots is less than a (pre-)configured threshold Y’min without dropping the aperiodic transmission
· FFS whether the Y’ candidate slots for aperiodic transmission is the same as the Y candidate slots in PBPS for periodic transmission of another TB(s)
· FFS whether/how to prioritize/select resources based on partial sensing results.
· FFS: How to select Y’ in case of CPS only
· Candidate resource set (SA) is initialized to the set of all single-slot candidate resources in the selected Y’ candidate slots.
· For the CPS monitoring window [n+TA, n+TB]:
· TA and TB are both selected such that UE has sensing results for a minimum of M consecutive logical slots before ty0, where ty0 is the first slot of the selected Y’ candidate slots.
· FFS: By default, M is 31 unless (pre-)configured with another value, or M is (pre-)configured based on transmission priority
· FFS the range of (pre-)configured M from a TBD lowest value up to 30
· FFS: how to handle the case when the minimum M slots for CPS cannot be guaranteed
· FFS: RSW in case of CPS only
· Approach 2: (SA is initialized based on all candidate single-slot resources and guarantee a minimum of M slots for CPS)
· Candidate resource set (SA) is initialized to the set of all candidate single-slot resources in [n+TB+Tproc,0+Tproc,1, n+T2], where TB is selected by the UE such that length of [n+TB+Tproc,0+Tproc,1, n+T2] ≥ T2min.
· Tproc,0, Tproc,1 are in units of physical time/slots
· FFS whether/how to prioritize/select resources based on partial sensing results (if PBPS is performed).
· For the CPS monitoring window [n+TA, n+TB]:
· TA = X
· FFS value X for TA including X=1 and negative value
· TB is selected such that UE has sensing results for a minimum of M consecutive logical slots before the start of (n+TB+Tproc,0+Tproc,1).
· FFS: By default, M is 31 unless (pre-)configured with another value, or M is (pre-)configured based on transmission priority
· FFS the range of (pre-) configured M from a TBD lowest value up to 30
· FFS: how to handle the case when the minimum M slots for CPS cannot be guaranteed
· Approach 3: (independent approach for different case)
· When UE additionally performs periodic-based partial sensing in the resource pool, the above Approach 1 applies.
· When UE does not perform periodic-based partial sensing in a resource pool that does not allow resource reservation for another TB, the above Approach 2 applies.

Working Assumption
· In a resource pool (pre-)configured to enable partial sensing, when UE is configured with partial sensing by its higher layer, the resources for which the UE performs re-evaluation and/or pre-emption checking are for the initial transmission and retransmissions of every TB according to Rel-16 specification based on partial sensing results.
· Same as in Rel-16, for periodic transmission, re-evaluation check is not applied to the resources that have been signalled in current period or previous periods, except that it is up to UE implementation whether to apply re-evaluation check to the resources in non-initial reservation period that have been signalled neither in the immediate last nor in the current period.
· The resource in the main bullet is the set of resources (r0, r1, r2,…) and/or the set of resources (r0',r1',r2',…) for re-evaluation and/or pre-emption checking, respectively, which has been agreed in RAN1 #106-e.



Contiguous Partial Sensing (CPS)
Handling aperiodic transmission in resource pool with enabled semi-persistent reservations
In the previous meeting, we made an agreement for the CPS for periodic reservations in a resource pool. For the case of aperiodic transmission, when PBPS information are occasionally available in general those can be utilized but this step is clearly an optimization and thus the use of PBPS data can be either left up to UE implementation or specification of simple solutions can be considered. In our view, the CPS for these cases should be defined according to:
· n+TA is M logical slots earlier than the first candidate slot 
· n+TB is  slots earlier than the first candidate slot 
· The set SA is initialized to all remaining resources inside the RSW starting from y0
· If PBPS information is available occasionally, it is used only for resource exclusion procedure


For the CPS in case of aperiodic transmissions, the following is supported:
n+TA is M logical slots earlier than the first candidate slot , 
pre-configuration of M is dependent on priority
n+TB is  slots earlier than the first candidate slot 
The set SA is initialized to all remaining resources inside the RSW starting from y0
The PBPS information if available is used for resource exclusion only

