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Introduction
This contribution discusses power saving considerations for sidelink resource allocation on following aspects: 
· DRX Aspects
· UE Reception Type
· UE Power Consumption Model 
· Resource Sensing and Selection 
· Collision Avoidance & Traffic Reduction

Discussion
DRX Aspects
During last meetings, the relationship between sensing and DRX was discussed. We see there were different views that a UE during inactive time should always perform sensing, no sensing allowed and up to UE implementation for sidelink. In our view, it may come from different understanding of the DRX active and inactive time of Uu. 
	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



For SL UE with SL DRX configuration, the discussion in last RAN1#105-e meeting was focusing whether sensing is allowed and how it is performed if (part of) the sensing window is allocated within the DRX inactive time. In Uu DRX, some timers (inactivity, retransmission) were used to extend the DRX active time. Therefore, we think the SL DRX active time is similarly consisting of the semi-static active time (configured by higher layers) and also the extended active time (if configured). 
[bookmark: _Toc78991327]Proposal 1: The SL DRX active time is consisting of the semi-static active time and extended active time similar to Uu active time. 

For power saving considerations, if SL DRX is configured to a UE, we are in the opinion that no SL operation should be mandated outside the active time. If some SL operation (transmission, reception, sensing, etc.) is allocated within DRX semi-static inactive time, the UE should be adopted with some wake-up mechanism to extend the active time, or up to the implementation.
[bookmark: _Toc78991328]Proposal 2: No SL operation should be mandated outside the DRX active time for power saving consideration
[bookmark: _Toc78991329]Proposal 3: For SL operation allocated within DRX semi-static inactive time, a SL UE is mandated to extend its DRX active time or up to UE implementation

For the extension of DRX active time for sensing purpose, it would be very liked happened when a SL transmission triggering slot is near to the beginning of semi-static active time thus sensing window is overlapped with semi-static inactive time. Therefore, it would be a backward extension to the corresponding semi-static active time. The backward extension could be same size as the sensing window, truncated or extended by a fixed value (e.g., 32 slots). 
[bookmark: _Toc78991330]Proposal 4: A SL DRX semi-static active time could be backward extended for sensing purpose when a SL transmission triggering slot is near to the beginning of semi-static active time. The extension could be same size as the sensing window, truncated or extended by a fixed value

Similar to Uu DRX, a semi-static active time could also be forward extended in order for a SL UE to complete its transmission, reception, decoding, etc. The extension of SL DRX semi-static active time, no matter forward or backward, could be triggered by previous SL or DL signalling or by higher layer.  
[bookmark: _Toc78991331]Proposal 5: A SL DRX semi-static active time could be forward extended for a SL UE to complete its transmission, reception, decoding, etc
[bookmark: _Toc78991332]Proposal 6: The extension of SL DRX semi-static active time could be triggered by previous SL or DL signalling 

The Uu DRX features with LTE and NR have been specified. For sidelink UEs without Uu links, there would be no other choice than the sidelink DRX would be (pre)configured by regulator or sidelink operators. However, for sidelink UEs with Uu connection, it is not clear whether the sidelink DRX feature should be controlled by gNB. 
If the sidelink DRX is controlled by gNB using Uu DRX operation, a dummy PDCCH and/or using drx-inactivity-timer would be required on Uu links to wake-up the UE for sidelink operations. It can be very complex as the Uu scheduler at gNB needs to know SL resource pool status, and the dummy PDCCH is redundant especially when sidelink is operated in shared frequency without involving the operators. 
Therefore, in order to have some predictable UE behaviour, we think the sidelink DRX should be specified independently from Uu operation. For out of coverage, the UE would follow only such (pre-)configuration for wake-up. For UE in coverage or partial coverage, in addition to the (pre-)configuration, UE would further wake-up based on the additional Uu DRX operation. A sidelink UE's actual "off" is when both Uu and sidelink operations are "off" period. The ideal (pre)configuration from power saving is Uu DRX operation and SL DRX operation are aligned as much as possible. 
[bookmark: _Toc71550112][bookmark: _Toc78991333]Proposal 7: Uu DRX function is independent indication from sidelink sensing/resource allocation timing. On the other hand, a sidelink UE's actual "off" is when both Uu and sidelink operation (sensing/resource allocation timing and SL transmission) are “off”

