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Introduction
In RAN1 105-e, the following agreements were made for sidelink power saving [1]:
	Agreement:
· For the set of Preserve values in periodic-based partial sensing, 
· If no (pre-)configuration (i.e., by default), Preserve corresponds to all values from the (pre-)configured set sl-ResourceReservePeriodList.
· Otherwise, a single set of Preserve values can be (pre-)configured, where the set of Preserve values are restricted to a subset of the (pre-)configured set sl-ResourceReservePeriodList
· This is per mode 2 Tx resource pool (pre-)configuration
· A UE by implementation may also monitor other sl-ResourceReservePeriodList values not part of the restricted subset 
· In particular, the UE may additionally monitor occasions corresponding to P_RSVP_Tx
· FFS whether the monitoring can be mandatory
Agreement:
· In periodic-based partial sensing for resource (re)selection, the UE at least monitors in periodic sensing occasion(s) for a given reservation periodicity before the first slot of the selected Y candidate slots subject to processing time restriction for the identification of candidate resources.
· The processing time restriction includes Tproc,0SL  and Tproc,1SL.
· Aspects relating to sensing during SL DRX are to be discussed separately
· Relationship to re-evaluation and pre-emption operation for periodic-based partial sensing to be discussed separately
· FFS details including whether 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 or re-evaluation and pre-emption checking
Agreement:
· 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

Agreement:
· 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.).

Agreement:
In contiguous partial sensing for resource (re)selection, TA and TB values can be zero, positive or negative 
· TA and TB values or range depend on different operating scenarios or conditions (e.g., periodic/aperiodic traffic, predictability of triggering slot n, remaining PDB, re-evaluation/pre-emption checking, HARQ feedback, CBR/CR parameter, power saving, etc)
· FFS details
· FFS: details of how periodic-based partial sensing and contiguous partial sensing are used for re-evaluation and pre-emption checking. Including how to reduce UE’s power consumption (caused by additional sensing operation of re-evaluation/pre-emption) after its resource selection, with the considerations of different operating scenarios or conditions (e.g., pre-emption enabled/disabled, HARQ-ACK enabled/disabled, etc).



In this contribution we discuss the details of periodic and contiguous partial sensing. We also discuss random selection, resource pool sharing among UEs with different sensing capabilities, and SL-DRX aspects. We then talk about the need for wake-up signal for sidelink power saving. 

Discussion
Both periodic partial sensing and contiguous partial sensing were agreed in RAN1-104-e [2]. Periodic partial sensing is based on LTE-V partial sensing which is suitable for detecting periodic reservations in the pool when transmitting periodic traffic. But NR sidelink also supports aperiodic traffic in addition to periodic traffic. Hence, contiguous sensing can be used to detect aperiodic reservations in a resource pool when transmitting either periodic or aperiodic traffic. In Rel-16 NR, aperiodic transmissions are allowed in all sidelink resource pools. A UE performing resource selection for periodic transmission should be required to detect aperiodic reservations made by other UEs. In our view, to ensure system performance and reduce collisions, all UEs performing periodic partial sensing should be also expected to perform contiguous partial sensing to detect aperiodic reservations. We propose the following: 
Observation 1: Rel-16 NR allows aperiodic reservations in all sidelink resource pools.
Proposal 1: UEs performing periodic partial sensing are also expected to perform contiguous sensing simultaneously to detect aperiodic reservations made by other UEs in the pool.

