[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting #104bis-e	R1-2103483
e-Meeting, April 12th – 20th, 2021

[bookmark: _Ref133120545]Source:	Sharp
Title:	Discussion on resource allocation for power saving
Agenda Item:	8.11.1.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
A revised work item on NR sidelink enhancement was approved in RAN#90-e meeting [1], with one of the objectives to specify resource allocation to reduce power consumption of the UEs, as follows:
	· 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.
· This work should consider the impact of sidelink DRX, if any.


In this document, we share our views on a few aspects relating to resource allocation for power saving.
Discussion
Selection of different resource allocation schemes
In LTE V2X, the UE is configured by higher layers to transmit either “non-P2X related V2X sidelink communication” or “P2X related V2X sidelink communication”, and 
· For non-P2X related V2X sidelink communication, 
· Apply full sensing in the selected TX pool (e.g. the TX pool associated with the selected synchronization reference source), except when no sensing result is available, in which case fall back to random resource selection in an “exceptional” TX pool.
· For P2X related V2X sidelink communication, 
· Choice between partial sensing (if supported) and random resource selection is configured by resourceSelectionConfigP2X, in the selected TX pool (e.g. the TX pool associated with the selected synchronization reference source), except when both are configured, in which case the choice between the two is left to UE implementation.
· In case partial sensing was chosen and no corresponding sensing result is available, fall back to random resource selection in an “exceptional” TX pool.
In Rel-16 NR sidelink, in case of mode 2 resource allocation, full sensing (in one of the “normal” TX pools) is used except when no sensing result is available, in which case random resource selection is used (in one of the “exceptional” TX pools), see sub clause 5.8.8, TS 38.331. In other words, random resource selection are already supported by a Rel-16 UE capable of NR sidelink.
In Rel-17 NR sidelink, the introduction of power-saving resource allocation should cover not only “LTE V2X like” P2X communications, but also public safety and commercial use cases where SL data reception as well as SL data transmission is desirable. On a high level, we think the following are beneficial and should be considered in RAN1:
· A UE’s higher layers should be able to adapt between a “SL power-saving state” where only power-saving resource allocation schemes will be used, and a “SL non-power-saving state” where any resource allocation scheme may be used (e.g. depending on UE capability, TX pools enabling the resource allocation scheme, CBR of each TX pool, etc.).
· Some mechanism should be provided to prevent the UEs from “abusing” the use of power-saving resource allocation schemes, in order to load-balance the TX pools enabling different resource allocation schemes, and to reduce collision when power-saving resource allocation schemes and non-power-saving resource allocation schemes coexist in a same TX pool. For example, if some TX pools are configured to enable partial sensing and other TX pools are configured to enable random resource selection, it is not desirable to allow a UE capable of partial sensing to always apply random resource selection.
· Even for UEs in SL non-power-saving state, it should be possible to use a power-saving resource allocation scheme, as is already done in LTE V2X and NR V2X (Rel-16), i.e. use of random resource selection when no sensing result is available. In our view this “fallback” mechanism should be supported in a more general manner. For example, a fallback to TX pools not enabling full sensing (and accordingly resource allocation not using full sensing) may be beneficial if the CBR of all TX pools enabling full sensing is too high. 
· Backward compatibility with previous releases (Rel-16 here), should be borne in mind when designing the power-saving resource allocation schemes. For example, a “Type-A UE” (which is only capable of random resource selection) should be able to apply random resource selection in a TX pool even if all TX pools are configured by following Rel-16 specs where no resource allocation scheme is explicitly configured. Otherwise no TX pool will be available for such a UE on the Rel-16 sidelink. And as another example, a Rel-16 UE (which is only capable of full sensing in a “normal” TX pool and random resource selection in an “exceptional” TX pool) should be able to operate NR sidelink in all TX pools configured with Rel-16 parameters (i.e. even if new, Rel-17 specific, fields are added to the corresponding IE).
Observation 1: It is beneficial for a UE to be able to adapt between a “SL power-saving state” where only power-saving resource allocation schemes will be used, and a “SL non-power-saving state” where any resource allocation scheme may be used.
Observation 2: Some mechanism should be provided to prevent the UEs from “abusing” the use of some power-saving resource allocation schemes, in order to ensure the coexistence of power-saving resource allocation schemes and non-power-saving resource allocation schemes in a same TX pool.