The ideal operation from power saving is Uu DRX operation and SL DRX operation are aligned as much as possible. For Uu DRX to be aligned based on sidelink activity/configuration, some mechanism to inform it to gNB is required as gNB may not know sidelink configuration. The gNB would request the sidelink UEs to SL DRX from the SL UEs to ensure certain power saving gain (could for either mode 1 or 2). Rel.16 specs (specifically, TS38.331 section 5.7.4) already supports for the UE to inform the network of its preference on DRX parameters for power saving. The sidelink UE can take sidelink information into account for UE assistance information, for better coordination.
[bookmark: _Toc71550113][bookmark: _Toc78991334]Proposal 8: The sidelink UE can take sidelink information (including the sensing/resource allocation timing) into account for the UE assistance information for network to inform the gNB for a better coordination with Uu at the network.



UE Reception Type 
In RAN1#103-e and RAN1#104-e meeting, the following was concluded.
	Conclusion (RAN1#103)
· [bookmark: _Hlk59106342]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. 

Conclusion: (RAN1#104)
· PSFCH reception is not included for Type A UE
· S-SSB reception is not included for Type A UE
· SL reception Type B is additionally added
· Type B: Same as Type A with an exception of performing PSFCH and S-SSB reception
Note: the same conditions as in RAN1#103-e regarding the context of the discussion of Type A and Type D still apply (also applicable to type B)



So far three sidelink reception types have been identified (Type A, B, D) as reference for revaluation.  Type A UE is the most power saving as it is not required to receive any SL signals. The Type A UE main target usage is a pedestrian usage. If the smart phone is only used for the pedestrian, to support only type A can be sufficient but the reality would be the smart phone user may use the bicycle or motorcycles although cars may be equipped with dedicated phone. When such smart phone usage is considered, one way would be the phone itself is capable to support Type D or type B. When the usage is pedestrian, it can be operated as type A in order to reduce the power consumption. When the usage is other than pedestrian, it can be operated as type D or type B in order to improve the safety of the smart phone user. 
[bookmark: _Toc68181802][bookmark: _Toc71550104][bookmark: _Toc78991335]Proposal 9: SL reception type B or D capable UE should be allowed to be operated as SL reception type A depending on the usage scenario and the requirement.

For a type B or D capable UE under network coverage, to operate as SL reception type A should be the decision by the network, while the initiation could be from the UE itself as the UE is operated as pedestrian usage is only known by the UE. The reason of network decision is, when the sidelink is congested, the UE should be operated as type B or D UE as type A usage can be inefficient because of no sensing operation. The UE may determine its recommended reception type and ask the network for confirmation, otherwise, it may inform its SL requirement and power reduction capability to the network and let the network to determine the suitable reception type.
[bookmark: _Toc71550105][bookmark: _Toc78991336]Proposal 10: The decision that SL reception type B or D capable UE is operated as SL reception type A should be by the network when UE is under network coverage. The SL reception type B or D capable UE could either: 1) inform the network its recommended reception type and ask for confirmation, or 2) inform its SL requirements and power reduction capability to the network and let the network to determine the suitable reception type. 

For a type B or D capable UE out of the network coverage, the decision to type A can be UE autonomous decision. The power saving can be maximized when UE is type A but the system efficiency is decreased. Based on the congestion level and pedestrian usage, the upper layer can determine it.
The type D UE performs reception of all SL signals and channels. It was concluded that not preclude the UE to perform reception of a subset of SL signals/channels. Although we proposed to transit to type A UE for pedestrian usage in above, another possible reception type to keep the system efficiency would be sensing only reception. For sensing purpose, PSCCHs is needed for resource selection, but not necessary to receive and store decode the corresponding PSSCHs. Therefore, such UE could be in a state of PSCCH (1st SCI) only reception with no PSSCH reception but only PSSCH transmission for power saving. 
· SL Reception Type D: Full SL functions, support all SL signals/features
· SL reception Type D1: Support SL signals only for PSCCH sensing and not receive PSSCH
(i.e., support PSCCH sensing and decoding; no PSSCH reception allowed)
[bookmark: _Toc71550106][bookmark: _Toc78991337][bookmark: _Toc54093227]Proposal 11: The reception type D can have a sub reception type that a UE Support SL signals only for PSCCH sensing and not receive PSSCH 