Periodic-based partial sensing
UE selects a set of Y candidate slots from a resource selection window and the set of sensing slots are determined based on  for different values of  and, as illustrated in Figure 1. 
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Figure 1 Periodic-based partial sensing in NR sidelink
In RAN1-105-e, agreement was reached to use the set of all sl-ResourceReservePeriodList values by default for . In addition, if (pre)-configured, a subset of sl-ResourceReservePeriodList values can be used instead of all values. An open issues is whether UE should be mandated to always monitor the reservation periodicity that corresponds to the value of the reserve reservation interval  configured when the resource selection procedure is triggered at the higher layer. Although monitoring the periodicity  can help reduce potential collisions, the agreed configuration design for  already provides good flexibility. Network will configure the necessary set of periodicity values for. In addition, UEs are allowed to monitor additional periodicity values by implementation. Hence, in our view, it is not necessary to mandate the monitoring of the periodicity value  unless it is configured for  by the network. We propose the following:
Proposal 2: It is not needed to mandate the monitoring of the periodicity  in periodic-based partial sensing unless the value of  is explicitly configured by the network for. 
Another open issue in periodic-based partial sensing is the configuration signaling for parameter. According to the RAN1-105-e agreement, is set to the most recent sensing occasion (i.e.,) by default. If pre-configured by the network, UE additionally monitors sensing occasions that correspond to a set of pre-configured values. As a working assumption, possible values from the pre-configured set can include the most recent occasion (i.e., ) and the last occasion prior to the most recent occasion (i.e., ). The working assumption is a good approach to allow UE to take an additional sensing measurement in case the UE is unable to sense the most recent occasion. Performing sensing on more than two occasions is unlikely to further reduce the collision risk while increasing power consumption. We propose that the working assumption is confirmed.
Proposal 3: Confirm the following working assumption. 
· 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.

Contiguous partial sensing
Contiguous partial sensing is agreed in the last RAN1 meeting based on performing sensing continuously from ‘’ to ‘’ where  and  can have negative or positive values [2]. Two separate use cases can be considered for contiguous partial sensing. 
· Firstly, a power-limited UE transmitting periodic traffic can use contiguous sensing to detect aperiodic reservations made by other UEs for re-transmission resources in the same pool. In NR Rel-16 sidelink, re-transmission resources for aperiodic traffic can be reserved for the next 32 slots. For example, a UE that performs periodic partial sensing may monitor slots continuously starting from ‘’. The contiguous sensing should continue until the end of the last Y candidate slots. Hence, contiguous sensing can finish at moment ‘’ where  is the slot index of the last candidate slot and  is the processing time. See Figure 2.
· Secondly, a power-limited UE transmitting aperiodic traffic can use contiguous sensing to detect aperiodic reservations for re-transmission resources made by other UEs. Since an aperiodic packet transmission timing cannot be known beforehand, the contiguous sensing can only be triggered after ‘’. See Figure 3.
Both uses cases above should be supported in NR sidelink for power-limited UEs. As the parameter  needs to be defined differently depending on the traffic case, UE can set  to one of the two possible values based on . For example,  can be set to ‘’ when; and  can be set to ‘’ when. The parameter  can be set to  for both cases (where  denotes the last candidate slot index) to provide enough sensing measurements for the ongoing (re)-selection as well as re-revaluation/pre-emption in case of potential collisions. In addition, it should be allowed to perform contiguous sensing on more slots by UE implementation. We propose the following:
Proposal 4: In contiguous partial sensing: 
·  is no later than  when ; or  is no later than  when 
·  is no earlier than  where  is the last Y candidate slot. 
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Figure 2 Contiguous partial sensing when 
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Figure 3 Contiguous partial sensing when 

Detecting periodic reservations when 
Periodic partial sensing is based on identifying a set of Y candidate slots first, and then determining the set of sensing slots according to the selected set of candidates. As the packet transmission timing is known beforehand for periodic traffic, periodic partial sensing is applicable for the case when UE is transmitting periodic traffic. 
Contiguous partial sensing is suitable to detect aperiodic reservations made by other UEs for re-transmission resources. Contiguous sensing can be used in both cases where UE transmits periodic traffic or aperiodic traffic. For aperiodic transmissions, UE can only start the sensing measurements after the resource (re)-selection is triggered at moment  as UE cannot know the arrival time of its own aperiodic traffic. 
In addition UE can also perform periodic and contiguous partial sensing operations simultaneously. However, detection of periodic reservations made by other UEs may be hard to realize when the UE itself is transmitting aperiodic traffic. This is mainly due to the fact that UE cannot know the transmission time of its aperiodic traffic, hence the sensing measurements for periodic partial sensing may not be fully aligned with the candidate resources from the selection window. 
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Figure 4 UE can perform periodic and contiguous sensing simultaneously w.r.t. different  and  moments