Observation 3: Even for UEs in SL non-power-saving state, it is beneficial for a UE to use a power-saving resource allocation scheme as a fallback in exceptional cases.
Observation 4: A “Type-A UE” (which is only capable of random resource selection) should be able to apply random resource selection in a TX pool even if all TX pools are configured by following Rel-16 specs where no resource allocation scheme is explicitly configured. Otherwise no TX pool will be available for such a UE on the Rel-16 sidelink.
Observation 5: A Rel-16 UE should be able to operate NR sidelink in all TX pools configured with Rel-16 parameters (i.e. even if new, Rel-17 specific, fields are added to the corresponding IE)
Issues of partial sensing when being adapted to NR V2X
RAN1 should first identify whether there is any issue when adapting partial sensing in LTE V2X to NR V2X, and if any, proceed on potential options to solve those issues.
In our view, the following should be taken into account:
· Reduction of collision. Partial sensing in LTE V2X achieve power saving at the cost of increased probability of collision with other SL transmissions. There should be some mechanisms to reduce the collision when partial sensing is introduced in NR V2X.
· Support for a large set of periodicities. Partial sensing in LTE V2X was designed with the assumption of periodic traffic patterns, with a limited number of choices for the periodicities, while in NR V2X a large number of (much finer-grained) periodicities can be configured. If the partial sensing is adopted by simply replacing the LTE V2X periodicities with NR V2X periodicities, the power saving gains may be largely lost with some periodicity configuration options. It may thus be better to extend the partial sensing mechanism itself to better fit the situation in NR V2X.
· Support for aperiodic traffic patterns. This was not considered in partial sensing in LTE V2X, but should be supported in a proper way in partial sensing for NR V2X. For example, at least UEs supporting partial sensing should avoid collision with each other as much as possible.
· Support for re-evaluation and pre-emption, with certain level of relaxations in terms of UE processing.
· Synergy with inter-UE coordination. For example, significant reduction of time for sensing may be achieved by exploiting the sensing results from another UE.
Proposal 1: The following aspects are considered for the design of partial sensing for NR V2X:
· Reduction of collision.
· Support for a large set of periodicities.
· Support for aperiodic traffic patterns.
· Support for re-evaluation and pre-emption.
· Synergy with inter-UE coordination.
Monitored slots in contiguous partial sensing
In RAN1#104e, it was agreed for the UE to perform periodic-based partial sensing in NR sidelink, i.e. each candidate slot in the resource (re-)selection window corresponds to a set of periodical monitoring slots and the periodicity depends on the (pre-)configured resource reservation period(s), which is similar mechanism as LTE partial sensing. Besides the periodic-based partial sensing, the contiguous partial sensing was introduced in NR sidelink, mainly for the aperiodic traffic. The contiguous partial sensing related agreements are as follows,
	Agreements:
· In a resource pool (pre-)configured with at least partial sensing, if UE performs contiguous partial sensing and resource (re-)selection is triggered in slot n, support the following option:
· Option 1: For the purpose of resource (re-)selection, the UE monitors slots between [n+TA, n+TB] and performs identification of candidate resources, in or after slot n+TB, based on all available sensing results, including periodic-based partial sensing results (if applicable).
· FFS TA, TB (including the possibility of equal to zero, positive or negative) and remaining details (in particular, whether there should be exclusion of slots, changes in TA/TB values for different purposes, etc.)
· FFS whether n can be replaced by e.g., index of some of Y candidate slots
· FFS condition(s) in which contiguous partial sensing is performed by UE
· FFS interaction with SL-DRX, if any
· FFS interaction with periodic-based partial sensing, if any
· Other options are not precluded 
· Note: This option is not to replace random resource selection only without sensing or re-evaluation and pre-emption checking


One of the remaining issues is the value of TA/TB and whether n can be replaced by index of some candidate slots. In Rel-16 NR V2X, when the MAC layer triggers sensing, i.e. to determine a subset of resources from which the higher layer will select resources for PSSCH/PSCCH transmission, the MAC layer may also provide a set of resources {} for re-evaluation, which means {} are regarded as candidate resources in the specified sensing procedure, i.e. Step 1-7 in clause 8.1.4 of TS38.214. If same principle is going to be adopted for NR partial sensing, some of Y candidate slots would be slots on which {} locate. 
