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1 Introduction

The power saving SI of RAN2 part was complete in RAN2#106 meeting. The power saving WI was started since RAN plenary #83 with the objectives focusing on RAN1 and RAN4 parts, which is shown in the  Annex. In this paper, we provide our views on the scope of power saving WI based on the recommendation from RAN2 study item.
2 Possible objectives of the WI scope
2.1 Regarding paging

RAN2 has made some progress on the paging enhancements for power saving during the SI, as shown below:

The WUS related paging will be down-prioritized in RAN2 for now.  RAN2 can discuss if further evaluations are required after RAN1 progresses on their discussions.  
RAN2 will consider extending the DRX cycle length to 10.24 in idle and inactive mode. RAN2 will not study increasing it above 10.24s in this SID
Define PS specific rule for DRX cycle determination in IDLE and INACTIVE, in the presence of different DRX cycle configuration (e.g. UE specific and default).  Aim at reusing existing mechanism (e.g. eDRX).  FFS how it is enabled.

DRX cycles are decided by network based on UE presence indications. Aim at reusing existing mechanism (e.g. eDRX).
RAN2 has no consensus on false alarm paging
There are three aspects were discussed regarding power saving for paging:

· WUS related paging, i.e., whether UE monitoring paging depends on WUS;

· Extended DRX cycle in idle and inactive mode;

· False alarm paging;

RAN2 did not make consensus on the whether to specify WUS related paging and false alarm paging. So, in our view, these two aspects can be down-prioritized considering the power saving WI should focus on RRC connected states. For the aspect of extending DRX cycle, it’s not clear how to enable power saving specific rule for DRX cycle determination in the presence of different DRX cycle configuration. Besides, some concerns may come from that the rule may have impacts on non-power saving UEs. So, in general, we don't think the power saving WI should include paging related enhancements. 
Proposal 1 Paging related enhancements for power saving are NOT included in the power saving WI scope.

2.2 Regarding RRC Connected state power saving

2.2.1 WUS (i.e., PDCCH based power saving signal/channel for wake-up purpose)
The current power saving WI scope can be kept as it is for the WUS design. For higher layer impacts, some aspects were considered during the SI phase:
· As captured in TR 38.840, WUS is only configured when DRX is configured. In WI phase, this assumption should be confirmed.

· It’s also agreed that WUS can be used to indicate the UE to monitor or skip the PDCCH. There are two understandings on how to use WUS. The first is UE wakes up based on the presence/absence of the WUS, the other one is that UE wakes up based on the explicit indication in DCI of WUS. It’s better to clarify the correct understanding on how to use the WUS.
· It’s agreed to address the behaviour when WUS monitoring occasion collides with Active Time due to other triggers than drx-onDurationTimer. 
· It’s also agreed to address the UE behaviour in case of mis-detection of WUS.
Proposal 2 Specify WUS and possible impacts on higher layer considering the above aspects.
2.2.2 DCI-based PDCCH skipping

In RAN2 #106, RAN2 made the following agreements:

1
RAN2 cannot reach consensus on the benefit of PDCCH skipping and will defer to the plenary for a final decision

2
RAN2 cannot reach consensus on the benefit of using PDCCH skipping without C-DRX 
RAN1 has studied the feature of DCI-based PDCCH skipping, and it’s shown some power saving gain based on system level simulation:
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It’s concluded that the UE power consumption can be reduced when the number of UE PDCCH monitoring occasions and/or the number of PDCCH blind decoding is reduced. During the power saving SI phase of RAN2, it’s concluded that DCI-based PDCCH monitoring skipping is aimed to operate on a short time scale (i.e. shorter time scale than the L2 DRX). Under this condition, it has not been identified that DCI-based PDCCH monitoring skipping duplicates the DRX functionality. Besides, there is no consensus on the benefits using PDCCH skipping without DRX.

