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Introduction
This contribution shows our considerations on the further enhancements for UE power saving for R18.

Connected state
In R16 and R17, power saving techniques for connected state have been specified widely, including time domain techniques (WUS for C-DRX, cross-slot scheduling and PDCCH skipping), frequency domain techniques (SCell dormancy). We found some leftovers and enhancements could be considered in R18.

Secondary DRX group
Secondary DRX group was introduced in R16, which can be used for FR2. But now, for simplicity, WUS for connected state can control the primary and secondary DRX group simultaneously. If WUS for connected state can control the primary and secondary DRX group separately, the latency/capacity and the power saving gain can be balanced better. Separately controlling the primary and secondary DRX group by WUS has been proposed as a R17 TEI, but companies cannot achieved the consensus. If this optimization is not specified in R17, it can be specified in R18.
Proposal 1: Consider to specify the enhancements for secondary DRX group in R18.

DRX enhancement for intensive traffic
In R17, intensive traffic is modelled for evaluation of power saving gain. For XR, intensive traffic is a typical type of traffic.
In study of XR, it is found that DRX parameter may not match to data packet arrival dynamically. There were some proposals in XR to support DRX parameter matching to data packet arrival adaptively, e.g. dynamic DRX parameters.
Proposal 2: Consider to specify the enhancements for DRX for intensive traffic in R18.

DRX enhancement for UL dominated traffic
For R18, we see the large requirement of UL dominated traffic, e.g. UL data for IoT devices and live video applications. 
DRX may need to be enhanced for UL dominated traffic. In current spec, if UE sends SR, active time is starting during timer of SR pending. When UE sends SR frequently, duration of the active time will take the large portion of time in connected state. When active time takes the large portion of time of connected state, UE has no chance to monitor WUS for connected state (DCI format 2-6), since UE shall not monitor the WUS within the active time. It can be alleviated by concentrating the active time or allow UE to monitor the WUS during the active time.
Proposal 3: Consider to specify the enhancements for DRX for UL dominated traffic in R18.

PDCCH monitoring reduction for UL dominated traffic
For R18, we see the large requirement of UL dominated traffic, e.g. UL data for IoT devices and live video applications.
For the UL traffic with almost fixed time pattern, configured grant can be used to reduce the PDCCH monitoring. For the UL traffic with random time pattern, dynamic grant should be used in addition to configured grant. For dynamic grant, UE should periodically monitor PDCCH for UL grant. For example, there could be some potential enhancements to reduce the PDCCH monitoring shown as follows.
· Separate DL and UL for search space set. For example, if UL traffic is dominated, gNB can configure the dense PDCCH monitoring for UL search space set. It can be regarded as leftover of R17 power saving.
· Optimize PDCCH monitoring for the large number of CCs in CA. Companies expect R18 supports UL capacity enhancement to some extent. A straightforward way to improve UL capacity is to support large number of UL carriers in CA. When the number of UL carrier in CA is large, PDCCH monitoring may be significantly heavy.
Proposal 4: Consider to specify the enhancements for PDCCH monitoring reduction for UL dominated traffic in R18.

Overlapping with other topics
Power saving may overlap with some other topics shown as follows.
· Overlapping with XR. It is common sense that XR will consume large device energy. The power saving for XR is important feature.
· Overlapping with low-power and high-accuracy positioning. The requirement of low-power and high-accuracy positioning was specified in SA TR. Many companies have shown the interest for this feature. One of important requirements is the low power consumption for positioning. The legacy features can be applied to meet the requirement, such as positioning in idle/inactive state and small data transmission (SDT). The new power saving technique for positioning can be also considered in R18.
· Overlapping with RedCap. It was studied in R17 RedCap that PDCCH monitoring can be further reduced for RedCap UEs. But, it was not specified in R17 RedCap. This feature could be revisited.
· Overlapping with NTN. NTN has large propagation delay. The large propagation delay may need the special UE behavior to stay in sleep state in finer granularity for power saving purpose.
Firstly, we should identify the overlapping points between power saving and the other topics in R18. Secondly, we need to decide whether to specify them in power saving topic or the other topics.
Proposal 5: Identify the overlapping points between power saving and the other topics in R18, and then decide whether to specify them in power saving topic or the other topics.

[bookmark: _Ref494215420]Idle/inactive state
In R17, some power saving techniques are specified, such as paging enhancement and additional TRS/CSI-RS for idle/inactive state UEs. We found some enhancements could be considered in R18.

