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1. Introduction
This contribution provides discussions on resource allocation enhancement considering power saving for sidelink. More specifically, we are considering the automotive concerns regarding sidelink power saving enhancements that can be achieved in Rel-17 in addition to possible VRU use cases and its required road safety.
In RAN1#106b-e, some selected of the agreements that we are discussing in this document are as the follows:
[bookmark: _Hlk80955648]Agreement:
When UE performs at least contiguous partial sensing in a mode 2 Tx pool for a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n, TA and TB for CPS monitoring window and a candidate resource set (SA) is initialized according to potentially one of the following approaches (final decision in RAN1#107-e). Other approaches are not precluded and the details in each approach can still be updated.
1. Approach 1: (SA is initialized based on at least slots with PBPS and/or CPS results and guarantee a minimum of M slots for CPS)
0. The UE selects a set of Y’ candidate slots with corresponding PBPS and/or CPS results (if available) within the RSW.
0. FFS how to handle the case if the total number of Y’ candidate slots is less than a (pre-)configured threshold Y’min without dropping the aperiodic transmission
0. FFS whether the Y’ candidate slots for aperiodic transmission is the same as the Y candidate slots in PBPS for periodic transmission of another TB(s)
0. FFS whether/how to prioritize/select resources based on partial sensing results.
0. FFS: How to select Y’ in case of CPS only
0. Candidate resource set (SA) is initialized to the set of all single-slot candidate resources in the selected Y’ candidate slots.
0. For the CPS monitoring window [n+TA, n+TB]:
2. TA and TB are both selected such that UE has sensing results for a minimum of M consecutive logical slots before ty0, where ty0 is the first slot of the selected Y’ candidate slots.
0. FFS: By default, M is 31 unless (pre-)configured with another value, or M is (pre-)configured based on transmission priority
0. FFS the range of (pre-)configured M from a TBD lowest value up to 30
0. FFS: how to handle the case when the minimum M slots for CPS cannot be guaranteed
0. FFS: RSW in case of CPS only
1. Approach 2: (SA is initialized based on all candidate single-slot resources and guarantee a minimum of M slots for CPS)
1. Candidate resource set (SA) is initialized to the set of all candidate single-slot resources in [n+TB+Tproc,0+Tproc,1, n+T2], where TB is selected by the UE such that length of [n+TB+Tproc,0+Tproc,1, n+T2] ≥ T2min.
0. Tproc,0, Tproc,1 are in units of physical time/slots
0. FFS whether/how to prioritize/select resources based on partial sensing results (if PBPS is performed).
1. For the CPS monitoring window [n+TA, n+TB]:
1. TA = X
0. FFS value X for TA including X=1 and negative value
1. TB is selected such that UE has sensing results for a minimum of M consecutive logical slots before the start of (n+TB+Tproc,0+Tproc,1).
























1. FFS: By default, M is 31 unless (pre-)configured with another value, or M is (pre-)configured based on transmission priority
1. FFS the range of (pre-) configured M from a TBD lowest value up to 30
1. FFS: how to handle the case when the minimum M slots for CPS cannot be guaranteed
1. Approach 3: (independent approach for different case)
2. When UE additionally performs periodic-based partial sensing in the resource pool, the above Approach 1 applies.
2. When UE does not perform periodic-based partial sensing in a resource pool that does not allow resource reservation for another TB, the above Approach 2 applies.
· resource selection and not performing re-evaluation and pre-emption checking
· Option 12: No special consideration
Working Assumption
When PHY layer is indicated with an active time of RX UE from MAC layer for candidate resource selection, a restriction is applied in PHY layer so that at least a subset of candidate resources reported to MAC layer is located within the indicated active time of the RX UE. The following options will be further discussed in RAN1 to restrict resources for candidate resource selection taking into account the indicated active time from MAC layer:
· Option 1: PHY layer selects and reports candidate resources only within the indicated active time of the RX UE
· Option 2: PHY layer selects and reports candidate resources in which at least a subset of the candidate resources is within the indicated active time of the RX UE
· Option 3: PHY layer selects and reports an additional candidate resource set of candidate resources within the indicated active time of the RX UE















