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Introduction
In RAN1 103-e [1], the following agreements were made in sidelink power saving:
	Conclusion
· SL reception Type A and Type D should be used as the reference for evaluation and designing of SL power saving features in R17. 
· Type A: UE is not capable of performing reception of any SL signals and channels, FFS with exception of performing PSFCH and S-SSB reception (aim to conclude in RAN1#104-e)
· Type D: UE is capable of performing reception of all SL signals and channels defined in R16. It does not preclude UE to perform reception of a subset of SL signals/channels
· If there are evaluations with assumptions other than the above reference, the detailed assumptions need to be reported
· Note: the types and the associated capability defined here are not intended to be defined as Rel-17 UE features as is. 
Agreements:
· 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

Agreements:
· 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.

Agreements:
· Re-evaluation and pre-emption checking are not supported by UEs that do not perform any sensing (i.e. PSCCH reception)
· Re-evaluation and pre-emption checking are supported by UEs that perform sensing
· FFS details and any conditions(s) in which re-evaluation and pre-emption can be performed
· FFS whether/how re-evaluation and pre-emption can be supported by UEs performing random resource selection that do perform sensing
· Note: details about sensing in this context, including when it is performed, are not decided yet.

Agreements:
· 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 this contribution we talk about sidelink power saving techniques. We discuss power saving for transmitting-UEs (TX-UE) and receiving-UEs (RX-UE). For TX-UEs, we discuss partial sensing and random resource selection design based on LTE design with necessary enhancements for NR. For RX-UE power saving, we discuss sidelink-DRX, sidelink full synchronization search procedure, and sidelink wake-up signal. 
Discussion
For reference purposes only, sidelink reception capabilities Type A and Type D were discussed in RAN1-103-e for evaluation and designing of SL power saving features in Rel-17. Regarding the Type-A UE reception capability, whether the reception of S-SSB and/or PSFCH was left for further discussion. In our view, it is important to include the reception of both S-SSB and PSFCH for both Rx capability types. Both channels and necessary for NR sidelink to function properly and reliably. Out-of-coverage UE may require the reception of S-SSB. Also, reception of PFSCH can help improve reliability and minimize power consumption by reducing the number of re-transmissions. 
We propose the following: 
Proposal 1: UEs that do not perform sensing (i.e., Type-A) should have the ability to receive S-SSB and PSFCH for evaluation and design purposes.
In addition, UEs that can perform sensing (i.e., Type-D) are considered to be capable of performing partial sensing or random resource selection. Random selection should not require UE to perform any sensing operation. Hence, Type-D UEs that are operating in random selection should not be expected to perform re-evaluation or pre-emption check. 
Proposal 2: When UE that is capable of performing sensing (i.e., Type-D) perform random resource selection, UE is not expected to perform re-evaluation or pre-emption check. 
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 in a same pool, two different approaches can be considered.
In one approach, when pre-configured with both selection methods in a same pool, it can be left to UE to choose and apply one of these pre-configured methods only. In another approach, UE can be pre-configured with a condition to automatically choose one of these resource selection methods. A condition can be a threshold for pool congestion, or a latency/reliability criterion to determine whether UE needs to switch to using partial sensing to minimize transmission collisions. Since the support for the coexistence of random selection UEs, partial sensing UEs, and full sensing UEs in the same pool was agreed in the last RAN1-103-e meeting, the second approach of conditionally switching between different (re)-selection methods (e.g., random selection, partial sensing, full sensing) can be preferred as such dynamic approach can help reduce collisions. 
Proposal 3: UEs that are capable of performing sensing (i.e., Type-D) 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.
For the coexistence of UEs performing full sensing, partial sensing, and random selection in the same 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, the other UEs in the pool that perform full or partial sensing should avoid resource collisions after detecting a resource reservation from a random selection UE. 
We propose the following:
Proposal 4: UEs that perform random selection can be assigned higher resource reservation priority to minimize collisions in a resource pool shared by full sensing, partial sensing, and random selection UEs.

