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Introduction

At RAN#90e, a WI on Rel-17 NR sidelink enhancement was updated, and the updated WI has the following objective related to power saving in sidelink [1]:

	· 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.



At RAN1#104e, RAN1 made the following conclusions and agreements [2].

	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 periodic sensing occasion, 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 is selected according to (down select to one)
· Option 1: Only the most recent sensing occasion 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 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



In this contribution, we discuss our views on resource allocation to reduce power consumption of UEs.


Discussion
During the discussion of the scope for Rel-17 NR sidelink enhancement, there were a lot of proposals related to commercial usage. In the WID [1], it was captured that “In dealing with different use cases in the evolution of NR sidelink, WGs should strive to achieve maximum commonality between commercial, V2X, and Critical Communication usage of sidelink in order to avoid duplicated solutions and maximize the economy of scale.”

In Rel-14 LTE sidelink, power saving schemes have been supported for a pedestrian UE with limited battery by stopping or reducing sensing for sidelink transmission. The pedestrian UE is mainly assumed to be a smartphone. Obviously, the smartphone could also be used for commercial use cases, e.g. for sidelink relay and in a personal IoT network. Therefore, power saving schemes should basically be common at least between the pedestrian use case in V2X and the commercial use case.

Proposal 1: A power saving scheme should be basically common at least between the pedestrian use case in V2X and the commercial use case.


At RAN1#103e, it was agreed that both RA schemes based on random resource selection and partial sensing are supported as power saving schemes for Rel-17 NR SL. Random resource selection can be used for a pedestrian UE which is not capable of sidelink reception. Such a kind of UE will transmit only broadcast packets relating to its own location and direction. Partial sensing can be configured for a pedestrian UE which is capable of sidelink reception. In partial sensing, only a subset of the subframes in a typical 1000 ms sensing window can be monitored. The UE implementation can choose how many / few subframes it wishes to monitor, by trading off the reliability of its transmissions with the power saving, subject to monitoring a (pre-)configured minimum number.

Assuming a smartphone that supports Rel-17 NR sidelink for e.g. a sidelink relay and a personal IoT network, the UE would support not only sidelink transmission but also sidelink reception. Such a kind of UE should use partial sensing. On the other hand, some wearable sensors for heart rate or body temperature may transmit data to a smartphone on the sidelink, and they may not have to support sidelink reception. Considering such kinds of commercial use UE, support of random resource selection would be beneficial for Rel-17 NR sidelink. Therefore, both random resource selection and partial sensing should be supported for sidelink power saving. In addition, the same scheme as in Rel-14 LTE sidelink should be reused as much as possible to reduce specification effort.

Proposal 2: Both random resource selection and partial sensing for Rel-14 LTE sidelink should be reused for the NR sidelink power saving scheme as much as possible.


For reusing power saving schemes for Rel-14 LTE sidelink, we think some newly introduced functionalities in Rel-16 NR sidelink would be beneficial to improve the performance of the random resource selection and partial sensing. We discuss some functionalities to be supported in Rel-17 NR sidelink below.


Enhancement for partial sensing based RA
HARQ operation for partial sensing

LTE sidelink has supported only broadcast transmission while NR sidelink supports not only broadcast but also unicast and groupcast. HARQ feedback has been introduced to improve the communication reliability for unicast and groupcast in NR sidelink. Even for power saving devices, unicast and groupcast communication should be supported in Rel-17 sidelink considering the wearable devices etc. Since partial sensing reduces sensing slots for the purpose of power saving, reliability would be affected due to a collision with other sidelink communication. However, HARQ feedback could improve the reliability, therefore HARQ feedback should be supported for partial sensing.

Proposal 3: HARQ feedback in unicast and groupcast should be supported for partial sensing in Rel-17.

Though it was agreed at RAN1#104e that “it is up to UE implementation to determine a set of Y candidate slots within a resource selection window”, there is still FFS about any restrictions to determine the Y candidate slots. As far as we are concerned, HARQ related parameters, such as the maximum number of HARQ (re)transmissions and minimum time gap between two selected resources of a TB, should be taken into account when deciding the candidate slots. For example, as detailed in Fig. 1, the number of candidate/ periodic-based partial sensing slots can be adjusted according to the different maximum numbers of HARQ (re)transmissions. A general design principle is, the larger the maximum number of HARQ (re)transmissions, the more periodic-based partial sensing/candidate slots are needed. It is worth noting that those candidate slots may be located in not only just one (re)selection window, but also several (re)selection windows for the same TB.


