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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 views 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 are provided in companion contributions [2] - [4].
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
Random resource selection provides substantial UE power saving for sidelink communication, especially if the UE is not intended/expected to monitor sidelink transmissions all the time. We follow agreements made by RAN WG1 at the previous meeting(s) on this aspect:
	· [bookmark: _Hlk68100100]Random resource selection is applicable to both periodic and aperiodic transmissions
· FFS conditions for random resource selection


For semi-persistent transmissions, following LTE-V2X design principles, random resource selection can be done when semi-persistent resource re-selection is triggered. Randomly selected resources can be used for a random number of subsequent periodic transmissions of different TBs (i.e. across multiple periods of semi-persistent process till the next resource re-selection trigger).
For dynamic transmissions, random resource selection can be done for all transmissions of a TB and each TB.
For both dynamic and semi-persistent transmissions, random resource selection is applied for initial transmission and all retransmissions of a TB. Under normal conditions, all retransmissions of a TB in randomly selected resources should follow resource reservation principle as in NR V2X, and thus the maximum distance in logical slots between any two transmissions of a TB should be less than 32 slots (to be signaled by SCI). In addition, random resource selection may or may not respect HARQ feedback time gap, i.e. PSSCH to PSFCH time gap. The gap should be respected, if transmitting UE utilizing random resource selection monitors PSFCH and requests for sidelink HARQ feedback, otherwise the gap can be ignored.
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 is applied for initial transmission and retransmissions of a TB within sidelink resource selection window, as determined in case of sensing operation
Random resource selection preserves SCI resource reservation principle as defined for sidelink transmissions in Rel.16
Maximum distance in logical slots for any two (tk and tk+1) consecutive sidelink transmissions of a TB is less than 32, if SCI indicates two resources
Maximum distance in logical slots for the pair (tk and tk+2) sidelink transmissions of a TB is less than 32, if SCI indicates three resources
Random resource selection can be enabled or disabled for different sidelink transmission priority levels 
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
Random resource selection respects minimum PSSCH to PSFCH HARQ time gap, if UE requests for sidelink HARQ feedback, otherwise the gap can be ignored

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 meeting(s) on this aspect:
	Agreements in RAN1#104-e
· 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.
· 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

Agreements in RAN1#104bis-e
· In periodic-based partial sensing,
· For the set of Preserve values, down-select to one of the following in RAN1#105-e
· Alt.1: Preserve corresponds to all values from the configured set sl-ResourceReservePeriodList
· Alt.2: A set of Preserve values is (pre-)configured and includes up to the full set of values from the configured set sl-ResourceReservePeriodList
· FFS if support multiple sets of Preserve values based on one or more metrics 
· FFS whether/how to restrict the set of values
· For the k value, down-selection to one of the following in RAN1#105-e (further refinement of each of the alternatives is possible)
· Alt 1: Option 1 as in RAN1#104-e
· Alt 2: A modified Option 5 as in RAN1#104-e, where the modification is such that it also includes option 1
· FFS how to (pre-)configure (e.g. including bitmap), whether a maximum number of k values is needed, and whether it can be up to UE implementation to select a k value based on the (pre-)configuration
· FFS details, e.g., sensing before the resource (re)selection trigger or the first slot of the set of Y candidate slots subject to processing time restriction, etc.
· Note: companies are encouraged to provide more evaluations 




According to agreements, the RAN WG1 need to address the following FFS aspects which are discussed in the next sub-sections:
· Aspect 1: Monitoring/sensing window settings - TA, TB around resource (re)-selection trigger
· Aspect 2: Periodic-based partial sensing process for resource (re)selection without periodic reservation 
· Aspect 3: Range of values for (pre)-configuration of a minimum value for Y
· Aspect 4: Reduction of UE Active Time for TB Transmission
· Aspect 5: Preserve is a periodicity value from the configured set of possible resource reservation periods allowed in the resource pool (sl-ResourceReservePeriodList).
· Aspect 6: Options for ‘k’ value – amount of sensing occasions for a given reservation periodicity
· Aspect 7: Handling the cases with incomplete periodic-partial sensing information
· Aspect 8: Preemption handling
· Aspect 9: Conditions to perform periodic-based, contiguous partial sensing and PSSCH demodulation

TA, TB Settings for Monitoring/Sensing Window
Resource Pools with Semi-persistent Reservations
In resource pools, where semi-persistent reservations are disabled, the maximum sensing window duration may be limited by the SCI signaling window size (32 logical slots). In this configuration scenario, UE may still have periodic and/or aperiodic traffics that need to be discussed separately.

