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Introduction
The RAN WG approved study item on NR Sidelink Enhancements [1]. The study item 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. Our views on other sidelink enhancement objectives are provided in companion contributions [2]-[3].
Sidelink Power Saving
Features Beneficial for Sidelink Power Saving 
In this section, we provide the general list of features that can be useful for UE sidelink power saving and provide more details in the subsequent sections.
· Random or partial sensing based sidelink resource selection (baseline features)
· Sidelink bandwidth adaptation (switching b/w narrowband and wideband sidelink communication)
· Sidelink slot adaptation (switching b/w monitoring all logical slot and subset of logical slots)
· Sidelink wake up / go to sleep signaling concepts
· Reduced number of blind PSCCH decoding attempts
· Reduced number of PSSCH demodulations / decoding attempts
· TX/RX antenna / chain adaptation
· TX power reduction
· Sidelink synchronization enhancements

Baseline Features for Sidelink Power Saving
According to the WID 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” discussed in the subsections below.

Random Resource Selection
Random resource selection can provide substantial UE power saving benefits especially if UE is not expected to monitor sidelink carrier all the time. The gain in power saving comes at the expense of PRR loss. However, if UE is not interested in sidelink reception or interested to monitor sidelink transmissions only from subset of UEs, the benefit of random resource selection in terms of power saving may easily outweigh the degradation in PRR. In addition, the random resource selection is the only option that can be used by UEs that do not support sidelink reception.
Considering power consumption vs performance tradeoffs and various sidelink applications (from mission-critical to best effort), we believe NR should support flexible design options when random resource selection can be enabled or disabled. Below, we formulate basic principles for support of sidelink random resource selection that can be applied in NR:


Random resource selection is enabled / disabled per sidelink resource pool or BWP
Random resource selection is done within resource selection window so that resource reservation principle in terms of SCI signaling is preserved (i.e. maximum distance in logical slots between any two out of NSCI_MAX SCI transmissions associated with the same TB is less than 32)
Random resource selection can be enabled or disabled for different sidelink transmission priority levels (latency) or power saving states

Partial Sensing for Resource Selection
Partial sensing design principle provides trade-off between UE power consumption and PRR performance. The basic principle behind partial sensing is to sense (pre)-defined/(pre)-configured number of sidelink resources before actual transmission of a TB in a resource pool.
Considerations on resource pools w/ disabled semi-persistent reservations
In resource pools where semi-persistent reservations are disabled, in order to acquire complete/full information about ongoing sidelink transmissions, the maximum sensing window duration may be limited by the min of {SCI signaling window duration, sensing window duration}. The physical duration of SCI signaling window TP-SCI is dependent on resource pool configuration. The logical size of SCI signaling window TL-SCI is always equal to 32 logical slots. The sensing window duration is configurable. Its minimum settings are either 100ms or  slots, which is subject to configuration provided higher layer signaling. Considering that minimum resource selection window (T2min) is (pre-)configured per priority indicated in SCI from the following set of values: {1, 5, 10, 20}*2µ, where µ = 0,1,2,3 for SCS 15, 30, 60, 120 respectively, the minimum duration of partial sensing window TPSW can be also pre-configurable per sidelink priority indicated in SCI, including zero values when UE is allowed to do random resource selection for certain sidelink transmission priority levels.

Considerations on resource pools w/ enabled semipersistent reservations
In case of semi-persistent transmissions, in resource pools where semi-persistent resource reservations are enabled with maximum value of configured period TMAX, the UE may need to start partial sensing earlier in order to collect information about sidelink transmissions with periods ≤ TMAX. The set of periods for which partial sensing should be executed can be (pre)-configured together with partial sensing windows durations. Alternatively, partial sensing windows duration can be set to either SCI signaling window durations or resource selection window duration.
For non-semipersistent (dynamic) sidelink transmissions, the same partial sensing behavior as described for the case of disabled semi-persistent reservations can be reused.


UE starts partial sensing when it gets trigger for resource selection from higher layers when there is a need to select resource for new packet transmission
UE is expected to continuously sense sidelink resources until the last (re)-transmission of a TB in TX buffer is completed (i.e. follow R16 procedure for sensing and resource selection)
UE is expected to stop partial sensing after transmission of the last TB in TX buffer when timer/counter condition is met
Minimum partial sensing window duration TPS-MIN can be pre-configured per sidelink priority indicated in SCI, including zero values when UE can do random resource selection for a given priority
In case of semi-persistent reservations, the set of periods for which partial sensing should be executed before resource reselection is (pre)-configured together with partial sensing window durations
Pre-configuration is provided per sidelink transmission priority level

Additional Enhancements for Sidelink Power Saving
In this section, we discuss additional sidelink enhancements that can benefit UE power saving. In our view, it is beneficial to introduce the notion of sidelink power saving states / modes and associate with these states / modes certain set of sidelink power saving features developed in Rel.17.


Define sidelink power saving modes (or states) and associate those with as set of power saving features developed in Rel.17 

In the next subsections, we discuss potential Rel.17 features beneficial for UE sidelink power saving.