As illustrated in Figure 4, aperiodic traffic arrives and triggers resource (re)-selection at  and contiguous sensing at. Let us also consider that a periodic traffic is expected to be transmitted after. Since the set of Y candidate slots are selected according to the timeline set by, the corresponding periodic sensing occasions are also determined according to the moment  by means of selecting a set of Y candidate slots starting with  after. As these two resource selection trigger points and  are not necessarily aligned in time, a periodic reservation made by another UE in the pool may not be overlapping with the periodic sensing measurement occasions. As the time gap between  and  is random (i.e., not an integer multiple of any), the periodic sensing measurements taken with respect to  may not be enough to prevent collisions for UE’s own aperiodic transmission which occurs after. 
To resolve such miss-detection problem with periodic reservations (when), we can consider predefined windowing that are placed periodically for aperiodic traffic transmission. As shown in Figure-5, UE defines a list of periodic window in time for aperiodic packet arrivals, for which resources can be selected from the subsequent set of Z candidate slots. Any aperiodic traffic that arrives at higher layers between [,] can be transmitted on a subset of Z candidate slots in  For example, assume that an aperiodic packet-1 arrives at higher layer at point in time, and another packet-2 arrives at. As these packets become available for transmission during the time internal [], resource selection can be performed in. Another aperiodic packet-3 that becomes available for transmission at time can be transmitted on resources from the subset of candidate slots from. 
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Figure 5 Aperiodic traffic that arrives in [,] is transmitted in  using a subset of Z candidate slots 

In the following analysis, we study the probability of detecting a periodic reservation in a resource pool when a UE is transmitting aperiodic traffic. For simplicity, we assume that UE transmits one aperiodic TB in a resource pool shared by one more UE. This other UE has a single periodic resource reservation with a periodicity of 50ms, 100ms, 200ms, 500ms, or 1sec. We consider packet arrival with uniform distribution for simpler calculation. Analysis results are shown in Table I below. As the reservation periodicity is increased, the approach with predefined windowing achieves 100% detection as the sensing occasions are always aligned with the candidate slots from the selection window. The percentage of slots on which sensing is performed is lower when the other UE’s reservation periodicity () and thus UE’s own sensing periodicity () is increased from 50ms to 1sec. As for contiguous sensing, sensing is performed continuously during the interval  on 30+32=62 slots. Thus, UE can detect periodic reservations with. However, the detection probability is lower for greater  values as UE cannot detect all periodic reservations. Next, we also analyze the case where UE performs periodic sensing along with contiguous sensing. As the periodic partial sensing occasions are determined according to the expected transmission time of another periodic traffic, the alignment between the transmission time of the aperiodic traffic and the periodic partial sensing occasions may not be integer multiples of . In those cases, detection probability cannot be improved. As we assume uniform packet arrival timing in our analysis, the time gap between the periodic and aperiodic traffic transmission times are also uniformly distributed. Hence, the detection probability can only be improved when the said time gap is an integer multiple of. Overall, the use of periodic partial sensing together with contiguous partial sensing is not sufficient to overcome the issue of periodic reservation miss-detection when UE is transmitting aperiodic traffic. 
Table I   Analysis of detection probability for periodic reservation when UE is transmitting aperiodic traffic
	Periodic reservation by another UE
	Predefined windowing
N0 = 200ms
Z = 20 slots
[T1,T2] = [10, 30]
	Contiguous sensing
 = -32 slots
 = 30 slots
[T1,T2] = [10, 30]
	Periodic sensing + Contiguous sensing
 = -32 slots
 = 30 slots
Y = 20 slots
[T1,T2] = [10, 30]