Monitoring window settings (TA, TB) for aperiodic traffic
Aperiodic traffic has unknown packet arrival time. It is not possible to wake up and sense the radio-environment right before the packet arrival and therefore partial sensing procedure can be activated directly by resource (re)-selection trigger. In this case, two options are possible:
a. Option 1: The UE performs partial sensing for N = 32 logical slots (SCI signaling window duration) and then triggers resource selection procedure, while continue sensing till the last retransmission of a TB.
b. Option 2: The UE simultaneously triggers both partial sensing and resource selection procedure. In this case, UE can eventually transmit before it aggregates sensing information from N = 32 logical slots.
In our view, Option 2 is more general, since Option 1 can be achieved by UE implementation if the packet delay budget is sufficiently large. Note that the main purpose for sensing 32 logical slots before each transmission is to detect potential collisions with blind retransmissions.
Therefore, the following monitoring window settings can be used:
· TA settings – start of the monitoring window
· Alt.1: TA ≤ ∆A 
· In this case, the value of ∆A depends on the maximum time required for switching from sleep state to the monitoring state (it can be different for different sleep states: micro, light, deep). It assumes that UE is in a sleep state when resource (re)-selection trigger is received. In case of aperiodic traffic, the monitoring window start time depends on time required to switch from sleep state which shortens PDB.
· Alt.: TA = ∆A = 1 slot, if monitoring window starts from slot ‘n+1’
· In this case UE implementation ensures that switching to monitoring state by the time the physical layer gets the resource (re)-selection trigger from higher layer. This means that the higher layer delayed the resource (re-)selection trigger till the device woke up from any possible sleep state. This has the advantage that the device specific wake-up time can be accurately accounted for.
· TB settings – end of the monitoring window
· TB = ∆B – T3 ≤ PDB
· In this case, the value ∆B is determined by time instance (slot index) corresponding to the last retransmission of a given TB or HARQ feedback, T3 – processing delay in slots to account the sensing and processing delays (e.g. Tproc,0 and Tproc,1).

We want to emphasize here that our selection of TB is dependent on retransmissions due to HARQ feedback. Prior to the feedback it is unknown if additional retransmissions including potential additional sensing is required, we think contiguous sensing should thus be enabled till no more retransmissions can be expected. This also means that for transmissions based on blind retransmissions no additional sensing after the initial sensing window is required. This is under the assumption that pre-emption is not enabled.

Monitoring window settings (TA, TB) for periodic traffic
Although semi-persistent transmissions/reservations are not supported by the resource pool, the UE by implementation can still predict the packet arrival time in case of periodic traffic and thus it can wakeup right before upcoming transmission of a TB and sense the radio-environment. In this case, UE partial sensing can be triggered N = 32 logical slots ahead of resource re-selection trigger, so that sensing data over duration of one SCI signaling window are available before new TB/packet arrival. In this case, the following two options are possible:
a. Option 1: The UE triggers partial sensing ahead of the upcoming resource re-selection trigger on 32 logical slots (SCI signaling window duration) and continues sensing till the last retransmission of a TB.
b. Option 2: The UE simultaneously triggers both partial sensing and resource re-selection procedures. In this case, the UE can eventually transmit by the time it aggregated sensing information from 32 logical slots.
Option 1 is optimal for periodic traffic when semi-persistent reservations are disabled in a resource pool. It may be also applied for better coexistence of periodic and aperiodic traffic, for the case when semi-persistent reservations are enabled in a sidelink resource pool. Therefore Option 1 can be recommended, if similar behavior is agreed for the case of enabled semi-persistent reservations in a resource pool, as it can provide higher reliability to transmissions associated with periodic traffic. As the value of T1 is up to UE implementation and can be equal to 0 in the extreme case, sensing needs to start at least 32 logical slots before n.
Therefore, the following monitoring window settings TA and TB can be used: 
· TA
· – max((∆A + tn-32), resource selection window size) ≤ TA ≤ 1 slot, where tn-32 is the distance in physical slots to the slot that is 32 logical slots before the slot with physical index n
· TB
· Same options as for aperiodic traffic