Range of values for (pre)-configuration of Y 
In our understanding, the value range for the minimum number of candidate slots Y adjusts the number of slots that a UE using partial sensing needs to monitor. For partial sensing in LTE V2X, a value in the range of 1 to 13 was defined. In general, we do not see much motivation to define the minimum number of candidate slots Y for NR-V2X. However, if it is introduced then it should be defined per priority level as the minimum resource selection window determined by T2,min is also a function of priority.
For defining the range of Y, the following should be considered. As the minimum resource selection window for the case of 15 kHz can be configured to be 1 slot, the minimum for Y should also be one slot. For LTE the maximum resource selection window are 100 slots. In contrast for NR this is dependent on the implementation and the remaining PDB. However, the largest minimum resource selection window would be 160 slots for the case of 120 kHz SCS. If we apply the same ratio of 13/100 for LTE, we arrive at 21 slots. To allow for implementation specific larger values with the same ratio the maximum configurable value of Y should be set to 32. 


The minimum number of candidate slots Y for partial sensing is (pre)-configured per priority level
The minimum number of candidate slots Y is configurable in the range of 1 to 32 slots

Reduction of UE Active Time for TB Transmission
When UE operates in partial sensing mode, the amount of power saving gain depends on the amount of time necessary to complete transmission of a TB. Therefore, the faster UE completes transaction the more power saving gain can be achieved. To reduce amount of overall time for TB transmission, the UE can optimize resource selection procedure and among identified candidate resources for transmission, pick the one out of the N first in time candidate resources. 
Our system level evaluation analysis provided in Section 3 shows that additional power saving gains ~12% can be achieved without noticeable loss in PRR performance if early in time resource selection is applied on top of partial sensing.


To reduce time for transmission of a TB and improve power saving, randomly pick one out of N first in time candidate resources, where the value of N is pre-configured

Implications of Multiple Sensing Occasions for Resource Reservation Period
The following agreement was made by RAN WG1 for sensing occasions for a given resource reservation periodicity:
	· For the k value in periodic-based partial sensing for resource (re)selection,
· By default, the UE monitors the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots subject to processing time restriction.
· If (pre-)configured, UE additionally monitors periodic sensing occasions that correspond to a set of values which can be (pre-)configured with at least one value
· (Working assumption) Possible values correspond to the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots, and the last periodic sensing occasion prior to the most recent one for the given reservation periodicity are included.
· FFS: whether/which other values and details of the (pre-)configuration (e.g. max number of values or sensing occasions)
· FFS: whether a value denotes a specific occasion to monitor or the earliest occasion to start the monitoring.
· FFS relationship between periodic-based partial sensing occasions and SL-DRX
· Note:
· This is for the case when the resource (re)selection triggering slot n is expected by UE


In our view, the agreement made during RAN1#105-e on monitoring of multiple periodic sensing occasions for a given reservation period instead of using only the most recent one has impact on mode 2 resource set determination procedure described in clausa 8.1.4 of TS 38.214 []. The agreed functionality has impact on resource exclusion in step 5) and 6) of clausa 8.1.4 of TS 38.214 []. To structure the discussion, we split it into the following sub-topics:
· Resource exclusion due to sidelink transmissions by UE re-selecting resources
· Aggregation of SL-RSRP measurements and priority information from multiple sensing occasions
Resource exclusion due to sidelink transmissions by UE re-selecting resources
Figure 1 illustrates an example for one reservation period for the case of two sensing occasions (k = 2) configured. It describes scenario when UE transmits and thus not monitoring one or multiple slots due to the half duplex constraint in one of the periodic sensing occasions (the latest one). The R16 behavior requires UE monitoring only the latest occasion preceding resource selection and the related slot(s) in the resource selection window are excluded. If multiple occasions are configured, it is not clear if these slots should be excluded or not. In general, assuming k occasions are configured there are 2k different combinations of monitored and not monitored slots. 


[bookmark: _Ref76381911][bookmark: _Ref76381906]Figure 1: Illustration for one reservation period and two configured sensing occasions
This general problem can be solved in different ways. A slot should not be a candidate slot if all the k sensing occasions for each Preserve were not monitored for this slot.