Paging enhancement in R17
It is common understanding in R17 discussion that power saving gain of the paging enhancement comes from the reduction of wakeup energy overhead, i.e. reduction of the number of SS bursts processed by UE and reduction of duration of light sleep of UE. To reduce wakeup energy overhead, UE can monitor paging early indication (PEI) before monitoring paging occasion. In this way, UE can only process one SS burst per paging cycle and detect the PEI instead of processing three SS bursts and monitoring paging occasion, and UE can only have short duration of light sleep. 

Limitation of power saving gain in R17
In RAN1 evaluation, the power saving gain is limited to about 30%, because UE still has to wake up per paging cycle to process one SS burst for RRM measurement at least for serving cell.
We roughly evaluate R17 PEI in Appendix A.1.

Concept of low-power WUR
[image: ]A low-power WUR (LP-WUR) has been discussed and specified in IEEE [1], which is a separate receiver with very low power consumption and shown in the following figure.
[image: ]Figure 1: LP-WUR in IEEE [2]
Recently, low-power wakeup receiver (LP-WUR) was proposed to be introduced to 3GPP. LP-WUR is a receiver for WUS detection separately from the regular receiver (including SSB receiver, data/control receiver). It may improve the power saving gain at least for idle/inactive state. The WUS used by LP-WUR can be called as low-power WUS (LP-WUS).
Different from WLAN network, periodic RRM measurement is important for mobility in 3GPP cellular network. The regular receiver has to turn on for the periodic RRM measurement in 3GPP cellular network.
In our view, RRM measurement relaxation for serving cell should be enabled to conduct the LP-WUR. Otherwise, UE has to wake up to perform RRM measurement for serving cell per paging cycle, and thus power consumption of processing SS burst and light sleep cannot be saved. In our view, UE behavior for the LP-WUR is like that for NB-IoT/eMTC, where sequence-based WUS and RRM measurement relaxation for serving cell are enabled simultaneously.
We roughly evaluate the power saving gain of the LP-WUS in Appendix A.2. The power saving gain in the rough evaluation is significant.
We also roughly evaluate the power saving gain of R17 PEI in eDRX in Appendix A.3. The intention is to see whether eDRX has comparable power saving gain with the LP-WUS. The power saving gain of R17 PEI in eDRX in the rough evaluation is smaller than that of the LP-WUS.
Observation 1: The power saving gain of the LP-WUS with RRM measurement relaxation for serving cell is considerable compared to R17 PEI.
Since the LP WUS may need the special waveform, we suggest studying them at first. The study can include architectures of the LR-WUR, the corresponding procedures, evaluation methodologies, power saving gain, network overhead etc. Both feasibility and necessity should be addressed.
Proposal 6: Consider to study the low-power WUS in R18, and both feasibility and necessity should be addressed.
In our evaluation assumption, we assume that PEI is configured, and if UE decides to perform RRM measurement, UE will detects PEI. From our evaluation results, the power saving gain is still significant. It says that the LP-WUS can co-exist with R17 PEI in any way. 
The candidate schemes of R17 PEI, such as PDCCH-based PEI, SSS-based PEI and TRS/CSI-RS based PEI, should be down selected in RAN1#106e. In our view, since the LP-WUS can co-exist with R17 PEI, the candidate schemes of R17 PEI can be down selected as well, which is independent of the LP-WUS in future releases.
Observation 2: The candidate schemes of R17 PEI can be down selected as well, which is independent of the LP-WUS in future releases.

Conclusion
We have the following proposals.
Proposal 1: Consider to specify the enhancements for secondary DRX group in R18.
Proposal 2: Consider to specify the enhancements for DRX for intensive traffic in R18.
Proposal 3: Consider to specify the enhancements for DRX for UL dominated traffic in R18.
Proposal 4: Consider to specify the enhancements for PDCCH monitoring reduction for UL dominated traffic in R18.
Proposal 5: Identify the overlapping points between power saving and the other topics in R18, and then decide whether to specify them in power saving topic or the other topics.
[bookmark: _GoBack]Proposal 6: Consider to study the low-power WUS in R18, and both feasibility and necessity should be addressed.
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Appendix
A.1  Example 1: R17 PEI
Example 1 is the evaluation for power saving gain of R17 PEI.
The corresponding UE processing timeline is listed as follows.
· If paging cycle is 1.28s, and
· UE stay deep sleep during 1240ms (in average), and
· UE has 90% probability (group-paging-rate 10%) with processing timeline {1 transition, 1 SS burst, 1 PEI and 20ms light sleep} in a paging cycle, and 
· UE has 10% probability with processing timeline {1 transition, 3 SS bursts, 1 PEI, 1 PO and 60ms light sleep} in a paging cycle.
The timeline in the above assumptions can be shown in the following figure.
[image: ]
Figure 2: UE processing timeline with R17 PEI
The power consumption can be evaluated roughly as follows.
· 1240 power unit, and
· 100+50+50+20*20=600 power unit for 90% probability, or
· 100+3*50+50+120+60*20=1620 power unit for 10% probability.
The baseline power consumption (without paging enhancement) is 2860 (1240+1620) power unit per paging cycle. The power consumption of Example 1 is about 1942 (1240+600*0.9+1620*0.1) power unit per paging cycle. The power saving gain of Example 1 over the baseline power consumption is about (2860-1942)/2860≈32%.