Sidelink Bandwidth / Slot Adaptation
For the sake of power saving, UE 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. 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.
In order to save power, UEs can adapt monitored sidelink bandwidth and/or time interval (slots) for sidelink transmission and reception. 



Figure 1: Example of sidelink bandwidth adaptation


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

Sidelink Wake Up / Go to Sleep Signals/Triggers (S-WUS/S-GTS)
Power saving on sidelink can benefit from introduction of sidelink wake up signal (WUS), go-to-sleep (GTS), keep awake or keep sleep type of signals / triggers that may control amount of resources processed by UE for sidelink communication, i.e. reception and/or sidelink transmission as well as switching from full to partial sensing and vice versa.
For instance, by default UEs can operate in certain power saving state and monitor only small part of sidelink resources. Reception of wake up signal can switch UE to another state, increase amount of processed sidelink resources (in frequency and time) in case of traffic demands and disable certain set of power saving features. The reception of go-to-sleep signal can lead to opposite behavior (i.e. decrease amount of processed resources and activation of certain power saving features).
The signal can be especially beneficial in case of unicast and groupcast communication to facilitate management of power saving states within unicast pair or group of UEs.



Figure 1: Sidelink Wake Up Signal

In general, the discussed in this section sidelink wake up and go-to-sleep signals may come directly from PC5 (i.e. from another UE) or Uu air-interface (i.e. from gNB).


Support introduction of wake up / go to sleep indication on sidelink (or keep sleep / keep awake indication) signals/triggers for UE power saving management 

Reduced Number of Blind PSCCH Decoding Attempts
Depending on UE battery level, UE may transition among multiple power saving states associated with different power saving features. In some of the power saving states, UE may be allowed to utilize reduced number of PSCCH blind decoding attempts, i.e. less than indicated by UE capability in terms of PSCCH decoding budget.
The reduced amount of PSCCH decoding attempts can be implemented based on one of the following options:
Option 1. Pre-configuration of reduced PSCCH search space (e.g. PSCCH resource configuration in every N-th sub-channel or slot)
Option 2. Determination of PSCCH search space of pre-configured size by UE (i.e. every slot UE can determine resources where to perform PSCCH decoding attempts)


RAN1 to discuss and select mechanisms to reduce number of PSCCH blind decoding attempts for the purpose of power saving
Option 1. Pre-configuration of reduced PSCCH search space
Option 2. Determination of PSCCH search space of pre-configured size by UE(s)

Reduced Number of PSSCH Demodulations / Decoding Attempts
The following options may be considered to reduce amount of PSSCH demodulations / decoding attempts:
Option 1. Do not demodulate/decode broadcast PSSCH transmissions (e.g. prioritize demodulation/decoding of unicast/group transmissions)
Option 2. Do not demodulate/decode PSSCH transmissions with pre-configured priority levels (e.g. prioritize demodulation and decoding of higher priority transmissions
Option 3. Do not demodulate/decode PSSCH transmissions out of certain RSRP, SINR, or distance range
In case of frequent broadcast transmissions, the UE power consumption may be dominated by RX processing of broadcast packets negatively affecting UE power consumption. Power saving considerations may be used to skip demodulation of broadcast transmissions and switch to demodulation of unicast or groupcast messages only. Same principle can be applied to messages with low priority and/or messages coming from transmitters outside of pre-configured range.
In addition, it may be considered to introduce some mechanisms from TX UE perspective. For instance, TX UE may also drop transmissions with pre-defined priority level(s) or cast type(s) for the purpose of power saving. The specific set of actions for each UE power saving state can be pre-configured to UE.


RAN1 to enable mechanisms to reduce number of PSSCH demodulation/decoding for the purpose of UE power saving
e.g. skip of demodulations/decoding of transmissions of certain cast types, priority levels, RSRP or distance ranges
RAN1 to enable mechanisms to reduce number of PSSCH transmission for the purpose of UE power saving
e.g. drop of PSSCH transmissions of certain cast types or priority levels

The support of such mechanism may require interaction with upper layers, so that higher layer protocols are aware about UE behaviour in terms of transmission/reception for each power saving state and can avoid generating traffic with certain attributes (i.e. priority or cast types) or discontinue/pause certain upper layer procedures.

Observation 1
UE power saving state can be shared with higher layers to further optimize UE power consumption through cross-layer optimizations

Adaptation of Number of TX/RX Antenna or Chains for SL Processing
UE equipped with multiple TX/RX chains may decide to adapt number of TX/RX antennas or RF/BB chains for the purpose of power saving. In general, the behaviour to adapt number of TX/RX antennas or RF/BB chains can be left up to UE implementation. From specification perspective, it may be considered to pre-configure minimum number of TX/RX antennas for each of UE power saving states if those are introduced. This can help to properly test UE implementation for each sidelink power state. Another aspect, is that UE capable of rank-2 sidelink reception, may not support it when enter certain power saving state and needs to make aware target TX about this change. It needs to be further discussed if specification changes are needed to support such signaling.