Since this feature was introduced in RAN1, and power saving gain was observed by reducing number of PDCCH monitoring occasions. We think this feature can be included in the power saving WI scope and it should be specified with minimum impacts on MAC layer procedures. The working scope of DCI-based PDCCH skipping can be included at least in RAN1 based on the SI conclusion.
Proposal 3 Specify DCI-based PDCCH skipping with minimum impacts on MAC layer procedures.

2.2.3 Others
Besides, as also recommended by RAN2, the following enhancements for CA/DC case were captured in TR 38.840:

· Power consumption gains can be achieved in CA configuration by reducing PDCCH monitoring in SCells. UE’s power consumption can be saved in CA configuration by reducing PDCCH monitoring on activated SCells, which can be achieved by monitoring PDCCH less often and/or on fewer SCells.  Details of such mechanisms can be further discussed in the WI phase. 

· Methods for reducing power consumption in DC configuration (EN-DC in particular) should also be supported. Possible such methods can leverage UE’s active link in one cell group to reduce power consumption of the other cell group (e.g. FR2 based).
Proposal 4 Power saving schemes should be specified considering CA/DC configurations. 

During the study item, adaptation in the frequency domain has shown significant power saving gain. The promising direction includes BWP operation enhancement such as enhanced BWP switching and enhanced CSI measurement and reporting. In Rel-15, DCI based and timer controlled-BWP switching have been supported. For further power saving, BWP switching could be triggered by the power saving signal/channel outside the DRX active time therefore a suitable BWP can be used when the UE enters the DRX active time. 
In Rel-15, the UE can only perform CSI-RS measurement within the current active BWP. The channel condition for the target BWP is unavailable before BWP and during BWP switching thus the transmission efficiency is low before the CSI report is available after BWP switching. Therefore, one possible way to improve the transmission performance and save power is to enhance the CSI measurement during BWP switching. The UE is allowed to measure the CSI and perform BWP switching at the same time. 

Proposal 5 Enhanced BWP switching based on WUS triggering should be considered. 

2.3 RRM measurement for power saving 

During the study item, power consumption reduction in RRM measurements was studied in both time domain and frequency domain. Further, it’s agreed from higher layer point view that the RRM measurement relaxation for serving cell is down-prioritized. It has shown that for UE’s with low mobility and/or good channel condition, it’s beneficial to perform RRM measurement relaxation by allowing measurements with longer intervals.
Proposal 6 RRM measurement period could be relaxed for power saving purpose. 

3 Conclusion

Based on the discussion we propose the following:
Proposal 1
Paging related enhancements for power saving are NOT included in the power saving WI scope.
Proposal 2
Specify WUS and possible impacts on higher layer considering the above aspects.
Proposal 3
Specify DCI-based PDCCH skipping with minimum impacts on MAC layer procedures.
Proposal 4
Power saving schemes should be specified considering CA/DC configurations.
Proposal 5
Enhanced BWP switching based on WUS triggering should be considered.
Proposal 6
RRM measurement period could be relaxed for power saving purpose.


4 Annex (
RP-190727)
· 4
Objective

· 4.1
Objective of SI or Core part WI or Testing part WI

The objective is to specify the UE power saving techniques with UE adaption in achieving UE power saving.  The power saving technique should address latency and performance in NR as well as network impact.  The objective of the UE power saving includes the following,
1) Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4] 

a) Specify the power saving techniques with power saving signal/channel 
i) Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED

ii) Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2

iii) Note: Any change of PDCCH channel coding and payload interleaver  is not in the scope

b) Specify the procedure of cross-slot scheduling power saving techniques  
i) Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure

2) Evaluate the required switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers [RAN4]
a) Note: Switching on/off the RF is part of the evaluation
Note: 

· These objectives are RAN1/RAN4 focus and do not consider RAN2 impact. 

·  The objectives are subject to further update in RAN#84.  The update will be based on recommendations from the completion of RAN2 study and remaining RAN1 recommendations based on the conclusion of RAN1 study.
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