A.2  Example 2: LP-WUS
Example 2 is the evaluation for power saving gain of the LP WUS.
For the LP WUS, in addition to RAN1 power model, we assume that
· UE consumes 0.001 power unit for deep sleep by using the LP-WUR, and 
· consumes 5 power unit for processing the LP-WUS (including the transition from deep sleep to the detection of the LP-WUS, if any), and also
· we assume UE performs one RRM measurement for serving cell for every four paging cycles. 
The corresponding evaluation assumptions are listed as follows.
· Paging cycle is 1.28s, and
· UE stay deep sleep during 1240ms (in average), and
· UE has 67.5% (90%*3/4) probability to process {1 LP-WUS} in a paging cycle, or 
· UE has 22.5% (90%*1/4) probability to process {1 transition, 1 SS burst, 1 PEI and 20ms light sleep} in a paging cycle, or 
· UE has 10% probability to process {1 transition, 1 SS bursts, 1 PEI, 2 SS bursts, 1 PO and 60ms light sleep} in a paging cycle.
The timeline in the above assumptions can be shown in the following figure.
[image: ]
Figure 3: UE processing timeline with the LP-WUS and R17 PEI under RRM measurement relaxation for serving cell
In the above assumptions, we assume that PEI is configured in the network, and if UE decides to perform RRM measurement, UE will detect PEI since UE can perform T/F tracking by SS burst. 
If PEI is not configured in the network, the last two assumptions in the above assumptions can be changed to:
· UE has 22.5% probability to process {1 LP-WUS, 1 transition, 1 SS burst and 20ms light sleep} in a paging cycle, or
· UE has 10% probability to process {1 LP-WUS, 1 transition, 3 SS bursts, 1 PO and 60ms light sleep} in a paging cycle. 
It can be seen that if PEI is not configured, PEI detection can be ignored, and the power consumption is similar. For simplicity of evaluation, we assume PEI is configured.
The power consumption can be evaluated roughly as follows.
· 1.240 power unit, and
· 5 power unit for 67.5% probability, or
· 100+50+50+20*20=600 power unit for 22.5% probability, or
· 100+3*50+50+120+60*20=1620 for 10% probability. 
The baseline power consumption (without paging enhancement) is 2860 (1240+1620) power unit per paging cycle. The power consumption of Example 2 is about 302 (1.24+5*0.675+600*0.225+1620*0.1) power unit per paging cycle. The power saving gain of Example 2 over the baseline power consumption is about (2860-302)/2860≈89%.

A.3  Example 3: R17 PEI in eDRX
Example 3 is the evaluation for power saving gain of R17 PEI in eDRX.
The corresponding UE processing timeline is listed as follows.
· If paging cycle is 5.12s, and
· UE stay deep sleep during 5080ms (in average), and
· UE has 90% probability  with processing timeline {1 transition, 1 SS burst, 1 PEI and 20ms light sleep} in a paging cycle, and 
· UE has 10% probability with processing timeline {1 transition, 3 SS bursts, 1 PEI, 1 PO and 60ms light sleep} in a paging cycle.
The power consumption can be evaluated roughly as follows.
· 5080 power unit, and
· 100+50+50+20*20=600 power unit for 90% probability, or
· 100+3*50+50+120+60*20=1620 power unit for 10% probability.
The baseline power consumption (without paging enhancement) is 11440 (2860*4) power unit per eDRX cycle. The power consumption of Example 3 is about 5782 (5080+600*0.9+1620*0.1) power unit per eDRX cycle. The power saving gain of Example 3 over the baseline power consumption is about (11440-5782)/11440≈49%.
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