Resource Pools without Semi-persistent Reservations
Monitoring window settings (TA, TB) for aperiodic traffic
For dynamic sidelink transmissions, the same partial sensing and resource selection behavior as described for aperiodic traffic in case of disabled semi-persistent reservations can be used, i.e. TA and TB are the same as for aperiodic transmissions w/o semipersistent reservations.

Monitoring window settings (TA, TB) for periodic traffic
For periodic sidelink transmissions, the same partial sensing and resource selection behavior as described for periodic traffic in case of disabled semi-persistent reservations can be used, i.e. TA and TB are the same as for periodic transmissions w/o semipersistent reservations.
Combining the aspects discussed in this subsection we would like to make the following proposal:


For dynamic resource selection (aperiodic traffic) or resource selection for the first TB of semi-persistent process
UE performs partial sensing together with resource re-selection/re-evaluation procedures within monitoring window [n+TA, n+TB], where
n - slot when UE gets trigger for resource selection from higher layers
Two alternatives for TA
Alt.1: TA = 1 slot, 
Alt.2: TA ≤ ∆A, where the value of ∆A depends on the maximum time required for switching from sleep state to the monitoring/sensing state
TB = ∆B – T3 ≤ PDB, where the value ∆B is determined by slot corresponding to the last retransmission of a given TB or HARQ feedback, T3 – processing delay in slots
For semi-persistent resource (re)-selection (periodic traffic) or dynamic resource selection for periodic traffic
UE performs partial sensing together with resource re-selection/re-evaluation procedures within monitoring window [n+TA, n+TB], where
n – slot when UE gets trigger for resource (re)-selection from higher layers
Two alternatives for TA
TA - is within a range: –max(tn-32, resource selection window size) ≤ TA ≤ 1 slot, where tn-32 is the distance in physical slots to the slot that is 32 logical slots before the slot with physical index n
TA - is within a range: –max((∆A + tn-32), resource selection window size) ≤ TA ≤ 1 slot, where tn-32 is the distance in physical slots to the slot that is 32 logical slots before the slot with physical index n, the value of ∆A depends on the maximum time required for switching from sleep state to the monitoring/sensing state
TB - is determined in the same way as for dynamic resource reservation

Periodic-based Partial Sensing for Resource (Re)-selection without Periodic Reservation
The main problem of periodic-based partial sensing in application to aperiodic traffic is unknown packet arrival time. Therefore, its applicability should be limited to periodic traffic only (traffic with predictable arrival time). If semi-persistent reservations are enabled in a resource pool but a UE does not utilize the semi-persistent reservation processes for periodic traffic, it may still be valuable for such UE to perform periodic based partial sensing, so that it can take into account periodic transmissions from other UEs. For handling aperiodic traffic, the periodic-based partial sensing will increase power consumption without guaranteeing that periodic sensing data will be used for resource selection. Therefore, we do not see benefits to define periodic-based partial sensing for transmissions without semi-persistent reservations. At the same time, we assume that periodic-based partial sensing should not be precluded by specification and thus can be left up to UE implementation.


Specification does not support periodic-based partial sensing for transmissions without semi-persistent reservation
In resource pool with enabled semi-persistent reservations, the use of periodic-based partial sensing for transmissions without semi-persistent reservation is left up to UE implementation

On the Minimum Value Y of Candidate Slots 
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.