Regarding NR V2X, e.g. a resource  among {} is going to be signalled at first time in slot , the UE would trigger the re-evaluation procedure in slot (-T3) to check potential reservation by other UEs after the moment when the UE performed sensing and selected the resource in slot , i.e. after the initial sensing procedure. The re-evaluation procedure for a resource in slot  is shown in Figure 1 as follows. Note that the duration between slot n and slot (-T3) (i.e. the red arrow) is for the re-evaluation.
[image: ]
Figure 1. Re-evaluation procedure in NR V2X
[bookmark: _GoBack]With only periodic-based partial sensing, for the initial sensing when UE firstly selects  in slot , the candidate slot  corresponds to  and (e.g. ). For the sensing of re-evaluation, the candidate slot  corresponds to  and  as well, as shown in Figure 2. Thus, w/o the contiguous partial sensing, the duration for re-evaluation as illustrated in Figure 1 is missing and the re-evaluation fails to work any longer, similar for pre-emption check. With the introduced contiguous partial sensing and n is replaced with the index of the candidate slot , accordingly TA is set as () and subject to processing time, the contiguous partial sensing achieves the same function as the sensing duration for re-evaluation. Since an SCI can indicate a resource within 31 resource pool slots, TB would be 31 resource pool slots later than TA.
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Figure 2. Re-evaluation procedure when applying only periodic-based partial sensing ()
Proposal 2: Replace n with index of the Y candidate slots, set TA as  subject to the processing time and TB as 31 resource pool slots later than TA.
Issues of random resource selection when being adapted to NR V2X
Similarly to partial sensing, care should be taken when adapting random resource selection to NR V2X, for example, 
· Whether to support resource pool sharing with other UEs using different resource allocation schemes. In our view, such kind of resource pool sharing may significantly worsen the resource collision for random resource selection.
· Triggering of random resource selection. It may be necessary to control the number of UEs that can use random resource selection in any given slot.
· Applicability of random resource selection. In LTE V2X, one assumption behind random resource selection was that the (pedestrian) UE is in low power state and may only be able to perform SL transmission (and not SL reception). In our view, it is desirable to have a carefully designed random resource selection mechanism which can be applicable to much more scenarios than in LTE V2X, e.g. a solution that can be used for all exceptional cases in Mode 2 resource allocation.
Proposal 3: The following aspects are considered for the design of random resource selection for NR V2X:
· Whether to support resource pool sharing with other UEs using different resource allocation schemes.
· Triggering of random resource selection.
· Applicability of random resource selection.
Conclusion
In this contribution, we discuss a few aspects relating to relating to resource allocation for power saving, and make the following observations and proposals:
Observation 1: It is beneficial for a UE to be able to adapt between a “SL power-saving state” where only power-saving resource allocation schemes will be used, and a “SL non-power-saving state” where any resource allocation scheme may be used.
Observation 2: Some mechanism should be provided to prevent the UEs from “abusing” the use of some power-saving resource allocation schemes, in order to ensure the coexistence of power-saving resource allocation schemes and non-power-saving resource allocation schemes in a same TX pool.
Observation 3: Even for UEs in SL non-power-saving state, it is beneficial for a UE to use a power-saving resource allocation scheme as a fallback in exceptional cases.
Observation 4: A “Type-A UE” (which is only capable of random resource selection) should be able to apply random resource selection in a TX pool even if all TX pools are configured by following Rel-16 specs where no resource allocation scheme is explicitly configured. Otherwise no TX pool will be available for such a UE on the Rel-16 sidelink.
Observation 5: A Rel-16 UE should be able to operate NR sidelink in all TX pools configured with Rel-16 parameters (i.e. even if new, Rel-17 specific, fields are added to the corresponding IE)
Proposal 1: The following aspects are considered for the design of partial sensing for NR V2X:
· Reduction of collision.
· Support for a large set of periodicities.
· Support for aperiodic traffic patterns.
· Support for re-evaluation and pre-emption.
· Synergy with inter-UE coordination.
Proposal 2: Replace n with index of the Y candidate slots, set TA as  subject to the processing time and TB as 31 resource pool slots later than TA.