For a SL UE with reception Type A, it is not capable to receive S-SSB for synchronization. In LTE, if the UE does not have GNSS/network timing nor a selected SyncRef UE, it could perform SL transmission based on the UE's own timing. Note for LTE the SL UE is always reception capable. 
For a NR UE without sidelink Rx capability, our understanding is that it can only be in Type A and no transmission is allowed if without existing synchronization to GNSS/network.   
Then for a NR UE without sidelink Rx module i.e. Type A, we also think no transmission is allowed if without existing synchronization to GNSS/network. If the UE is Type B or D but operated as Type A, the UE should switch to other reception types (Type B or D) to look for a SyncRef UE if it needs to perform SL transmission.
[bookmark: _Toc71550107][bookmark: _Toc78991338]Proposal 12: No SL transmission is allowed if a UE is in Type A and without a valid synchronization. 



[bookmark: _Hlk37170261]UE Power Consumption Model 
For the UE capable of partial sensing based RA, the sensing for PSCCHs is needed for resource selection, but not necessary to receive and store decode the corresponding PSSCHs. Therefore, such UE could be in a state of 1st SCI only reception where no PSSCH reception but only PSSCH transmission for power saving. 
The model was agreed in RAN1#103-e as following and there seems no case agreed for 1st SCI only. As the symbols to be received is reduced to 3 symbols, we think a smaller coefficient (e.g., 0.6) could be applied for power consumption level of PSCCH/PSSCH RX for 1st SCI only reception.
	Agreements:
Remove the square brackets in the following agreements with red-colored clarification. 
· Agreements made in RAN1#102-e meeting:
· For power consumption level of “1st SCI/2nd SCI RX”, 
· the power consumption level is [0.7]* power consumption level of “PSCCH/PSSCH RX”
… 



[bookmark: _Toc71550108][bookmark: _Toc78991339]Proposal 13: To allow 1st SCI only reception in rel.17, and its power modelling of 1st SCI only reception is [0.6]* power consumption level of “PSCCH/PSSCH RX”



Resource Sensing and Selection 
Partial Sensing 
The following was agreed in RAN1#105-e meeting.
	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.
  o   The processing time restriction includes Tproc,0SL  and Tproc,1SL.
  o   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



In LTE V2X partial sensing, the determination of the Y subframes within the selection window of [n+T1, n+T2] is up to implementation. In our understanding, for rel.17 NR SL, it would beneficial to reduce complexity to specify the subset of Y slots sensing/selection window as pre-defined patterns (e.g., formula, bitmap, or other rules) for partial sensing. 
The pattern could be with timing reference to the timing of grant (t=n) or the system timing (absolute slot number). Moreover, UEs under same cell (or country/region) should try to use same pattern rules for better coordination and to avoid in-air collisions.
[bookmark: _Toc71550109][bookmark: _Toc78991340]Proposal 14: The determination of the Y slots should be pre-defined patterns instead of up to UE implementation.  The pattern timing could be with reference to t=n or absolute slot number



Resource Pool Aspects
The following was agreed in RAN1#103-e meeting. 
	Agreements: 
· [bookmark: _Hlk56787329]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.


A resource pool can be (pre-)configured to enables combination of full sensing, partial sensing and random resource selection. The resource usage would be inefficient if random usage is large. Other than up to the camping gNB or regulator how the random selection portion is defined, the resource pool can be pre-segregated for full sensing, partial sensing, and random selection. The UE performing random selection can only select resources from the designated resources.
The segregated resource pool portion can be either passing down by upper layer to physical layer to be excluded when performing SA reporting, or it can be excluded from legacy SA when performing higher layer resource selections. Also, the portion size can be linked with transmission priorities that transmission with higher priority with more resource candidates. 
[bookmark: _Toc71550110][bookmark: _Toc78991341]Proposal 15: For a resource pool enables combination of full sensing, partial sensing and random selection, it could be pre-segregated into corresponding portions for each sensing/selection scheme to achieve more efficient resource utilization.



Collision Avoidance & Traffic Reduction
In previous RAN1 meeting, the following was agreed on FFS the impact of resource collision.
	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.).



