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1. Introduction

In RAN#88e, WI for NR sidelink enhancement has been approved. Resource allocation for power saving is one of the main objectives as captured from WID for NR sidelink enhancement as below [1].

WID for NR sidelink enhancement (RP-201385)
- Resource allocation enhancement:
▪ 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.
According to the above objectives in WID for NR sidelink enhancement, in this contribution, we seek to present our view on resource allocation for power saving with partial sensing in NR sidelink enhancement.
2. Enhancements for partial sensing
Followings are available resource reservation periods(Prsvp) for LTE full sensing, LTE partial sensing and NR full sensing.

    - LTE full sensing
        - Prsvp_TX: 20ms, 50ms, 100ms, 200ms, ..., 900ms
        - Prsvp_RX: 20ms, 50ms, 100ms, 200ms, ..., 900ms
    - LTE partial sensing
        - Prsvp_TX: 100ms, 200ms, ..., 900ms
        - Prsvp_RX: 20ms, 50ms, 100ms, 200ms, ..., 900ms
    - NR full sensing
        - Prsvp_TX: 0ms, 1ms, 2ms, ..., 99ms, 100ms, 200ms, ..., 900ms
        - Prsvp_RX: 0ms, 1ms, 2ms, ..., 99ms, 100ms, 200ms, ..., 900ms
In LTE partial sensing, Prsvp_TX=20ms/50ms is not used. Therefore, Prsvp_RX always satisfy one of following conditions.

- For Prsvp_RX>100ms, Prsvp_RX is a multiple value of 100ms 
- For Prsvp_RX≤100ms, Prsvp_TX/Prsvp_RX is an integer value (i.e., Prsvp_TX is divided by Prsvp_RX)
However, if all of available resource reservation periods(Prsvp) for NR full sensing are used for NR partial sensing, there are some cases for Prsvp_RX≤100ms that Prsvp_TX/Prsvp_RX is not an integer value (i.e., Prsvp_TX is not divided by Prsvp_RX). 
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Figure 1: Examples for partial sensing with several combinations of Prsvp_TX and Prsvp_RX
For examples, only 20ms, 50ms and 100ms are used for Prsvp_RX≤100ms in LTE partial sensing. And, Prsvp_TX/Prsvp_RX is always an integer value (Prsvp_TX is 100ms, 200ms, ..., or 900ms in LTE partial sensing). As described in Figure 1-(b), sidelink resources from Prsvp_RX which overlapped to candidates of sidelink resources for Prsvp_TX is always captured in each sensing window.
However, if Prsvp_TX/Prsvp_RX is not an integer value, sidelink resources from Prsvp_RX which overlapped to candidates of sidelink resources for Prsvp_TX could not captured in some or all of sensing window. These are described in Figure 1-(c) with Prsvp_TX=100ms and Prsvp_RX=40ms/80ms.

Furthermore, in NR, a logical value P'rsvp_TX/P'rsvp_RX could not be an integer value even though a physical value Prsvp_TX/Prsvp_RX is an integer value. As an example with Figure 2, Prsvp_TX=100ms and Prsvp_RX=50ms. N=11 for following equation.
- P'rsvp =┌N/20msⅹPrsvp┐
In this case, P'rsvp_TX=55 and P'rsvp_RX=28, a logical value P'rsvp_TX/P'rsvp_RX=55/28 is not an integer value even though a physical value Prsvp_TX/Prsvp_RX=100/50 is an integer value.