The minimum number of candidate slots Y for partial sensing is (pre)-configured per priority level

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

Resource Reservation Periods (Preserve)
The following agreement was made by RAN WG1 with respect to Preserve values for periodic-based partial sensing support:
	· In periodic-based partial sensing,
· For the set of Preserve values, down-select to one of the following in RAN1#105-e
· Alt.1: Preserve corresponds to all values from the configured set sl-ResourceReservePeriodList
· Alt.2: A set of Preserve values is (pre-)configured and includes up to the full set of values from the configured set sl-ResourceReservePeriodList
· FFS if support multiple sets of Preserve values based on one or more metrics 
· FFS whether/how to restrict the set of values
· Note: companies are encouraged to provide more evaluations 


In our view, Alt. 2 should be supported as it covers Alt. 1 and does not bring additional complexity to the UE. At the same time, it provides additional power saving benefits w/o noticeable impact on reliability especially for the cases when transmissions with certain periodicity are dominant in the system. Therefore, we think the configured subset of Preserve values should be supported per sidelink resource pool and can be properly configured during system profiling stage.


For the partial sensing case with semi-persistent transmissions enabled per resource pool
The set of Preserve values for partial sensing is (pre)-configured) per resource pool from the list provided by sl-ResourceReservePeriodList

Sensing Occasions for Resource Reservation Period
The following agreement was made by RAN WG1 for sensing occasions for a given resource reservation periodicity:
	· In periodic-based partial sensing,
· For the k value, down-selection to one of the following in RAN1#105-e (further refinement of each of the alternatives is possible)
· Alt 1: Option 1 as in RAN1#104-e
· Alt 2: A modified Option 5 as in RAN1#104-e, where the modification is such that it also includes option 1
· FFS how to (pre-)configure (e.g. including bitmap), whether a maximum number of k values is needed, and whether it can be up to UE implementation to select a k value based on the (pre-)configuration
· FFS details, e.g., sensing before the resource (re)selection trigger or the first slot of the set of Y candidate slots subject to processing time restriction, etc.
· Note: companies are encouraged to provide more evaluations 


In our view periodic-based partial sensing should provide partial sensing and complexity reduction. UEs operating in full sensing mode do not consider multiple preceding occasions for a given transmission period and thus it should not be required for periodic-partial sensing. We see the following drawbacks in supporting multiple k values: 1) increase of UE complexity, 2) increase of UE power consumption 3) implies more specification efforts 4) is not aligned with baseline sensing operation principle. Considering above drawbacks, it is sufficient to support k = 1 only.


For the partial sensing case with semi-persistent transmissions enabled per resource pool
Only the most recent sensing occasion for a given reservation periodicity before the resource (re)-selection trigger or the set of Y candidate slots are used for periodic partial sensing, subject to processing time restriction 
Periodic partial sensing window is determined by the max {resource selection window (T2-T1), SCI signaling window of 32 slots}

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

Preemption Handling
If preemption is enabled, UE performing semi-persistent transmissions should perform preemption check before each transmission of a TB. The partial sensing window of size max {resource selection window size, SCI signaling window size (N = 32 logical slots)} can be used for preemption check. It needs to be discussed further whether to support periodic-based partial sensing for preemption check for every TB or before the resource reselection only. In our view, periodic-based partial sensing for every TB with preemption check may result in significant power consumption. The power consumption for periodic traffic/semi-persistent transmissions may become much higher than for aperiodic traffic with the same intensity. Considering this aspect, it makes sense to have configurability among the following two options for preemption check:
· Option 1: Periodic-based partial sensing is enabled for every TB transmission
· Option 2: Periodic-based partial sensing is enabled for resource reselection events


UE preemption behavior in terms of resource yielding and re-selection is reused from NR-V2X Rel.16 for each partial sensing time interval, determined from partial sensing windows
For preemption check in case of periodic-based partial sensing, support configurability among the following two options
Option 1: Preemption check and periodic-based partial sensing are enabled for every TB transmission
Option 2: Preemption check and periodic-based partial sensing are enabled for resource reselection events

Conditions to Perform Periodic-based, Contiguous Partial Sensing and PSSCH Demodulation
In our opinion the possibility to perform periodic-based partial sensing and/or contiguous partial sensing should be dependent on the following parameters:
Priority:
· Transmissions with a high priority should have the possibility to perform contiguous partial sensing.
QoS constraints of the packet: 
· It is important to consider QoS criteria of the packet for the selection where partial sensing can be used. 