	
 In RAN1#106-e, the agreements’ FFS have not been finalized yet:Agreement
Conditions in which contiguous partial sensing is performed by UE, when at least all of the followings are met:
· L1 [is expected to be or] is triggered by higher layer to report resources for resource (re-)selection in a mode 2 Tx pool
· FFS: When the trigger will be received by L1
· The resource pool is (pre-)configured to enable partial sensing
· Partial sensing is configured by higher layer in the UE
Agreement
A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.
· FFS: When such reception and measurement is performed, whether it is subject to specification, or is up to UE implementation
· FFS: Other details
Agreement:
For random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection, down-select to one of the followings in RAN1#106bis-e
· Option 1: A priority threshold value or a range of priority levels is (pre-)configured for the resource pool, below or within which random resource selection is allowed
· Note, lower value means higher priority
· FFS whether resource pool partitioning can be additionally applied
· Option 2: Increase the priority for the transmission based on random selection and indicate the new priority value in the priority field in the 1st-stage SCI
· FFS: An extra field is added in SCI for indicating the original priority value associated with QoS requirement,
· FFS: A 1-bit field in the SCI indicates that the UE is performing random resource selection, or
· FFS: An extra field is added in SCI for indicating the mapping to the original priority value associated with QoS requirement.
· Option 7: Exclude resources reserved by UE performing random selection without re-evaluation / pre-emption checking, regardless of their priorities. E.g. a 1-bit field in the SCI indicates that the UE is performing random resource selection and not performing re-evaluation and pre-emption checking
Option 12: No special consideration

In this contribution, we discuss sidelink power saving from automotive and VRU protection point of view.

2. SL Resource allocation enhancements for power saving
In the following sections, we discuss some potential issues that need to be considered for R17 SL power saving. 
Transmission using Random selection
For random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection, RAN1#106-e agreement requests to down-select between multiple options. Option 1 requires configuring a priority threshold after which transmission with random selection is allowed for a resource pool. In RAN1#106b-e, the following compromise proposal was achieved:Proposal 3-1 (IX): 
 For random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection,
  ·   Option 1: a priority threshold value is can be (pre-)configured for the resource pool or a subset of resources, at or below the threshold value which random resource selection is allowed.
·  Note, lower value means higher priority
·  FFS: Remaining details for the RRC parameter (e.g., possible priority threshold values, and whether the priority threshold values can be based on different measured CBR)
 FFS: whether to support a priority threshold value (pre-)configured for a subset of resources in a resource pool

In our understanding, this proposal is also supporting TX-only capability UEs. E.g., a beacon devices that are installed in the backpack of VRUs or for simple micro-mobility with reduced cost modems, e.g., e-scooters, reduced prices e-Bike. In this case, when there is no-RX capability, random selection is the only way to conduct sidelink transmission in these devices. In such a case, these UEs are not having any interactive data and, additionally, sudden alarms and emergency messages will be encapsulated in a VRU awareness messages (VAM) [2]. It worth mentioning here that VAM messages are rather periodic or quasi periodic traffic. They also have a strict message generation rules where both periods and priority can be explicitly set by higher layers. 
In our view, we can support Option 1 with some modifications. We would like to support separate pool partitioning at least for UEs without any RX or sensing or PSFSC decoding capabilities. Therefore, for the last FFS, we may restrict the RX incapable UEs to transmit only on “a subset of resources in a resource pool”. 
Therefore, we propose the no-RX capability UEs the following two alternatives in addition to option 1:
· [bookmark: _Hlk84031499]Alt1: UEs performing random selection without sensing and/or PSFCH reception capability can only transmit periodic traffic with periodic reservation is enabled
· Alt2: UEs performing random selection without sensing and/or PSFCH reception capability can only transmitted on separate pool partitioning overlapping with the full/partial sensing UEs. 
Both alternatives, Alt1 and Alt2, may require full/partial sensing UE to exclude resources reserved by UE performing random selection. 
Observation 1: Without restricting random resource selecting UEs with no-sensing and/or no PSFCH reception capability may lead to increased collisions. 
Proposal 1: For UEs performing random resource selection with no sensing and/or PSFCH reception capability,  support the modified Option 1 with the following two alternatives
· Alt1: If resource pool portioning is not supported, the UEs can only use periodic reservations
· Alt2: If resource pool portioning is supported, the UEs can only transmit sidelink on separate pool partitions overlapping with full/partial sensing UEs. 
Proposal 2: change the last FFS to be: 
· FFS: whether to support “a high” priority threshold on a subset of a resource pool dedicated for those UEs without sensing and/or PSFCH capabilities.