SL-RSRP measurement and priority considerations for multiple sensing occasions
For the resource exclusion in step 6) of clause 8.1.4 of 38.214 [] the SL-RSRP value and priority level from transmission in the latest occasion before resource (re)-selection are used. For the case of monitoring multiple periodic occasions, it needs to be discussed whether SL-RSRP measurements and priority information from multiple sensing occasions can be combined. Given that preemption and sidelink collisions may happen for each transmission the combining of measurements or priority information across multiple occasions can only be possible if it can be verified that sidelink transmissions belong to the same semi-persistent process and belong to the same originating source. Therefore, the decoding of the stage-2 SCI may be needed to verify originating source during sensing operation.
To properly handle multiple sensing occasions for the resource exclusion, the following options can be analyzed:
Option 1: Independent processing of semi-persistent transmissions from multiple sensing occasions
· Semi-persistent transmissions across multiple sensing occasions are treated independently. Thus, even for multiple sensing occasions with the same periodicity these transmissions are treated as independent procedures for the resource exclusion in step 6) of clausa 8.1.4 in 38.214 [].
Option 2: Aggregation/combining of semi-persistent transmissions from multiple sensing occasions
· Semi-persistent transmissions originating from the same source and reserving the same periodic resources can be combined. This step requires the decoding of the 2nd stage SCI to detect the SRC ID. The R16 design does not imply decoding of the 2nd stage SCI for sensing operation. For aggregation the following parameters should match across aggregated occasions: periodicity/priority/number of subchannels and its allocation /SRC ID. If any of these parameters do not match the system automatically falls back to the case of treating each of these transmissions independently.


For periodic based partial sensing, with semi-persistent transmissions enabled per resource pool and multiple sensing occasions configured for Preserve
A slot is excluded if all of the k sensing occasions for each Preserve were not monitored for this slot
Each sensing occasions is treated independently for the SL-RSRP based candidate resource exclusion

[bookmark: _Ref79081633]Handling Cases with Incomplete Partial Sensing Information
There are at least two scenarios where resource (re)-selection with incomplete periodic-based partial sensing results could arise:
Scenario 1: Periodic reservation for transmission of the first (initial) TB of the semi-persistent process or TBs for which periodic-based partial sensing data is not sufficient
To handle this scenario, at least the following two alternatives can be considered:
· Alt.1: - Immediate semi-persistent reservation of resources
· In this case, UE indicates semi-persistent reservation starting from the first TB of the given semi-persistent process. Partial sensing procedure designed for aperiodic transmission can be applied for transmission of the 1st TB. If it happens that periodic based partial sensing results are available (applicable for given resource selection window) the UE can use this information to improve resource selection for transmission of the first TB and trigger periodic-based partial sensing for transmission to be used in the next resource reselection period which can be determined based on the following set of sub-alternatives.
· Alt. 1A: The next resource reselection period can be determined based on expiration of TB counter initialized with random number of TBs for transmission w/o reselection
· Alt. 1B: The next resource reselection period can be determined by the event when enough of periodic-partial sensing data is available at UE side
· Alt. 1C: The next resource reselection is determined based on the earliest time instance resulting from Alt. 1A and Alt. 1B
· Alt.2: - Postponed semi-persistent reservation of resources
· In this case, UE can immediately trigger periodic based partial sensing and transmit the first N TBs of semi-persistent process without resource reservation for the following TBs. For the transmission of the first N TBs, the UE can apply resource selection procedure defined for aperiodic transmission while at the same time aggregate periodic-based and contiguous partial sensing data for transmission of the N first TBs. Once a sufficient amount of periodic-based partial sensing information is available, the UE can perform resource (re)-selection and indicate semi-persistent reservation for the transmission of the future TBs of a given semi-persistent process. The amount of sufficient partial sensing information can be dependent on UE transmission period and can be controlled by pre-configuration of N per transmission period.
For both described above alternatives, in case of upcoming (predictable) semi-persistent resource reselection of a given semi-persistent process, the UE is expected to apply periodic-based partial sensing for resource reselection process.
Scenario 2: Periodic reservation for transmission of the pre-empted TBs of the semi-persistent process
Preemption of semi-persistent transmission may cause resource re-selection for transmission of each TB. It still needs to be discussed whether periodic based partial sensing need to be applied for transmission of each TB if preemption and semi-persistent reservations are enabled per resource pool. Whether to use periodic based partial sensing for preemption check for the transmission of each TB needs to be concluded first. Depending on this conclusion the following scenarios are possible:
· Scenario 2A: Periodic based partial sensing is triggered only for the case of the next resource reselection
· Scenario 2B: Periodic based partial sensing is triggered for transmission of each TB
Irrespective of the Scenario 2A or 2B the design alternatives applicable for Scenario 1 can be reused.