Proposal 3: The following aspects are considered for the design of random resource selection for NR V2X:
· Whether to support resource pool sharing with other UEs using different resource allocation schemes.
· Triggering of random resource selection.
· Applicability of random resource selection.
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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
RAN1#104-e
Agreements:
· Random resource selection is applicable to both periodic and aperiodic transmissions
· FFS conditions for random resource selection
Conclusion:
· 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)
Agreements:
In a resource pool (pre-)configured with at least partial sensing, if UE performs periodic-based partial sensing, at least when the reservation for another TB (when carried in SCI) is enabled for the resource pool and resource selection/reselection is triggered at slot n, it is up to UE implementation to determine a set of Y candidate slots within a resource selection window, where
· FFS condition(s) and timing(s) for which periodic-based partial sensing is performed by UE
· The resource selection window is [n+T1, n+T2]
· As a baseline, T1 and T2 are defined in the same way as in R16 NR-V2X according to step 1 [TS 38.214 Sec. 8.1.4]
· Further discuss whether or not to introduce a threshold to re-define T1 and T2 such that 
· T1 ≥ 0 (subject to processing time constraint Tproc, 1), and T2 ≤ remaining PDB
· T2-T1 ≤ (pre-)configured threshold
· A minimum value for Y is (pre-)configured from a range of values, FFS details
· FFS any restriction to determine Y candidate slots (including its relationship with SL-DRX)
· FFS whether the resource selection window [n+T1, n+T2] should be confined within a set of periodic set of resources and its relationship with SL-DRX
· Note: The terminology “periodic-based partial sensing” is based on the “partial sensing” used in LTE-V and it is intended to be used for the design and discussion of partial sensing in Rel-17.
Agreements:
In a resource pool (pre-)configured with at least partial sensing, if UE performs periodic-based partial sensing, at least when the reservation for another TB (when carried in SCI) is enabled for the resource pool and resource selection/reselection is triggered at slot n, the UE monitors slots of at least one a set of periodic sensing occasions, where a periodic sensing occasion is a set of slots according to [image: ]
if tvSL is included in the set of Y candidate slots.
· Preserve is a periodicity value from the configured set of possible resource reservation periods allowed in the resource pool (sl-ResourceReservePeriodList). Down select to one:
· Option 1:  Preserve corresponds to all values from the configured set sl-ResourceReservePeriodList
· Option 2:  Preserve corresponds to a subset of values from the configured set sl-ResourceReservePeriodList
· FFS how to determine the subset (e.g., by (pre-)configuration, UE determination)
· Option 3:  Preserve is a common divisor among values in the configured set sl-ResourceReservePeriodList
· Option 4: FFS others
· k equals tois selected according to (down select to one)
· Option 1: Only the most recent sensing occasion within sensing window for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction
· Option 2: The two most recent sensing occasions within sensing window for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction
· Option 3: All possible sensing occasions after 
· Option 4: Only one periodic sensing occasion for one reservation period. The k value is up to UE implementation. Max value for k is (pre-)configured.
· Option 5: k is (pre-)configured, including multiple values
· Option 6: (pre-)configuration of a bitmap, same as in LTE-V
· Option 7: FFS others
· FFS relationship between periodic sensing occasions and SL-DRX
· FFS condition(s) and timing(s) for which periodic-based partial sensing is performed by UE
· Note: companies are encouraged to show performance data for the down selections
Agreements:
· In a resource pool (pre-)configured with at least partial sensing, if UE performs contiguous partial sensing and resource (re-)selection is triggered in slot n, support the following option:
· Option 1: For the purpose of resource (re-)selection, the UE monitors slots between [n+TA, n+TB] and performs identification of candidate resources, in or after slot n+TB, based on all available sensing results, including periodic-based partial sensing results (if applicable).
· FFS TA, TB (including the possibility of equal to zero, positive or negative) and remaining details (in particular, whether there should be exclusion of slots, changes in TA/TB values for different purposes, etc.)
· FFS whether n can be replaced by e.g., index of some of Y candidate slots
· FFS condition(s) in which contiguous partial sensing is performed by UE
· FFS interaction with SL-DRX, if any
· FFS interaction with periodic-based partial sensing, if any
· Other options are not precluded 
· Note: This option is not to replace random resource selection only without sensing or re-evaluation and pre-emption checking
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