Partial/Contiguous sensing and DRX aligning  
[bookmark: _Hlk84034190]RAN1 agreed that a UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time. If a resource (re)selection procedure triggered by either periodic or aperiodic transmission (Prsvp_TX=0 or Prsvp_TX≠0) in slot n, where the slot is outside the DRX active period, then at least CPS (fully or partially) should be sensed during the SL DRX inactive time. Where also we don’t believe that re-evaluation should be made except when a (re)selection is triggered.
In Figure 1, we depict an example when partial sensing exists in the DRX active/on time but does not have to occupy every DRX cycle. In the next sub-section, we discussed possible further conditions to select the width of the sensing window and the additive short sensing (i.e., TA, TB). 
Additionally, based on the traffic requirements (e.g., when insufficient sensing result is identified) or based on congestion values, e.g., CBR/CR value (i.e., when CBR increases, available resources may be reduced), etc. the partial sensing window may need to be extended. In this case, two alternatives can be considered if PBPS needs to be extended:
· Alt-1: the partial sensing window may perform sensing for sensing during its SL DRX inactive time
· Alt-2 the DRX active period may be extended to a value configured in a DRX set of values only for periodic resources.


Figure 1: Partial sensing for periodic resource with extended CPS
Proposal 3: At least for aperiodic resources reservation, only contiguous partial sensing can to be allowed outside the DRX active time. FFS: conditions to allow this case.
Proposal 4: At least for periodic resources reservation, the DRX active-time may be extended to another configured value if, e.g., sensing results are insufficient or resources are triggered before the initial configured DRX active-time.
Conditions for adaptive DRX for power saving
In NR sidelink, power saving UEs may be requested to perform advanced VRU communication. Hence, these UEs may need to extend their sub-sensing window and/or its reception activity timers based on the actual conditions. In this case, e.g., the length of the sub-sensing window (i.e., also DRX ON duration) and the inactive sensing period (i.e., also DRX OFF duration) can be selected adaptively. This adaptation may be triggered by some measurements for a certain evaluation period. These measurements could be, e.g., the transmission rate/scheduling assignments (SA), channel busy ratio (CBR) of the shared pools, HARQ feedback ACKs/NACKs, etc. For example, if a UE is approaching a spot where the channel is more congested (with a high CBR value) and the SAs have high RSRP values, the UE may expand its sub-sensing/DRX ON duration for better reception this critical condition. 
Proposal 5: In Rel-17 NR sidelink, support an adaptive partial sensing/DRX based on one or more of the following:
· channel busy ratio (CBR) and/or channel occupancy ratio (CR),
· HARQ feedbacks (ACKs or NACKs),
· transmit/received priorities, 
· communication range.
Further sidelink enhancements for power saving
During TSG RAN plenary Rel-18 discussions for SL enhancements, further enhanced power saving for VRU (e.g., pedestrian, e-Bike, 2-wheelers, etc.) and emerging automotive use cases has been deprioritize with the assumption that Rel-17 covers the basic needed for SL resource allocation power saving. Therefore, we see some mandatory requirements for already planned automotive use cases, e.g., Automated valet parking and tolling. The latter two use cases require wake-up/go-to-sleep signals, which have been deprioritized for Rel-17. Additionally, for advanced VRU use case, accurate DRX alignment is a safety related requirements to avoid collision and information safety related requirements. In the following subsections, we present some required features that we believe they need to be discussed in Rel-17.
Flexible frequency search space / adaptive BW
One obvious issues in Rel-16/17 sidelink is the fixed bandwidth part (BWP) per carrier, which cannot be flexibly adapted for sidelink power saving. Also in our opinion, segregating resource pools based on VRU and V2X services may not be considered due to resource fragmentation as also concluded in [3]. However, in tis case, the VRUs may need to share the same resources overlapping with other V2X resources. This will also help VRU to receive the advanced V2X messages sent over these shared resources (e.g., cooperative awareness messages (CAM), cooperative perception messages (CPM), etc.) [2].
Therefore, we propose for Rel-17 sidelink power saving to have a flexibly configured (frequency) sidelink search space within a fixed BWP (in a carrier) or a resource pool as in Figure 2. For example, two extreme values can be considered, a minimum search space and a maximum search spaces, N2 and N1 subchannels, respectively. Thereby, the maximum search space can be the complete width of the configured BWP or resource pool(s). Whereas, the minimum search space can be configured as a common sidelink search space (CSSS), which could be, e.g., multiple adjacent subchannels shared among the resource pools. N1, N2, and their positions can all be (pre-)configured, e.g., per resource pool. In this case, the power saving UEs can mainly operate on the CSSS until the UEs are triggered to switch to wider search space, e.g., to perform RX/TX of advanced services.
Proposal 6: Support adaptive frequency search space based on channel activity, traffic conditions, etc..