If periodic-based partial sensing information is not sufficient, UE selects resources based on partial sensing procedures designed for dynamic transmissions considering incomplete periodic based partial sensing information
If UE does not have sufficient periodic based partial sensing information, UE is not allowed to use semi-persistent reservation
Sufficient amount of periodic-based partial sensing information is determined by the following condition:
· N⸱PTX > Preserve_threshold where
· N – number of TBs transmitted without semi-persistent reservation configured for given PTX
· PTX – reservation period for transmission
· Preserve_threshold – pre-configured threshold which is one of the Preserve values

Additional Aspects of Power Saving Resource Allocation 
Sidelink HARQ Feedback
UE should be able to request HARQ feedback in all resource allocation schemes (including random resource selection). The mandatory condition for requesting feedback is monitoring of the related resources where feedback is expected. If UE does not have capability of sidelink reception, it shall not request for sidelink feedback. A UE deciding to transmit with HARQ feedback request shall monitor PSFCH resources for all potential re-transmissions of a TB unless re-transmissions are dropped.

Observation 5: 
UEs using partial sensing or random resource selection for transmissions with enabled HARQ feedback are required to monitor the associated PSFCH resources

Congestion Control
The following agreements were made by RAN WG1 regarding sidelink congestion control:
	· Further study congestion control based on CBR and CR for power saving RA schemes
· Identify necessary changes from R16 CBR/CR (if any), including transmission resource selection and transmission parameters that can be adjusted and applicable to power savings RA schemes
· Note: this is not intended to require all UEs to perform sensing for the purpose of CBR measurement


In R16, NR congestion control is based on Channel Busy Ratio (CBR) measurements defined in a 100ms window preceding each sidelink transmission. In case of partial sensing, it is possible to perform CBR measurements across multiple partial sensing windows, right before the actual sidelink transmission. This approach may be feasible for semi-persistent allocation when partial sensing is implemented across multiple windows corresponding to different configured periods. For dynamic resource reservations, multiple partial sensing window(s) may not be available right before sidelink transmission of a TB and thus previous CBR measurements and measurements performed within the ongoing partial sensing time interval can potentially be used.
As the current definition of the CBR measurement interval sl-TimeWindowSizeCBR can only take one of the two values 100 ms or 100 slots, it might be necessary to introduce additional values for CBR time windows applicable for UEs operating in partial sensing. Depending on the values of the partial sensing window, CBR measurements can be done across multiple partial sensing intervals.
In our view, more design details on partial sensing operation as well as more studies for candidate congestion control options are needed before further discussion on potential congestion control schemes for UEs operating in partial sensing mode. The major potential problem here is that CBR measurements may be quite rough and vary significantly even among re-transmissions of a TB. Various solutions can be considered if this problem is confirmed, e.g. definition of separate CBR table, CBR averaging/filtering, etc.

If SL reception is not supported by a UE, there may be no CBR measurement available at the UE. In this case, CBR may be provided by network using the Uu air-interface. However, this option does not work for out of coverage and PC5 only UEs. Another potential approach is to simply put constraints on maximum number of resources or CR value in a predefined time interval.


Define minimum number of slots to perform CBR measurements
Pre-configure CR threshold values for the cases when UE cannot perform CBR measurements within a pre-configured minimum number of slots
If minimum number of slots is not available, fall back to (pre)-configured table of CR thresholds per priority

Open Loop Power Control
In our opinion the only change necessary for SL Open Loop Power Control (OLPC) is related to the transmit power constraints due to congestion control. This means if the interaction of partial sensing and random resource selection and congestion control is clarified this will also solve all required changes of the OLPC. This even hold true for devices that cannot receive the SL as they would fall back to the case that the PSSCH and PSCCH power is only dependent on the CBR measurement and the maximum power. 

Sidelink DRX Behaviour
In our opinion the setup of the SL DRX should consider the physical layer communication requirements. For example, to achieve reliable, periodic communication the SL DRX periodicity needs to have at a minimum the same periodicity. In the same fashion if the SL DRX configuration of the recipient of the communication is known it is beneficial to consider its activity pattern during the resource selection. Otherwise, the transmitter might select resource that cannot be received as the receiving UE is inactive.