Partial sensing can be enabled /disabled per transmission priority level and the quality of service requirements
For power saving, UE can skip PSSCH demodulation depending on sidelink transmission priority level

Adaptation of Power Saving Resource Allocation Schemes
At the previous meeting, different types of UE behaviors beneficial for power consumption were discussed
· Type A: No SL reception
· Type B: only PSFCH/PSBCH reception
· Type-D: reception of all sidelink physical channels
The Type-A and Type B behaviors are associated with random resource selection, while for Type-D both partial sensing and full sensing operation modes are possible. The UE adaptation between random, partial, full sensing resource selection schemes can benefit UE power saving. One of the possible solutions here is to apply filtered CBR criteria for adaptation. The L3 filtered CBR measurements can be compared with the pre-configured thresholds to switch b/w power saving resource allocation schemes. The intention beyond this approach is to apply random resource selection in low loading, partial sensing in medium, and full sensing in high loading scenarios, for the case when UE needs to save power. The different power saving resource allocation schemes can be also activated depending on the service provided by UE. The mechanism for association/mapping of services to power saving resource allocation schemes can be defined.


For UE sidelink power saving, NR supports adaptation of sidelink power saving resource allocation schemes (i.e. b/w random, partial, or full sensing-based resource selection)

Additional Aspects of Sidelink Power Saving Resource Allocation Schemes
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 1:
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 Rel. 16, 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.


Decisions related to congestion control for partial sensing UEs are discussed when design of partial sensing mechanism is completed (at least enough details are defined)

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 amount of resources or CR value in a predefined time interval.


FFS how to support congestion control in case of random resource selection if no SL reception is supported by UE

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. 
 
Communication b/w Partial Sensing UEs
LTE V2X design does not support sidelink communication b/w UEs performing partial sensing. For NR system targeting to support various use cases such functionality is desirable. To communicate among partial sensing UEs, both UEs need to know the time intervals when the other UEs monitor the PSCCH or perform partial sensing.
Partial sensing time intervals are determined by attributes of incoming traffic/packets and thus unlikely to be aligned among UEs operating in partial sensing mode. This may result in useless sidelink transmissions, if destination UE is not monitoring the PSCCH. To solve this problem, the following can be proposed:
1. Introduce PSCCH monitoring intervals as a function of L2 or L1 destination IDs (or source IDs) and uniformly distributed (randomized) in time across sidelink pool resources
a. This is needed to send request for establishing sidelink communication among UEs in partial sensing mode (e.g. establishing unicast communication and sidelink capability exchange, etc.)
2. Introduce inter-UE signaling to negotiate parameters and time intervals where UE(s) are expected to monitor PSCCH resources and perform sensing for sidelink communication
a. This is needed to enable sidelink communication b/w partial sensing UEs
In general, the above functionality can be also supported and integrated as a part of sidelink DRX framework that assumes some active time intervals. However, if this functionality is not a part of sidelink DRX design then additional PSCCH monitoring time intervals may need to be defined.


If support of communication b/w partial sensing UEs is not integrated into SL-DRX design, then 
Introduce PSCCH monitoring intervals as a function of L2 or L1 destination IDs 
Introduce inter-UE signaling to negotiate sidelink resources (e.g. PSCCH monitoring intervals) where UE(s) are expected to monitor PSCCH resources and perform sensing for sidelink communication. Other signaling details are left up to RAN WG2

Sidelink DRX Behaviour
A LS from RAN2 [8] related to working assumption made on SL DRX was received at the previous meeting. In our opinion, the introduction of SL DRX has limited impact on the physical layer procedures. However, it needs to be ensured that there is enough time to perform all required measurements as well as perform time and frequency synchronization. The required measurement time is dependent on which resource allocation scheme is used. To enable discovery based on broadcast communication, alignment of the SL DRX for different devices is necessary. During the unicast or groupcast communication setup a minimal set of time slots during which participating devices are active needs to be agreed.
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. 
These considerations are dependent on the details of the SL DRX implementation. In our understanding at this stage the design of the SL DRX in RAN2 is not sufficiently complete to discuss all details in RAN1.