	N = 1
 = 50ms
	Sensing slot rate: 40%
Detection prob.: 100%
	Sensing slot rate: 6.2%
Detection prob.: 100%
	Sensing slot rate: 46.2%
Detection prob.: 100%

	N = 1
 = 100ms
	Sensing slot rate: 20%
Detection prob.: 100%
	Sensing slot rate: 6.2%
Detection prob.: 62%
	Sensing slot rate: 26.2%
Detection prob.: 62.4%

	N = 1
 = 200ms
	Sensing slot rate: 10%
Detection prob.: 100%
	Sensing slot rate: 6.2%
Detection prob.: 31%
	Sensing slot rate: 16.2%
Detection prob.: 31.3%

	N = 1
 = 500ms
	Sensing slot rate: 4%
Detection prob.: 100%
	Sensing slot rate: 6.2%
Detection prob.: 12.4%
	Sensing slot rate: 10.2%
Detection prob.: 12.6%

	N = 1
 = 1sec
	Sensing slot rate: 2%
Detection prob.: 100%
	Sensing slot rate: 6.2%
Detection prob.: 6.2%
	Sensing slot rate: 8.2%
Detection prob.: 6.3%



As discussed above, simultaneous use of periodic and contiguous sensing is not enough to avoid the miss-detection problem with periodic reservations when UE is transmitting aperiodic traffic. Therefore, a better approach (as described in Figure 5) should be adopted to always align the periodic sensing occasions with the candidate set of slots intended for the transmission of aperiodic traffic. We propose the following.
Observation 2: When partial-sensing UE is transmitting aperiodic traffic, detection of periodic reservations requires alignment of trigger point n between periodic-based partial sensing and contiguous partial sensing.
Proposal 5: Adopt predefined windowing with sensing occasions to detect periodic reservations in the pool when UE is transmitting aperiodic traffic. 

Random selection
For the coexistence of UEs with different sensing capabilities including full sensing, partial sensing, and no sensing (random selection) in a shared resource pool, the resource reservation can be prioritized for random selection UEs. Since UEs operating in random selection may not be able to perform re-evaluation or pre-emption (e.g., Type-A or Type-B UEs), the other UEs in the pool that perform full or partial sensing should avoid packet collisions once a resource reservation from a random selection UE is detected. 
We propose the following:
Proposal 6: UEs that perform random selection with no sensing capability should be assigned higher resource reservation priority to minimize collisions in resource pools shared by other UEs with different sensing capabilities.


Resource pool sharing among UEs
In regards to Type-D UE’s configuration to use either partial sensing or random selection, if UE is pre-configured with only partial sensing or only random selection, UE should use the configured method only. However, when UE is pre-configured with both partial sensing and random selection for the same pool, two different approaches can be considered.
In one approach, when UE is pre-configured with both selection methods in a pool, it can be left to UE implementation to choose and apply one of these pre-configured methods. In another approach, UE can be pre-configured with a condition to automatically switch to one of these resource selection methods. For example, a condition can be defined as a threshold based on pool congestion, or a latency/reliability criterion to determine whether UE needs to switch to using partial sensing to mitigate its transmission collisions. Since the support for pool sharing between UEs performing random selection, partial sensing, and full sensing is already agreed in RAN1-103-e meeting, the second approach of conditional switching between different (re)-selection methods (e.g., random selection, partial sensing, full sensing) can be preferable as such dynamic approach can help mitigate collisions. 
Proposal 7: UEs that are capable of performing sensing (i.e., Type-D UEs) can be pre-configured with a condition to dynamically switch between partial sensing and random resource selection. Such condition may depend on sidelink congestion, transmission packet reliability, etc.