By the above, only multiple values of 20ms could be available for resource reservation periods(Prsvp) to satisfy that P'rsvp_TX/P'rsvp_RX is an integer value.
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Figure 2: Examples for partial sensing to compare between Prsvp_TX/Prsvp_RX and P'rsvp_TX/P'rsvp_RX
Observation 1:
Compare to LTE, by new resource reservation periods(Prsvp) for NR full sensing, P'rsvp_TX/P'rsvp_RX could not be an integer value (i.e., P'rsvp_TX is not divided by P'rsvp_RX).
- if P'rsvp_TX/P'rsvp_RX is not an integer value, sidelink resources from P'rsvp_RX which overlapped to candidates of sidelink resources for Prsvp_TX could not be captured in some or all of sensing window with LTE partial sensing principle.
To solve above problems, some restrictions on resource reservation periods(Prsvp) by network configurations could be applied. Similar to LTE for P2X UEs, only multiple values of 100ms and/or multiple values of 20ms may be used for Prsvp_TX.. Therefore, in following agreement noted in RAN1#105-e meeting, only values satisfying "P'rsvp_TX/P'rsvp_RX=integer value"(e.g., common dividers) should be used for the set of Preserve values which restricted to a subset of the (pre-)configured set sl-ResourceReservePeriodList. 

Agreement:

For the set of Preserve values in periodic-based partial sensing, 

- If no (pre-)configuration (i.e., by default), Preserve corresponds to all values from the (pre-)configured set sl-ResourceReservePeriodList.

- Otherwise, a single set of Preserve values can be (pre-)configured, where the set of Preserve values are restricted to a subset of the (pre-)configured set sl-ResourceReservePeriodList
▪ This is per mode 2 Tx resource pool (pre-)configuration

▪ A UE by implementation may also monitor other sl-ResourceReservePeriodList values not part of the restricted subset 

▫ In particular, the UE may additionally monitor occasions corresponding to P_RSVP_Tx

◦ FFS whether the monitoring can be mandatory

For k values in periodic-based partial sensing for resource (re)selection, there is an agreement in RAN1#105-e meeting as below.

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

In LTE principle, k values are indicated by 10 bits bit-map that only Prsvp_TX=100ms is considered for 1000ms widow. On the other hand, A Prsvp_TX value can be various by configured the set of Prsvp values in NR. Other lengths of the 1000ms widow also can be used by configuration. Therefore, 10 bits bit-map cannot be available for NR periodic-based partial sensing. To cover all configured cases, multiple repetitions of 10 bits bit-map should be introduced to indicate k values.
Proposal 1:
For Preserve values and k values in periodic-based partial sensing, 
- Among values satisfying "P'rsvp_TX/P'rsvp_RX=integer value"(e.g., common dividers), the set of Preserve values which restricted to a subset of the (pre-)configured set sl-ResourceReservePeriodList should be (pre)-configured.
- Multiple repetitions of 10 bits bit-map should be introduced to indicate k values.
For random resource selection, there is an agreement in RAN1#106-e meeting as below.

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
Among above options, Option 1 is more preferable if more similar and aligned mechanism to the legacy is considered. Furthermore, between single priority threshold value and range of priority levels, the single priority threshold value is more preferable for simple way to reduce standardization effort and performance impact. Therefore, there is no need for additional application of resource pool partitioning.
Proposal 2:
For random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection, 
- 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.
▪ A single priority threshold value is more preferable, and there is no need for additional application of resource pool partitioning.
3. Conclusion

In this contribution, we discussed and provide our views on resource allocation for power saving with partial sensing in NR sidelink enhancement with following our observation and proposals.
Observation 1:
Compare to LTE, by new resource reservation periods(Prsvp) for NR full sensing, P'rsvp_TX/P'rsvp_RX could not be an integer value (i.e., P'rsvp_TX is not divided by P'rsvp_RX).
- if P'rsvp_TX/P'rsvp_RX is not an integer value, sidelink resources from P'rsvp_RX which overlapped to candidates of sidelink resources for Prsvp_TX could not be captured in some or all of sensing window with LTE partial sensing principle.
Proposal 1:
For Preserve values and k values in periodic-based partial sensing, 
- Among values satisfying "P'rsvp_TX/P'rsvp_RX=integer value"(e.g., common dividers), the set of Preserve values which restricted to a subset of the (pre-)configured set sl-ResourceReservePeriodList should be (pre)-configured.
- Multiple repetitions of 10 bits bit-map should be introduced to indicate k values.
Proposal 2:
For random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection, 
- 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.
▪ A single priority threshold value is more preferable, and there is no need for additional application of resource pool partitioning.
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