Adaptation of number of TX/RX antennas / chains for the sake of sidelink power saving is supported
FFS impact on specification 

TX Power
Pre-configuration of maximum TX power for each UE power saving state and priority level is an additional mechanism that can save UE power. In case if congestion control is supported UE is expected to transmit at power that does not exceed the min {TX power determined by congestion control, TX power determined by power saving state}.


UE is pre-configured by higher layers with max TX power determined by power saving state and TX priority
In case of congestion control, UE TX power is not expected to exceed the 
min {TX power determined by congestion control, TX power determined by power saving state}

Sidelink Synchronization Enhancements
UE in certain power saving states may be allowed by configuration to skip SLSS transmission (i.e. do not serve as a sync source), use the most power efficient sync source for sidelink synchronization, e.g. select b/w SLSS and gNB, GNSS and stop the SLSS scanning process.
For wearable type of applications, UE can stick to another companion/master UE as a sidelink synchronization source so that all sidelink sync functions are performed by companion/master UE and wearable UE gets sync from master UE. In addition, wearable type of UE may benefit from the support of reduced number of sidelink synchronization sources (e.g. SLLS and gNB only).
The discussed above sync enhancements also beneficial for UE power saving KPI.


RAN1 to discuss sidelink synchronization enhancements to facilitate UE power saving

Considerations on Sidelink Feedback
For certain UE sidelink power saving states, UE sidelink feedback can be disabled including sidelink HARQ, CSI, RSRP reporting over PC5 or over Uu air-interfaces. UE entering to the power saving state is expected to indicate and inform other UEs about power saving state ID or that it is not expected to provide sidelink HARQ feedback, de and report CSI information and/or RSRP measurements due to power saving. UE is expected to indicate its power saving state ID which can be associated with a set of different power saving features supported by UE and thus inform other UEs on the set of active power saving features.


Capability of UE to provide sidelink feedback information over Uu or PC5 interfaces (e.g. HARQ feedback, CSI report and/or RSRP measurements) is associated with UE power saving state(s) (or state IDs) (i.e. configured per UE power saving state)
UE indicates its power saving state to other UEs and to serving gNB

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 enabled / disabled per sidelink resource pool or BWP
[bookmark: _GoBack]Random resource selection is done within resource selection window so that resource reservation principle in terms of SCI signaling is preserved (i.e. maximum distance in logical slots between any two out of NSCI_MAX SCI transmissions associated with the same TB is less than 32)
Random resource selection can be enabled or disabled for different sidelink transmission priority levels (latency) or power saving states
Proposal 2: 
UE starts partial sensing when it gets trigger for resource selection from higher layers when there is a need to select resource for new packet transmission
UE is expected to continuously sense sidelink resources until the last (re)-transmission of a TB in TX buffer is completed (i.e. follow R16 procedure for sensing and resource selection)
UE is expected to stop partial sensing after transmission of the last TB in TX buffer when timer/counter condition is met
Minimum partial sensing window duration TPS-MIN can be pre-configured per sidelink priority indicated in SCI, including zero values when UE can do random resource selection for a given priority
In case of semi-persistent reservations, the set of periods for which partial sensing should be executed before resource reselection is (pre)-configured together with partial sensing window durations
Pre-configuration is provided per sidelink transmission priority level
Proposal 3: 
Define sidelink power saving modes (or states) and associate those with as set of power saving features developed in Rel.17 
Proposal 4: 
Sidelink bandwidth / slot adaptation for transmission / reception is supported as a power saving feature 
Proposal 5: 
Support introduction of wake up / go to sleep indication on sidelink (or keep sleep / keep awake indication) signals/triggers for UE power saving management 
Proposal 6: 
RAN1 to discuss and select mechanisms to reduce number of PSCCH blind decoding attempts for the purpose of power saving
Option 1. Pre-configuration of reduced PSCCH search space
Option 2. Determination of PSCCH search space of pre-configured size by UE(s)
Proposal 7: 
RAN1 to enable mechanisms to reduce number of PSSCH demodulation/decoding for the purpose of UE power saving
e.g. skip of demodulations/decoding of transmissions of certain cast types, priority levels, RSRP or distance ranges
RAN1 to enable mechanisms to reduce number of PSSCH transmission for the purpose of UE power saving
e.g. drop of PSSCH transmissions of certain cast types or priority levels
Proposal 8: 
Adaptation of number of TX/RX antennas / chains for the sake of sidelink power saving is supported
FFS impact on specification 
Proposal 9: 
UE is pre-configured by higher layers with max TX power determined by power saving state and TX priority
In case of congestion control, UE TX power is not expected to exceed the 
min {TX power determined by congestion control, TX power determined by power saving state}
Proposal 10: 
RAN1 to discuss sidelink synchronization enhancements to facilitate UE power saving
Proposal 11: 
Capability of UE to provide sidelink feedback information over Uu or PC5 interfaces (e.g. HARQ feedback, CSI report and/or RSRP measurements) is associated with UE power saving state(s) (or state IDs) (i.e. configured per UE power saving state)
UE indicates its power saving state to other UEs and to serving gNB
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