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)

[bookmark: _Ref71630936]Partial Sensing Evaluation Results 
In this section, we provide sidelink power saving system level evaluation results. The SL power model follows the power model described in [5] with adaptation for the SL being agreed in chair notes for RAN1#102-e [6] and RAN1#103-e [7] meetings.
The evaluation assumptions are summarized in section 7.1. We compared the performance of pedestrian (P-UEs) in terms of power consumption and PRR in a mixed scenario with P-UEs and V-UEs present. The analysis was done for P2V and V2V communication assuming that 1) all UEs (P-UEs and V-UEs) perform full sensing and 2) P-UEs perform partial sensing and V-UEs use full sensing mode.
From the power consumption analysis in Figure 1, there are three cases evaluated: 
For the case of full sensing operation it is seen that UEs consume most of their power for processing sidelink control and shared channels. 
For the partial sensing case, we see that the power consumption is dominated by the GNSS synchronization and the power consumption in the sleep states (transition b/w sleep and wake up states). 
Finally, the combination of partial sensing with early in time resource selection provides additional power saving gain w/o loss in PRR.
Figure 2 provides PRR performance for the P2V or V2V traffic. There is no loss in performance of the transmissions originating from P-UEs in case of aperiodic traffic with large PDB. It can be explained by the fact that once resource reselection is triggered, P-UEs can wait for a certain amount of time and acquire necessary amount of sensing data (i.e. 32 slots) to perform resource selection. Obviously, if the P-UE selects another strategy and selects resources right after resource selection trigger some loss of V2V and P2V can be expected.

Observation 2:
· Partial sensing-based resource selection can substantially reduce UE power consumption (i.e. increase UE power saving)
· In considered urban scenario, no PRR degradation for P2V and V2V traffic was observed for considered partial sensing scheme
· Power saving gain is increased if early in time resource selection is applied on top of partial sensing
· Up to ~12% gain is achieved with respect to partial sensing without noticeable PRR degradation
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(a) Full sensing (98.8)
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(b) Partial sensing (25.6)
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(c) Partial sensing w/ early in time resource selection (22.5)

	Figure 1: P-UE mean power consumption per slot
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[bookmark: _Ref61863549]Figure 2: Average PRR over the distance 
P2V (left) and V2V (right) traffic for full sensing / partial sensing and partial sensing with early in time resource selection P-UEs.

Additional Sidelink Power Saving Features
Mix of Blind Retransmission and HARQ Based Transmissions

Mixture of blind retransmissions and HARQ can also improve UE power consumption and reliability of transmission. There are scenarios where either the initial transmission is colliding with another transmission or the initial transmission cannot be decoded by the receiver without a second transmission. From TX UE perspective, the required sensing for multiple, initial blind retransmissions relative to an initial transmission plus feedback and allocating a retransmission is substantially larger. We also showed in [3] and [4] this has a positive effect on the reliability. 


For single TB transmission, support mixture of blind and HARQ feedback based re-transmissions

Sidelink Bandwidth Adaptation
On top of partial sensing mechanism operating over subset of slots, for the sake of power saving, UE in general case can monitor only subset of resources of sidelink resource pool, e.g. subset of sub-channels and/or slots. The set of monitored sidelink resources can be pre-configured by higher layers and associated with specific control plane functionality, e.g. for monitoring discovery announcements, connection establishments, wake up signals, etc. It is also possible that for different resource allocation schemes a different, possibly overlapping set of resources is allocated. This would define a sub-resource pool. For power saving in unicast or groupcast communication, it is beneficial, if UEs can exchange information and negotiate sub-set of monitored sidelink resources for inter-UE sidelink communication. To save power, UEs can adapt monitored sidelink bandwidth and/or time interval (slots) for sidelink transmission and reception.



Figure 3: Example of sidelink bandwidth adaptation

The power consumption improvement can be estimated from the power consumption scaling. This means for using only 10 MHz out of a 20 MHz bandwidth would save 18.75 % of power. For the case that 10 or 20 MHz out of a bandwidth of 40 MHz is used this would result in 40.91 % and 27.27 % power saving respectively. Note that this is an upper bound of the power saving relative to a system without bandwidth reduction, irrespective if partial of full sensing is used.