For power saving consideration, it would be desirable to avoid potential in-air collisions as the subsequent retransmission consumes additional power. Also, the unnecessary transmissions should be reduced as much as possible. The methodologies/functionalities to avoid in-air collisions and to reduce unnecessary traffics are necessary on power savings.
[bookmark: _Toc71550114][bookmark: _Toc78991342]Proposal 16: Methodologies/functionalities to avoid in-air collisions or unnecessary transmissions should be discussed for power saving

A partial-sensing UE, (e.g., a VRU-UE), should not be required to waked up always like a full-sensing UE (e.g., a vehicular UE), thus it would be desirable to improve the transmission/reception successful rate during their wake-up durations. A dedicated resource pool could be configured for the partial-sensing UEs to at least eliminate the collision between partial-sensing UEs’ transmissions and full-sensing UEs’ transmissions.  
The following characteristics are considered for the resource pool:  
· The partial-sensing UEs’ Tx pool should not overlap with full-sensing UEs’ Tx pool;
· The partial-sensing UEs’ Tx pool should be within full-sensing UEs’ Rx pool;
· The full-sensing UEs should transmit partial-sensing UE targeted SL messages in the partial sensing UEs’ Rx pool.
[bookmark: _Toc71550115][bookmark: _Toc78991343]Proposal 17: A dedicated resource pool should be allowed for partial sensing UEs that the Tx pool not overlap with full sensing UEs’ Tx pool and within full sensing UEs’ Rx pool; while the Rx pool is known to full-sensing UEs for partial-sensing UE targeted SL messages


	
Conclusion 
In this contribution, followings observation and proposals are made: 
Proposal 1: The SL DRX active time is consisting of the semi-static active time and extended active time similar to Uu active time.
Proposal 2: No SL operation should be mandated outside the DRX active time for power saving consideration
Proposal 3: For SL operation allocated within DRX semi-static inactive time, a SL UE is mandated to extend its DRX active time or up to UE implementation
Proposal 4: A SL DRX semi-static active time could be backward extended for sensing purpose when a SL transmission triggering slot is near to the beginning of semi-static active time. The extension could be same size as the sensing window, truncated or extended by a fixed value
Proposal 5: A SL DRX semi-static active time could be forward extended for a SL UE to complete its transmission, reception, decoding, etc
Proposal 6: The extension of SL DRX semi-static active time could be triggered by previous SL or DL signalling
Proposal 7: Uu DRX function is independent indication from sidelink sensing/resource allocation timing. On the other hand, a sidelink UE's actual "off" is when both Uu and sidelink operation (sensing/resource allocation timing and SL transmission) are “off”
Proposal 8: The sidelink UE can take sidelink information (including the sensing/resource allocation timing) into account for the UE assistance information for network to inform the gNB for a better coordination with Uu at the network.
Proposal 9: SL reception type B or D capable UE should be allowed to be operated as SL reception type A depending on the usage scenario and the requirement.
Proposal 10: The decision that SL reception type B or D capable UE is operated as SL reception type A should be by the network when UE is under network coverage. The SL reception type B or D capable UE could either: 1) inform the network its recommended reception type and ask for confirmation, or 2) inform its SL requirements and power reduction capability to the network and let the network to determine the suitable reception type.
Proposal 11: The reception type D can have a sub reception type that a UE Support SL signals only for PSCCH sensing and not receive PSSCH
Proposal 12: No SL transmission is allowed if a UE is in Type A and without a valid synchronization.
Proposal 13: To allow 1st SCI only reception in rel.17, and its power modelling of 1st SCI only reception is [0.6]* power consumption level of “PSCCH/PSSCH RX”
Proposal 14: The determination of the Y slots should be pre-defined patterns instead of up to UE implementation.  The pattern timing could be with reference to t=n or absolute slot number
Proposal 15: For a resource pool enables combination of full sensing, partial sensing and random selection, it could be pre-segregated into corresponding portions for each sensing/selection scheme to achieve more efficient resource utilization.
Proposal 16: Methodologies/functionalities to avoid in-air collisions or unnecessary transmissions should be discussed for power saving
Proposal 17: A dedicated resource pool should be allowed for partial sensing UEs that the Tx pool not overlap with full sensing UEs’ Tx pool and within full sensing UEs’ Rx pool; while the Rx pool is known to full-sensing UEs for partial-sensing UE targeted SL messages
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