  
Fig. 1(a): Partial sensing/candidate slots when maximum number of HARQ (re)transmissions = 4


 
Fig. 1(b): Partial sensing/candidate slots when maximum number of HARQ (re)transmissions = 2

Rel-16 NR sidelink supports a minimum time gap Z between any two selected resources of a TB where a HARQ feedback for the first of these resources is expected [3]. If HARQ feedback is supported in partial sensing, the minimum time gap Z can be considered when choosing suitable candidate slots in the selection window, and it may further influence the periodic-based partial sensing slots. As demonstrated in Fig. 2, if we assume candidate slots are continuous in the time domain, the number of periodic-based partial sensing/candidate slots can be adjusted according to different minimum time gaps Z. A general design principle is that the larger minimum time gap Z, the more partial sensing/candidate slots. As demonstrated in Fig. 3, if we assume candidate slots are discontinuous in the time domain, a general design principle is that the larger minimum time gap Z, the larger time gap between the first and last candidate slots (or the time gap between two candidate slot sets) is needed. It is worth noting that those candidate slots may be located in not only just one (re)selection window, but also several (re)selection windows for the same TB.


  
Fig. 2(a): Partial sensing/candidate slots when Z = 4 slots (continuous candidate slots)


  
Fig. 2(b): Partial sensing/candidate slots when Z = 6 slots (continuous candidate slots)


 

Fig. 3: Partial sensing/candidate slots when Z = 6 slots (discontinuous candidate slots)
By those methods aforementioned, the power consumed by a Tx UE can be further saved while guaranteeing communication reliability at the same time.  

Proposal 4: Partial sensing/candidate slots should be determined based on HARQ related parameters. 

In LTE sidelink, non-feedback HARQ is enabled, and the power saving UEs need to decide candidate slots and associated periodic-based partial sensing slots for initial transmission and retransmission of a specific TB. The maximum number of HARQ (re)transmissions (denoted as Hmax) can be (pre-)configured up to 2. By contrast, it was agreed at the RAN1#98 meeting that NR sidelink can support up to 32 HARQ (re)transmissions. If we reuse the current method in the LTE sidelink, namely deciding periodic-based partial sensing slots for all Hmax transmissions, the total number of periodic-based partial sensing slots may be relatively large when Hmax is also relatively large. As detailed in [4], it is clear that the power consumption of sensing occupies the largest proportion of total power consumption in groupcast and unicast scenarios. If we can limit the number of partial sensing slots for HARQ transmissions of each TB, the power consumption can further be reduced. For instance, as demonstrated in Fig. 4, power saving UEs can decide periodic-based partial sensing slots only for the first Qmax HARQ transmissions (Qmax < Hmax). It was agreed at RAN1#104e meeting that contiguous partial sensing (or short-term partial sensing) is supported, which can be used to decide resources for the remaining Hmax - Qmax possible HARQ retransmissions.


  
Fig. 4: Partial sensing slots only for first Qmax = 2 HARQ transmissions
Proposal 5: RAN1 needs to discuss whether UE should decide partial sensing/candidate slots for all possible HARQ (re)transmissions of the same TB.

Pre-emption and re-evaluation

In addition to the HARQ feedback, pre-emption and re-evaluation have been specified as new functionalities for Rel-16 NR sidelink, and they can improve communication reliability for mode 2 UE. Since a partial sensing UE has both TX and RX capabilities for sidelink communication, it would be straightforward for the partial sensing UE to support pre-emption and re-evaluation which can clearly improve the communication reliability. Therefore, it was agreed at RAN1#103-e that re-evaluation and pre-emption checking are supported by power saving UEs that perform sensing. Different from full sensing UEs, partial sensing UEs in LTE sidelink only select resources in candidate slots in the selection window. When the resource reserved by a partial sensing UE is pre-empted by other high priority UEs, the partial sensing UE needs to reselect new available resources in the (re)selection window. However, it has two different options here.
· Option 1: In the (re)selection window, the partial sensing UE can reselect resources only in candidate slots.
· [bookmark: _Hlk61533822]Option 2:  In the (re)selection window, the partial sensing UE can reselect resources in noncandidate slots. 
For option 1, as demonstrated in Fig. 5, when pre-emption is detected, if we continue restricting that reselected resources should be located in remaining candidate slots, the number of available resources may be very limited (e.g. lower than min Y). Collisions can happen with a high probability, resulting in a negative influence on the partial sensing UE. 
As for option 2, when pre-emption is detected, if the number of available candidate resources in the (re)selection window is very limited (e.g. candidate slots lower than min Y), the partial sensing UE may select resources from noncandidate slots. By this method, we can avoid the embarrassing situation due to limited remaining resources discussed above with reference to option 1. However, selecting resources in noncandidate slots may result in more collisions, and more discussion should be conducted if option 2 is adopted. For example, as contiguous partial sensing (or short-term partial sensing) was agreed at the RAN1#104e meeting, sensing results of contiguous partial sensing (or short-term partial sensing) can be used for selecting resources in those noncandidate slots. It is worth noting that candidate slots or noncandidate slots mentioned here are defined by periodic-based partial sensing slots.
Proposal 6: RAN1 should discuss whether a partial sensing UE can select resources in noncandidate slots defined by periodic-based partial sensing slots.