Figure 2: Possible search space adaptation

Sidelink wakeup signals and cross-slot scheduling
In Rel-16 Uu power saving, cross slot scheduling and WUS are utilized. For cross-slot scheduling, a UE is saving power by avoiding buffering the whole slot if the data is not indicated for the UE. Hence, the UE is not expecting a DCI with data allocation in the same slot, but only after a minimum scheduling offset values K0 (configured by the gNB). This allows the UE to perform a “micro” for the remaining of the slot as in Figure 3. Additionally, “macro” sleeps can be indicated where the UE sleeps and wakes up occasionally / periodically a waking up triggering.  The triggering can, e.g., be sent in the cross-slot control channel.
For sidelink power saving, similar operation can be achieved by allowing only decoding, e.g., 2nd and/or 3rd re-transmission, i.e., allowing a micro-sleep during the 1st transmission slot after decoding the SCI. Hence, if cross-slot scheduling is configured in sidelink, the RX UE is expecting to decode only SCI (with its reservations) but not the data associated with it in the same slot, e.g., for 1st transmission. At the same time, if the UE is triggered by such a control channel, the UE may “wake up” and decode, e.g., the 2nd/3rd re-transmissions after a minimum time K0. If the triggering is for periodic transmission, the UE may schedule its DRX according to the reservation periodicity.
For WUS and/or cross-slot scheduling, K0 can be (pre-)configured and should not exceed the same TB reservation time, i.e., 32. To further enhance power saving, the UE may only decode retransmissions if the initial SCI fulfils certain criteria, e.g., priority levels, cast types, special VRU decoding indication (FFS), and/or destination ID. 


Figure 3: Cross-slot scheduling for sidelink to save power
Proposal 7: Support WUS in Rel-17 for urgent Automotive use cases 
· FFS: whether WUS and cross-slot scheduling are jointly designed,
· FFS: how to configure DRX and indicate/trigger wake up in this case.
Coexistence with Rel-16 UEs and DRX alignment
In this WI, it is assumed that Rel-16 and Rel-17 UEs can coexist in the same resource pool. Additionally, it was agreed to minimize physical layer impacts to allow both forward and backward compatibility. Therefore, it is important to agree that Rel-17 power saving enhancements can preserve this need. Moreover, in automotive requirements, a Rel-17 VRU needs to decode messages (e.g., at least basic safety messages (from Rel-16 UEs, e.g., vehicles). Therefore, in our power saving design may need to minimize physical layer impacts to easily achieve such a goal for Rel-16 and Rel-17 co-existence. 
Additionally, as described above, multiple VRUs with multiple capabilities need to coexist together with V2X communication despite their selected sensing approach and/or their DRX activity. Coexistence here means a mutual communication between all devices, i.e., even between some VRU as defined in some scenarios in [2].
Proposal 8: To align DRX cycles between Rel-17 UEs and to be compatible with Rel-16 UEs, configure DRX resource pools over-lapping with full/partial sensing resource pool.