SL-DRX and Wake-up signalling
Baseline power saving solutions from Rel-14 LTE sidelink help minimize Tx-UE’s workload on sensing operation as both monitoring SCI for sensing measurements and UE’s sensing computations consume power. Rel-14 LTE sidelink focuses on power saving at TX-UE as the transmission of sidelink BSM messages from the pedestrian VRU UEs to vehicles was an important use case. Rel-17 NR sidelink supports more diverse use cases including VRU, public safety, and some commercial cases (e.g., smart home, smart factory, etc.) where power saving enhancements are needed over Rel-16 NR sidelink design. Power saving solutions should be introduced separately from both TX-UE’s perspective and RX-UE’s perspective. 
Observation 3: Power saving solutions should be studied separately from TX-UE’s perspective and RX-UE’s perspective.
One of the objectives of Rel-17 WI on sidelink enhancements is the introduction of SL-DRX. The motivation for SL-DRX is to make UE fall into the deep sleep by switching off RF frontend for maximized power saving when there is no traffic for a while. Power consumption at RX-UE is dominated by SCI monitoring and by the decoding of the received packets. Rel-16 NR sidelink design requires UE to monitor every sidelink slot in a resource pool. SL-DRX helps RX-UE to enter into a sleep state during which no SCI monitoring may be needed. Going into longer sleep durations may firther help minimize power consumption especially at low traffic scenarios where frequent SCI monitoring is not needed. However, such long sleep states may also cause the loss of incoming packets. Packet losses would cause disruptions to both system reliability and increase sidelink congestion as the lost packets may need to be re-transmitted in the system. Therefore, further enhancements should be considered for power saving from RX-UE’s perspective to improve UE power effiency without impacting sidelink system reliability/latency.

To further reduce power consumption, the concept of wake-up signal in Uu may be considered in SL. For example, if a TX UE has packet to transmit, the TX UE sends a wake-up signal before the start of SL on duration of the RX UE. If the RX UE receives the wake-up signal, RX UE should monitor PSCCH during the SL on duration. Otherwise, RX UE can skip PSCCH monitoring during SL on duration of this SL DRX cycle.
Although wake-up signal requires additional signaling overhead and configuration, the power saving gain of the Rx UE may be significant when packet arrival rate is low or when on duration is relatively long comparing to SL DRX cycle. For example, consider a power-limited UE with high-reliability/low-latency traffic performing aperiodic packet reception. It would not be desirable to configure such a UE with a long DRX cycle and short on duration as system performance would be adversely impacted. On the other hand, configuring a short SL-DRX cycle with long SL-DRX-on-time duration would severely reduce power saving gains. 
Proposal 8: Study wake-up signal in sidelink to enhance power saving from Rx-UE’s perspective.

Conclusions
We have the following observations:
Observation 1: Rel-16 NR allows aperiodic reservations in all sidelink resource pools.
Observation 2: When partial-sensing UE is transmitting aperiodic traffic, detection of periodic reservations requires alignment of trigger point n between periodic-based partial sensing and contiguous partial sensing.
Observation 3: Power saving solutions should be studied separately from TX-UE’s perspective and RX-UE’s perspective.
We have the following proposals:

Proposal 1: UEs performing periodic partial sensing are also expected to perform contiguous sensing simultaneously to detect aperiodic reservations made by other UEs in the pool.
Proposal 2: It is not needed to mandate the monitoring of the periodicity  in periodic-based partial sensing unless the value of  is explicitly configured by the network for. 
Proposal 3: Confirm the following working assumption. 
· 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.
Proposal 4: In contiguous partial sensing: 
·  is no later than  when ; or  is no later than  when 
·  is no earlier than  where  is the last Y candidate slot. 
[bookmark: _GoBack]Proposal 5: Adopt predefined windowing with sensing occasions to detect periodic reservations in the pool when UE is transmitting aperiodic traffic. 
Proposal 6: UEs that perform random selection with no sensing capability should be assigned higher resource reservation priority to minimize collisions in resource pools shared by other UEs with different sensing capabilities.
Proposal 7: UEs that are capable of performing sensing (i.e., Type-D UEs) can be pre-configured with a condition to dynamically switch between partial sensing and random resource selection. Such condition may depend on sidelink congestion, transmission packet reliability, etc. 
Proposal 8: Study wake-up signal in sidelink to enhance power saving from Rx-UE’s perspective.
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