Generally speaking, the baseline power saving solutions from Rel-14 LTE sidelink help minimize the UE’s workload on the sensing operation at the TX-UE as both monitoring SCI for sensing measurements as well as 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 studied separately from TX-UE’s perspective and RX-UE’s perspective. 
Observation 1: Power saving solutions should be studied separately from TX-UE’s perspective and RX-UE’s perspective.
Power consumption at TX-UE is dominated by the sensing operation and the actual transmission of the packets. In regards to sensing operation, 1st SCI monitoring, RSRP measurements, and sensing computations are the main factors that increase power consumption. In regards to power consumption due to packet transmission, the number of blind and HARQ re-transmission has an impact on the consumption. Specifically, performing sensing on a restricted set of slots/resources can lower power consumption. However, such partial sensing may also increase packet collision risks. More collisions will either impact reliability, or more re-transmissions will be needed. Sending more re-transmissions will also cause higher power consumption for TX-UE. Therefore, unnecessary re-transmissions should be avoided by improving transmission reliability and by minimizing packet collisions in sidelink. Therefore, Rel-14 LTE based partial sensing and random resource selection methods should be introduced with necessary enhancements to maintain high transmission reliability.
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. Introduction of SL-DRX will help RX-UE enter into short or longer sleep states during which no SCI monitoring may be required. Going into long sleep duration helps minimize power consumption due to SCI monitoring at low traffic. However, such long sleep states may also cause the loss of incoming packets. Such packet loss would cause disruptions to both system reliability and higher sidelink congestion as the lost packets may need to be re-transmitted in the system. Hence, further enhancements should be considered for power saving at RX-UE to improve UE power effiency without impacting sidelink reliability/latency KPIs.
Partial Sensing Design
Partial sensing in LTE V2X is based on monitoring a subset of subframes within the full sensing sliding window, wherein the minimum number of monitored subframes is configured by minNumCandidateSF while the selection of the subframes is up to UE implementation. Then, the sequence of bits indicated in the higher layer parameter gapCandidateSensing determines the candidate resources based on the time position of the subframes where sensing is performed. 
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Figure 1 LTE partial sensing monitors a subset of subframes for sensing

LTE partial sensing approach works well with periodic sidelink traffic. Since NR sidelink supports both periodic and aperiodic traffic, the resource (re)-selection process of a VRU UE with periodic traffic should perform partial sensing in such a way that both aperiodic and periodic resource reservations by other sidelink users can be detected. 

A dual-period partial sensing approach can be considered for NR sidelink (see Figure 2). Similar LTE partial sensing design can be followed to detect periodic traffic based on monitoring a subset of slots within the sensing window periodically. As Rel-16 NR sidelink also supports periodic reservations with {1-99ms} periodicities, the periodicity of the monitored slots (P1) should be configurable. In addition, partial sensing should also be performed in the last 32 slots before resource re-(selection) is triggered as Rel-16 SCI can reserve resources up to 32 slots. See Figure 2.
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Figure 2 Dual-period partial sensing
Partial sensing approach increases UE’s power efficiency at the expense of higher collision risks. As more frequent packet collisions may require more HARQ (re)-transmissions, such negative impact on power consumption and system performance can be minimized by supporting Rel-16 re-evaluation and pre-emption methods for UEs operating with partial sensing. If necessary, some simplifications can be considered to Rel-16 re-evaluation and pre-emption UE procedures when partial sensing is used.
We propose the following: 
Proposal 5: Support dual-period partial sensing to detect periodic and aperiodic traffic from other sidelink users.

Furthermore, UEs preforming partial sensing may also need to transmit aperiodic traffic. In addition to dual-period partial sensing, UE may be required to perform sensing after a new aperiodic packet arrives. Such sensing operation can triggered from higher layer with the arrival of an aperiodic packet. For instance, the resource (re)-selection trigger can request UE to perform further sensing if necessary, depending on the partial sensing periodicity configuration. Such post (re)-selection trigger based sensing operation can improve resource selection for aperiodic traffic when UE is configured with partial sensing. 
Proposal 6: Consider performing post-trigger sensing operation after resource (re)-selection trigger from MAC to support the transmission of aperiodic traffic for UEs performing partial sensing.