Power saving considering UE assisting information
Rel-17 Enhancements requires additionally DRX adaptation and aligning wake-up time among communicating, but power saving, UEs. Even though DRX should be handled in RAN2, in our view it is also important to design a sidelink power saving resource allocation mechanism that aligns DRX cycles to allow better communication between UEs with different DRX cycles.
In other agenda item, resource allocation enhancements exploiting inter-UE coordination is studied. However, in our view, if it will be agreeable to specify inter-UE coordination, it is important to consider a design that utilize such a coordination to allow coordinating active and inactive times between UEs. For example, a UE with a high power capacity may assist other UEs to adapt their partial sensing/DRX time and frequency search space .
Proposal 9: Enhanced sidelink power saving utilizing inter-UE coordination for aligning DRX timers and frequency search spaces.

Support of sidelink with no or different reception capabilities
In RAN1#90-e, two sidelink reception reference types were considered (at least) for evaluation, namely Type-A (a UE  capable of transmitting sidelink) and Type D (a UE capable of transmitting and receiving sidelink). At least for VRU use cases, there could be different equipped VRU devices with different power constraints and requirements [2]. For example, an equipped walking pedestrian with a limited battery UE is different from an equipped electrical-lightweight mobility devices with a relatively higher battery capacity, e.g., e-scooter, e-bike, e-motorcycle, etc.. Furthermore, these e-lightweight mobility devices may have higher interaction –for a longer time- with the vehicular traffic in busy roads than that of walking pedestrians. Thereby, participation in more advanced VRU use cases is expected from these devices.
Proposal 10: For Rel-17 sidelink power saving, a UE should support multiple sidelink capabilities at least for VRU communication including;
· TX-only (random transmission), 
· TX random transmission and PSFCH reception only, 
· TX random transmission and RX for re-evaluation/pre-emption. 
· TX with RX partial sensing, re-evaluation/pre-emption and PSFCH reception. 
3. [bookmark: _Toc21362209][bookmark: _Toc21362372][bookmark: _Toc21362477][bookmark: _Toc21338841][bookmark: _Toc21338942]Conclusions
In this contribution the following proposals have been made:
Proposal 1: For UEs performing random resource selection with no sensing and/or PSFCH reception capability,  support the modified Option 1 with the following two alternatives
· Alt1: If resource pool portioning is not supported, the UEs can only use periodic reservations
· Alt2: If resource pool portioning is supported, the UEs can only transmit sidelink on separate pool partitions overlapping with full/partial sensing UEs. 
Proposal 2: change the last FFS to be: 
· FFS: whether to support “a high” priority threshold on a subset of a resource pool dedicated for those UEs without sensing and/or PSFCH capabilities.
Proposal 3: At least for aperiodic resources reservation, only contiguous partial sensing can to be allowed outside the DRX active time. FFS: conditions to allow this case.
Proposal 4: At least for periodic resources reservation, the DRX active-time may be extended to another configured value if, e.g., sensing results are insufficient or resources are triggered before the initial configured DRX active-time.
Proposal 5: In Rel-17 NR sidelink, support an adaptive partial sensing/DRX based on one or more of the following:
· channel busy ratio (CBR) and/or channel occupancy ratio (CR),
· HARQ feedbacks (ACKs or NACKs),
· transmit/received priorities, 
· communication range.
Proposal 6: Support adaptive frequency search space based on channel activity, traffic conditions, etc..
Proposal 7: Support WUS in Rel-17 for urgent Automotive use cases 
· FFS: whether WUS and cross-slot scheduling are jointly designed,
· FFS: how to configure DRX and indicate/trigger wake up in this case.
Proposal 8: To align DRX cycles between Rel-17 UEs and to be compatible with Rel-16 UEs, configure DRX resource pools over-lapping with full/partial sensing resource pool.
Proposal 9: Enhanced sidelink power saving utilizing inter-UE coordination for aligning DRX timers and frequency search spaces.
Proposal 10: For Rel-17 sidelink power saving, a UE should support multiple sidelink capabilities at least for VRU communication including;
· TX-only (random transmission), 
· TX random transmission and PSFCH reception only, 
· TX random transmission and RX for re-evaluation/pre-emption. 
· TX with RX partial sensing, re-evaluation/pre-emption and PSFCH reception. 
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