  

Fig. 5: the limited candidate slots in re-selection window when pre-emption is detected.


Coexistence of different RA schemes in a resource pool
At RAN1#103e, it was agreed that an 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. One of the discussion points on this topic would be how to manage collisions when the same resource pool is shared among UEs based applying different RA schemes. In LTE SL, specific schemes to manage such collisions have not been supported although LTE SL has also supported shared resource pools among UEs based on different RA schemes. Therefore, it has not been easy to share the same resource pool due to the collisions. We think that resource pool sharing is important in terms of effective resource utilization and a solution for the issue is necessary to facilitate the sharing. We propose to introduce a set of resources not to be used for SL transmission within a resource pool for a UE. Furthermore, whether the resource can be used or not can depend on a priority of the SL transmission. For example, a non-sensing or partial sensing UE can be configured with a set of resources not to be used for low priority SL transmission, but the configured resources could be used for high priority SL transmission.

Proposal 7: a UE is configured with a set of resources not to be used for SL transmission within a resource pool.

When a sensing UE and non-sensing UE coexist in the same resource pool, RAN1 should consider pre-emption operation. If a sensing UE with higher priority pre-empts the resources reserved by non-sensing UEs (non-sensing UEs may perform random resource selection), non-sensing UEs cannot detect the pre-emption, and collisions may happen. Therefore, as a solution to this problem, pre-emption for resources reserved by non-sensing UE should be restricted in the case of the coexistence of sensing UEs and non-sensing UEs in the same resource pool. For example, an indicator can be signaled in the SCI to indicate that the resource is reserved by non-sensing UEs.

Proposal 8: pre-emption for resource reserved by non-sensing UEs is restricted in the case of coexistence of sensing UEs and non-sensing UEs in the same resource pool.


Inter-UE coordination for power saving
In another AI, RAN1 will discuss the feasibility and benefit of enhancements to mode 2 using inter-UE coordination. According to the WID, inter-UE coordination has been described as “A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.” If this UE-B isn’t required to perform any sensing or can reduce the sensing as compared to full sensing, UE-B can reduce its power consumption in terms of the sensing. Therefore, inter-UE coordination could reduce power consumption.

Proposal 9: Inter-UE coordination is supported for power consumption reduction.


SL-DRX in power saving RA schemes
In Rel-17 sidelink enhancement, a sidelink DRX has been introduced for power saving. RAN2 has specified the sidelink DRX while RAN1 has specified power saving RA schemes. The DRX operation in the sidelink could affect resource sensing and selection operations for sidelink transmission. For example, during the OFF state of the sidelink DRX, a UE will not be able to perform resource sensing for a sidelink transmission. For resource selection for sidelink transmission with a DRX-based sensing operation, the UE should exclude those resources that were not monitored during the OFF state.

Proposal 10: For resource selection, UE should exclude resources which it has not monitored during the OFF state of sidelink DRX operation in a resource sensing window.

For a partial sensing RA scheme, a sensing window could be determined by a UE according to UE implementation, based on RRC (pre-)configuration. To perform effective sensing operation (i.e. to avoid meaningless sensing window during DRX OFF state or meaningless DRX ON state without a sensing operation), a UE operating based on a partial sensing RA scheme should determine a partial sensing window considering an ON state of DRX operation.

Proposal 11: a UE based on partial sensing RA scheme should determine a partial sensing window considering an ON state of DRX operation.


Conclusion

Proposal 1: A power saving scheme should be basically common at least between the pedestrian use case in V2X and the commercial use case.

Proposal 2: Both random resource selection and partial sensing for Rel-14 LTE sidelink should be reused for the NR sidelink power saving scheme as much as possible.

Proposal 3: HARQ feedback in unicast and groupcast should be supported for partial sensing in Rel-17.

Proposal 4: Partial sensing/candidate slots should be determined based on HARQ related parameters. 

Proposal 5: RAN1 needs to discuss whether UE should decide partial sensing/candidate slots for all possible HARQ (re)transmissions of the same TB.

Proposal 6: RAN1 should discuss whether partial sensing UE can select resources in noncandidate slots defined by periodic-based partial sensing slots.

Proposal 7: a UE is configured with a set of resources not to be used for SL transmission within a resource pool.

Proposal 8: pre-emption for resource reserved by non-sensing UEs is restricted in the case of coexistence of sensing UEs and non-sensing UEs in the same resource pool.

Proposal 9: Inter-UE coordination is supported for power consumption reduction.

Proposal 10: For resource selection, UE should exclude resources which it has not monitored during the OFF state of sidelink DRX operation in a resource sensing window.

Proposal 11: a UE based on partial sensing RA scheme should determine a partial sensing window considering an ON state of DRX operation.
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