Power saving for RX-UEs
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. However, different than Uu with the synced network and/or the dense period for PSS/SSS transmission, SL has to perform full-time SL sync search for SSB transmitted every 160ms according to Rel-16 specifications due to the potential un-synced syncRefs, e.g., self-promoted syncRef UEs are unlikely to be synced with the SyncRef sources especially in a tunnel or underground scenario. Therefore, SL DRX UE is likely to perform the full-time sync search with no chance to switch off RF completely, i.e., no chance to fall into the deep sleep. The full-time SL sync search with no chance of deep sleep will significantly reduce the power saving gain from SL DRX.
Observation 2: The full-time SL sync search with no chance of deep sleep will significantly reduce the power saving gain from SL DRX.
Proposal 7: The full-time SL sync search should be avoided during SL DRX operation for power saving.
To address such issue, we provide two potential solutions for detailed discussion below:
· SL sync search optimization (see section 4.1)
· Wake-up signal for SL DRX (see section 4.2)
SL sync search optimization
In TS38.331, the full-time SL sync search requirement is defined as follows:
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The UE shall:
1>	if the frequency used for NR sidelink communication is included in sl-FreqInfoToAddModList …
1>	else if the frequency used for NR sidelink communication is included in sl-FreqInfoToAddModList …
1>	else if the frequency used for NR sidelink communication is included in PreconfigurationNR, …
1>	else:
2>	perform a full search (i.e. covering all subframes and all possible SLSSIDs) to detect candidate SLSS, in accordance with TS 38.133 [14]



However, for the UE with the syncRef from GNSS/BS or P1/P2/P3/P4 groups UEs (i.e., non-P6 group UEs including self-promoted syncRef UE), the UE can just search the additional SL SSBs with +/- 1 symbol of the current SSB timing. So it implies that UE only need to search at most 2 slots every 160ms SSB period (vs. full-time) because these candidate SyncRef UEs (with the higher priority than current SyncRef) are almost synced with the minor timing difference due to timing error (~12Ts) propagation. 
For the UE with syncRef from P6 group UEs including self-promoted UE, they have to perform full-time sync search. In this case, wake-up signal based SL synchronization could be a good choice (see section 4.2).

Wake-up signal for SL DRX
As stated in R17 WI for sidelink enhancements, introduction of new solutions to reduce power consumption is not precluded. The baseline solutions from LTE (i.e., partial sensing and random resource selection) are useful to reduce power consumption at TX UE as only the transmitting-UE is required to perform sensing in R14 LTE and R16 NR. Power consumption reduction methods in R14 LTE were focused on only TX UE as the transmission of BSM messages by pedestrian VRU UEs were prioritized. However, introduction of additional use cases in R17 NR (including VRU, public safety, commercial cases such as smart home, smart factory, etc.) necessitates power consumption reduction for both TX UE and RX UE. Therefore, new power saving solutions should be considered for RX UE in R17 NR sidelink in addition to SL-DRX. 
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.
Especially, as discussed above, for the UE with syncRef from P6 group UEs (especially self-promoted SyncRef UEs), the UE has to perform the full time SL search to find the potential high priority syncRef which may not be synced with the current P6 SyncRef UEs. To address such power consumption, WUS originally used for power saving of DRX_On duration can also be applied as the syncRef. In the other words, UE can utilize the periodic WUS (similar to NR-uu WUS in Rel’16) to perform the SL synchronization.
Although wake-up signal requires additional signalling 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 is not desirable to configure such a UE with a long DRX cycle and short on duration to maintain reliability/latency KPIs. However, setting a long DRX on duration would also mitigate power efficiency. Use of a wake up signal can help reduce power consumption without impacting service reliability and avoiding full-time SL search especially for P6 group UEs. In view of this, we think wake-up signalling can be useful in the following scenarios:
· Example 1: P6 group UEs to avoid full-time SL sync search in addition to power saving for DRX_On.
· Example 2: For power-limited RX UE - such as the wearable devices or sensors.  
· Example 3: For a RX UE with sparse but latency-sensitive traffic
· Example 4: For a TX UE with multiple RX UE
· If a TX UE has multiple RX UE, the SL on duration of the TX UE may be configured long.
· Example 4-1: the TX UE is the relay UE, and the RX UEs is the remote UEs
· Example 4-2: the TX UE is the group lead, and the RX UEs is the group members
In the following we study an analysis on potential power saving gains for RX-UE based on different alternative solutions.

