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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.
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Figure 1: Resource allocation for full sensing
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Figure 2: Resource allocation for partial sensing based on LTE principle
Figure 1 describes a resource allocation for full sensing. And, Figure 2 describes a resource allocation for partial sensing based on LTE principle. In partial sensing with Figure 2, only differences from LTE are 1) slot based allocation (subframe based allocation in LTE) and 2) interval Pa to determine several sensing widows (Pstep(=100ms) in LTE is not used).
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Figure 3: Examples for resource exclusion in full sensing
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Figure 4: Examples for resource exclusion in partial sensing based on LTE principle
Figure 3 describes examples for resource exclusion in full sensing. For examples in Figure 3, T1=n+10ms, T2=n+70ms, Prsvp_TX=20ms/100ms, and Prsvp_RX=20ms/100ms. The step of resource exclusion in full sensing is specified as below [2].

	6) The UE shall exclude any candidate single-slot resource Rx,y from the set SA if it meets all the following conditions:

a) the UE receives an SCI format 1-A in slot tSLm and prioRX, respectively according to Clause 16.4 in [6, TS 38.213];
, and "Resource reservation period" field, if present, and "Priority" field in the received SCI format 1-A indicate the values Prsvp_RX
b)
the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 1-A, is higher than Th(prioRX);

c)
the SCI format received in slot tSLm P'rsvp_RX for q=1, 2, …, Q and j=0, 1, …, Cresel-1. Here, determines according to clause 8.1.5 the set of resource blocks and slots which overlaps with Rx,y+jⅹP'rsvp_RXor the same SCI format which, if and only if the "Resource reservation period" field is present in the received SCI format 1-A,  is assumed to be received in slot(s) tSLm+qⅹP'rsvp_RX  is Prsvp_RX  converted to units of logical slots according to clause 8.1.7, Q=┌Tscal/Prsvp_RX┐ if tSL, where  Prsvp_RX< Tscal and n'-m< P'rsvp_RXn'=n if slot n belongs to the set (tSL0, tSL1, ..., tSLTmax)tSL, otherwise slot n'
 is the first slot after slot n belonging to the set tSL(0, tSL1, ..., tSLTmax)
; otherwise Q=1.  Tscal is set to selection window size T2 converted to units of ms.


Figure 4 describes examples for resource exclusion in partial sensing based on LTE principle. For examples in Figure 4, T1=n+10ms, T2=n+70ms, Y=n+20ms~n+50ms, Prsvp_TX=100ms, and Prsvp_RX=20ms/100ms. In LTE, Prsvp_TX=20ms/50ms is not used (see SL-RestrictResourceReservationPeriodList in [3]). 
3. 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 5: 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 5-(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 5-(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 6, 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.

[image: image32.png]Prrp c=100ms, Py =55
Prvp = 50ms, Py 528 (-

[ T I W TR e TR T

[ T T T T e T T

Selection/Reselection




Figure 6: 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 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.. However, for Prsvp_RX, restrictions on resource reservation periods(Prsvp) for P2X UEs by network configurations could be challengeable because of legacy V2X UEs.
For the other method, additional partial sensing mechanism to cover the cases that P'rsvp_TX/P'rsvp_RX is not an integer value (i.e., P'rsvp_TX is not divided by P'rsvp_RX) could be introduced.
Proposal 1:
To cover the cases that P'rsvp_TX/P'rsvp_RX is not an integer value in NR partial sensing, further study for some restrictions on resource reservation periods(Prsvp) by network configurations and/or additional partial sensing mechanism should be needed.
4. 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 proposal.
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 P'rsvp_TX could not captured in some or all of sensing window with LTE partial sensing principle.
Proposal 1:
To cover the cases that P'rsvp_TX/P'rsvp_RX is not an integer value in NR partial sensing, further study for some restrictions on resource reservation periods(Prsvp) by network configurations and/or additional partial sensing mechanism should be needed.
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