The design of SL DRX cycle needs to ensure that UE partial sensing behavior is respected (i.e. UE wake up time intervals for the purpose of partial sensing need to be aligned with On duration intervals, as well as traffic characteristics)

The following agreements were made by RAN WG1 regarding considering knowledge of SL DRX active time of a receiver for the transmitter’s resource selection:
	When PHY layer is indicated with an active time of RX UE from MAC layer for candidate resource selection, a restriction is applied in PHY layer so that at least a subset of candidate resources reported to MAC layer is located within the indicated active time of the RX UE. The following options will be further discussed in RAN1 to restrict resources for candidate resource selection taking into account the indicated active time from MAC layer:
· Option 1: PHY layer selects and reports candidate resources only within the indicated active time of the RX UE
· Option 2: PHY layer selects and reports candidate resources in which at least a subset of the candidate resources is within the indicated active time of the RX UE
· Option 3: PHY layer selects and reports an additional candidate resource set of candidate resources within the indicated active time of the RX UE


All options imply that L2 is only triggering L1 to select resources if there is sufficient SL DRX active time of the receiver left. Option 2 implies that after resource selection L2 removes all resource outside the receiver’s SL DRX active time after the candidate resource set is reported by the physical layer. In this case it is possible that after this exclusion no resources for transmission are left. This procedure also requires changes on the L2 side. To address this problem Option 1 is a more suitable solution. Option 3 contains the information of Option 1 plus the information of Option 2 after the resource re-selection trigger and is more complicated. 
In our view, the procedure should be as follows. Depending on the number of slots that are left in the SL DRX active time of the receiver L2 decides either to:
· Postpone resource selection to the next SL DRX active time
· Trigger L1 to perform resource selection considering the SL DRX active time of the receiver
· Trigger L1 to perform resource selection not considering the SL DRX active time of the receiver
As we think that at the time the L2 receives the packet it can decide which action to take we think that Option 1 is the most suitable for the case that SL DRX active time of a packet recipient should be considered.


If SL DRX active time of a receiver should be considered, then adopt Option 1: PHY layer selects and reports candidate resources only within the indicated active time of the RX UE

Conclusions
In this contribution, we have provided our views on potential power saving features and concepts for NR sidelink communication. In summary, we have following list of proposals for NR sidelink power saving:

Proposal 1: 
Random resource selection can be applied if
UE does not have sidelink RX chain to perform sidelink sensing (i.e., Type A UE)
UE is configured to operate in power saving resource allocation mode with random resource selection
Proposal 2: 
Support Option 1 for random resource selection in a resource pool with full/partial sensing
For transmission with a priority value above the threshold specific resources for low priority transmissions can be configured in the resource pool
Proposal 3: 
For the CPS in case of aperiodic transmissions, the following is supported:
n+TA is M logical slots earlier than the first candidate slot , 
pre-configuration of M is dependent on priority
n+TB is  slots earlier than the first candidate slot 
The set SA is initialized to all remaining resources inside the RSW starting from y0
The PBPS information if available is used for resource exclusion only
Proposal 4: 
The minimum number of candidate slots Y for partial sensing is (pre)-configured per priority level
The minimum number of candidate slots Y is configurable in the range of 1 to 32 slots
Proposal 5: 
To reduce time for transmission of a TB and improve power saving, randomly pick one out of N first in time candidate resources, where the value of N is pre-configured
Proposal 6: 
For periodic based partial sensing, with semi-persistent transmissions enabled per resource pool and multiple sensing occasions configured for Preserve
A slot is excluded if all of the k sensing occasions for each Preserve were not monitored for this slot
Each sensing occasions is treated independently for the SL-RSRP based candidate resource exclusion
Proposal 7: 
If periodic-based partial sensing information is not sufficient, UE selects resources based on partial sensing procedures designed for dynamic transmissions considering incomplete periodic based partial sensing information
If UE does not have sufficient periodic based partial sensing information, UE is not allowed to use semi-persistent reservation
Sufficient amount of periodic-based partial sensing information is determined by the following condition:
· N⸱PTX > Preserve_threshold where
· N – number of TBs transmitted without semi-persistent reservation configured for given PTX
· PTX – reservation period for transmission
· Preserve_threshold – pre-configured threshold which is one of the Preserve values
Proposal 8: 
Define minimum number of slots to perform CBR measurements
Pre-configure CR threshold values for the cases when UE cannot perform CBR measurements within a pre-configured minimum number of slots
If minimum number of slots is not available, fall back to (pre)-configured table of CR thresholds per priority
Proposal 9: 
The design of SL DRX cycle needs to ensure that UE partial sensing behavior is respected (i.e. UE wake up time intervals for the purpose of partial sensing need to be aligned with On duration intervals, as well as traffic characteristics)
Proposal 10: 
If SL DRX active time of a receiver should be considered, then adopt Option 1: PHY layer selects and reports candidate resources only within the indicated active time of the RX UE
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