Sidelink bandwidth adaptation for transmission / reception is supported as a power saving feature

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 is applied for initial transmission and retransmissions of a TB within sidelink resource selection window, as determined in case of sensing operation
Random resource selection preserves SCI resource reservation principle as defined for sidelink transmissions in Rel.16
Maximum distance in logical slots for any two (tk and tk+1) consecutive sidelink transmissions of a TB is less than 32, if SCI indicates two resources
Maximum distance in logical slots for the pair (tk and tk+2) sidelink transmissions of a TB is less than 32, if SCI indicates three resources
Random resource selection can be enabled or disabled for different sidelink transmission priority levels 
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
Random resource selection respects minimum PSSCH to PSFCH HARQ time gap, if UE requests for sidelink HARQ feedback, otherwise the gap can be ignored
Proposal 2: 
For dynamic resource selection (aperiodic traffic) or resource selection for the first TB of semi-persistent process
UE performs partial sensing together with resource re-selection/re-evaluation procedures within monitoring window [n+TA, n+TB], where
n - slot when UE gets trigger for resource selection from higher layers
Two alternatives for TA
Alt.1: TA = 1 slot, 
Alt.2: TA ≤ ∆A, where the value of ∆A depends on the maximum time required for switching from sleep state to the monitoring/sensing state
TB = ∆B – T3 ≤ PDB, where the value ∆B is determined by slot corresponding to the last retransmission of a given TB or HARQ feedback, T3 – processing delay in slots
For semi-persistent resource (re)-selection (periodic traffic) or dynamic resource selection for periodic traffic
UE performs partial sensing together with resource re-selection/re-evaluation procedures within monitoring window [n+TA, n+TB], where
n – slot when UE gets trigger for resource (re)-selection from higher layers
Two alternatives for TA
TA - is within a range: –max(tn-32, resource selection window size) ≤ TA ≤ 1 slot, where tn-32 is the distance in physical slots to the slot that is 32 logical slots before the slot with physical index n
TA - is within a range: –max((∆A + tn-32), resource selection window size) ≤ TA ≤ 1 slot, where tn-32 is the distance in physical slots to the slot that is 32 logical slots before the slot with physical index n, the value of ∆A depends on the maximum time required for switching from sleep state to the monitoring/sensing state
TB - is determined in the same way as for dynamic resource reservation
Proposal 3: 
Specification does not support periodic-based partial sensing for transmissions without semi-persistent reservation
In resource pool with enabled semi-persistent reservations, the use of periodic-based partial sensing for transmissions without semi-persistent reservation is left up to UE implementation
Proposal 4: 
The minimum number of candidate slots Y for partial sensing is (pre)-configured per priority level
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 the partial sensing case with semi-persistent transmissions enabled per resource pool
The set of Preserve values for partial sensing is (pre)-configured) per resource pool from the list provided by sl-ResourceReservePeriodList
Proposal 7: 
For the partial sensing case with semi-persistent transmissions enabled per resource pool
Only the most recent sensing occasion for a given reservation periodicity before the resource (re)-selection trigger or the set of Y candidate slots are used for periodic partial sensing, subject to processing time restriction 
Periodic partial sensing window is determined by the max {resource selection window (T2-T1), SCI signaling window of 32 slots}
Proposal 8: 
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 9: 
UE preemption behavior in terms of resource yielding and re-selection is reused from NR-V2X Rel.16 for each partial sensing time interval, determined from partial sensing windows
For preemption check in case of periodic-based partial sensing, support configurability among the following two options
Option 1: Preemption check and periodic-based partial sensing are enabled for every TB transmission
Option 2: Preemption check and periodic-based partial sensing are enabled for resource reselection events
Proposal 10: 
Partial sensing can be enabled /disabled per transmission priority level and the quality of service requirements
For power saving, UE can skip PSSCH demodulation depending on sidelink transmission priority level
Proposal 11: 
For UE sidelink power saving, NR supports adaptation of sidelink power saving resource allocation schemes (i.e. b/w random, partial, or full sensing-based resource selection)
Proposal 12: 
Decisions related to congestion control for partial sensing UEs are discussed when design of partial sensing mechanism is completed (at least enough details are defined)
Proposal 13: 
FFS how to support congestion control in case of random resource selection if no SL reception is supported by UE
Proposal 14: 
If support of communication b/w partial sensing UEs is not integrated into SL-DRX design, then 
Introduce PSCCH monitoring intervals as a function of L2 or L1 destination IDs 
Introduce inter-UE signaling to negotiate sidelink resources (e.g. PSCCH monitoring intervals) where UE(s) are expected to monitor PSCCH resources and perform sensing for sidelink communication. Other signaling details are left up to RAN WG2
Proposal 15: 
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 16: 
For single TB transmission, support mixture of blind and HARQ feedback based re-transmissions
Proposal 17: 
Sidelink bandwidth adaptation for transmission / reception is supported as a power saving feature
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Appendix – A: Evaluation Assumptions
[bookmark: _Ref61874020]Assumptions for Evaluations with partial sensing
[bookmark: _Ref534982661]Table 1: System level evaluation assumptions power saving evaluations
	Parameter
	Value