Analysis of the performance for solutions with SL DRX
We provide an analysis for potential power saving gain based on the following alternative solutions:
· Baseline: without any SL-DRX. 
· PS1: SL-DRX is applied with DRX_On=20ms @ Periodicity=100ms
· PS2: DRX + WUS. UE only needs to monitor 1 slot for whether to wake on DRX_ON. SL sync is still based on SSB.
· PS3: DRX + SYNC_DRXOn. SL Sync is limited to +/- 1symbol of the current SSB timing for non-P6 UEs whereas UE has to wakeup for PSCCH monitoring during DRX_On.
· PS4: DRX + SYNC_WUS. SL Sync and wakeup during DRX_On are both based on WUS channel.
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Figure 3 Significant power saving gains can be achieved by optimizing SL sync process
In the evaluation, the deep sleep is assumed during DRX_OFF even though it is not reasonable. However, it can be observed that the power saving gain is not much compared to PS3/PS4 because UE still has to monitor SSB all the time which contribute a lot for the power consumption.
Even if WUS is used for power saving during DRX_On but not addressing SL sync issue, the power gain is still limited depending on the DRX_On duration compared to PS3/PS4.
For PS3, the power saving by avoiding the full time SL sync is significant, which is feasible for non-P6 UEs.
For PS4, WUS used for both wakeup purpose and SL synchronization can further reduce the power consumption, especially useful for P6 UEs.
Observation 3: Significant power saving gains can be achieved by optimizing SL synchronization for non-P6-group UEs and by introducing wake-up signaling for P6-group UEs.
Proposal 8: Consider supporting wake-up signaling in sidelink to improve power saving for users including those with syncRef from P6 group UEs.
Conclusions
We have the following observations:
Observation 1: Power saving solutions should be studied separately from TX-UE’s perspective and RX-UE’s perspective.
Observation 2: The full-time SL sync search with no chance of deep sleep will significantly reduce the power saving gain from SL DRX.
Observation 3: Significant power saving gains can be achieved by optimizing SL synchronization for non-P6-group UEs and by introducing wake-up signaling for P6-group UEs.
We have the following proposals:

Proposal 1: UEs that do not perform sensing (i.e., Type-A) should have the ability to receive S-SSB and PSFCH for evaluation and design purposes.
Proposal 2: When UE that is capable of performing sensing (i.e., Type-D) perform random resource selection, UE is not expected to perform re-evaluation or pre-emption check. 
Proposal 3: UEs that are capable of performing sensing (i.e., Type-D) 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 4: UEs that perform random selection can be assigned higher resource reservation priority to minimize collisions in a resource pool shared by full sensing, partial sensing, and random selection UEs.
Proposal 5: Support dual-period partial sensing to detect periodic and aperiodic traffic from other sidelink users.
Proposal 6: Consider performing post-trigger sensing operation after resource (re)-selection trigger from MAC to support the transmission of aperiodic traffic for UEs performing partial sensing.
Proposal 7: The full-time SL sync search should be avoided during SL DRX operation for power saving.
Proposal 8: Consider supporting wake-up signaling in sidelink to improve power saving for users including those with syncRef from P6 group UEs.
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