	Deployment scenario
	· NR V2X Urban scenario
· Vehicle speed: 60 km/h
· Number of pedestrian UEs: 500

	Channel model
	TR 37.885, NR V2X Channel Model

	Spectrum allocation
	Carrier frequency: 6GHz
Simulated bandwidth: 40 MHz

	Subcarrier spacing
	30 kHz

	Communication Mode(s)
	Groupcast, connection-less, 150 m range

	UE-to-UE Association
	· UE is considered as member of the group based on location principle
· Each UE may be a member of a multiple groups

	TTI structure
	NR Slot TTI: 
· Slot w/o PSFCH zone: 1 AGC symbol, 1 GAP symbol, 2 PSSCH symbols w/ pilots
· Slot w/ PSFCH zone: 1 AGC symbol, 2 GAP symbol, 2 PSSCH symbols w/ pilots, 2 symbols for PSFCH

	PSFCH Zone Allocation
	Enabled, in every 2nd slot

	Sidelink control TX parameters 
	64 Bits
QPSK Modulation

	SCI/Data frequency resource allocation
	· PSCCH: 10 PRB
· PSSCH: 35 PRB

	SCI/Data time resource allocation
	· PSCCH: 3 Symbols
· PSFCH: 2 Symbols
· PSSCH: Remaining symbols in slot

	Data Packet Tx parameters
	Aperiodic variable packet size evaluations: 
· 200 B packet: QPSK, 2 TTI
· 400 B packet: 16-QAM, 2 TTI
· 600 B packet: 16-QAM, 2 TTI
· 800 B packet: 16-QAM, 2 TTI
· 1000 B packet: 16-QAM, 3 TTI
· 1200 B packet: 16-QAM, 3 TTI
· 1400 B packet: 64-QAM, 3 TTI
· 1600 B packet: 64-QAM, 3 TTI
· 1800 B packet: 64-QAM, 4 TTI
· 2000 B packet: 64-QAM, 4 TTI

	HARQ Feedback
	Disabled

	Vehicle UE

	Tx/Rx Antenna Ports
	1Tx/2Rx

	V2V Traffic model
	Aperiodic variable packet size traffic (TR 37.885 Aperiodic Model 1 traffic):
· Packet size: uniform in the range [200..2000] B with quantization step of 200 B 
· Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
· Latency requirement: 50 ms

	Resource selection
	· Resource selection with full sensing
· Resource selection window size: 32 slots


	Pedestrian UE

	Tx/Rx Antenna Ports
	1Tx/2Rx

	P2V Traffic model
	Aperiodic variable packet size traffic:
· Packet size: uniform in the range [200..800] B with quantization step of 200 B 
· Inter-packet arrival time: 250 ms + an exponential random variable with the mean of 250 ms
· Latency requirement: 100 ms

	Resource selection
	· Full sensing
· Resource selection window size: 32 slots
· Partial sensing
· Sensing window is allocated right after resource selection trigger event
· Sensing is performed until the last TTI transmission
· Resource selection window starts with 16 ms offset after resource selection trigger event
· Resource selection window size: 32 slots
· Partial sensing with early in time resource selection
· Sensing window is allocated right after resource selection trigger event
· Sensing is performed until the last TTI transmission
· Resource selection window starts with 8 ms offset after resource selection trigger event
· Resource selection window size: 32 slots
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