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1 Introduction

The power saving WI started after RAN plenary #83 with the objectives on RAN1 and RAN4. More items with RAN2 part updated WID after RAN plenary #84. In this paper, we provide our views on the scope of power saving WI based on the further progress of the work item.
2 Working scope consideration
In last plenary meeting, we had discussed candidates of Power Saving technologies. Some of the standardization points were included. UE indication of transition out of RRC_CONNECTED state, RRM relaxation and UE assistant information for RAN2 were newly included to the WID. MIMO layer adaptation for Power Saving is also included for RAN1.
However, some of the candidates of Power Saving technologies are not included. They are partially due to inconsistent conclusions from RAN1 and RAN2. In addition, there are different understandings of the conclusions. We agreed to revisit the issues in the plenary if those are not solved until September.
2.1 PDCCH reduction technologies

As covered in the TR of power saving SI, there were several technologies been concluded or related to the agreed technologies. Those can reduce more dynamically on the PDCCH monitoring and then bring power saving benefit. 
2.1.1 DCI-based PDCCH skipping

RAN1 has studied the multiple candidate technologies for power saving. DCI-based PDCCH skipping is one of them, and it shown power saving gain by the agreed evaluation methodology. 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. Thus, the TR clearly concludes that a number of technologies have shown power saving benefit.

Including:

-
The power saving schemes for dynamic adaption of UE PDCCH monitoring shows 5% - 85% power saving gains with the latency increase/UPT degradation in the range of (0% - 115%)/( 5%-  43%). 
However, there is more discussion later in RAN2 #106, and the conclusion is:

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 
The RAN2 conclusion is understood as no consensus results for RAN2 perspective. The PDCCH skipping in RAN2 is not same as the techniques already discussed and concluded in RAN1. Thus, it is still considerable to standardize the scheme. 

The feature was proof with gain in RAN1 perspective, also by sources in the Annex. We think this feature can be included in the power saving WI scope at least as a L1 mechanism. It can be specified with minimum impacts on MAC layer procedures, to avoid potential conflict with RAN2 study. The updated working scope should clearly state the restriction by the description of objectives.
Proposal 1 Specify DCI-based PDCCH skipping with minimum impacts on MAC layer procedures.
2.1.2 PDCCH monitoring periodicity adaptation

Power saving WI has done major works on supporting cross-slot scheduling. Cross-slot scheduling is trying to reduce the reception and processing by doing them discontinuously. However, power efficiency is not maximized when the cross-slot scheduling is enabled and PDCCH have to be monitored in every slot. In the case, the PDCCH-to-PDSCH processing is only saved in power consumption by cross-slot scheduling. Unchanged PDCCH search space monitoring periodicity will results in unnecessary power consumption
The key problem is that the power saving effect is not maximized due to the RX for DL (PDCCH or PDSCH) is turned on in most of time. 

Instead, we can consider restricting the PDCCH monitoring periodicity in cross-slot scheduling, e.g. when we triggering cross-slot scheduling, we do monitoring of PDCCH every other slot or ever other number of slots.
We propose to support a scheme to allow that cross-slot scheduling is switched with the corresponding monitoring periodicity.
Proposal 2 Specify a scheme to allow that cross-slot scheduling is switched with the corresponding monitoring periodicity.
2.2 WUS triggering
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 has 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 3 Enhanced BWP switching based on WUS triggering should be considered. 
2.3 MIMO layer adaptation 

In power saving study item, RX/TX layer adaptation was heavily discussed. In more common study from number of companies’ source, the RX reduction will definitely give the gain. Thus, it is natural to include DL MIMO layer adaptation into the WI scope. 

However, the last meetings update is not clear about the MIMO layer adaption will also include UL MIMO. In addition of lack of study for UL MIMO layer adaptation study in SI, there is no clear motivation to consider UL MIMO layer adaptation for the perspective of power saving. 

Base on the above consideration, we suggest clarifying the scope is only for DL MIMO. And, for DL MIMO, we already had agreement in RAN1 to support per-DL-BWP configuration of maximum number of DL MIMO layers. And we also had some major signaling details decided by RAN2. Thus, we can consider the sub-item is mostly finished In the WI.
Proposal 4 The WID clarify the scope for MIMO layer adaptation is only for DL MIMO. We consider the sub-item is mostly finished in the WI.
3 Conclusion

Based on the discussion we propose the following:
Proposal 1
Specify DCI-based PDCCH skipping with minimum impacts on MAC layer procedures.
Proposal 2
Specify a scheme to allow that cross-slot scheduling is switched with the corresponding monitoring periodicity.
Proposal 3
Enhanced BWP switching based on WUS triggering should be considered.
Proposal 4
The WID clarify the scope for MIMO layer adaptation is only for DL MIMO. We consider the sub-item is mostly finished in the WI.


4 Annex (
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In the TR38.840, DCI-based PDCCH skipping was studied, some of source shown power saving gain based on system level simulation:

	OPPO[20]

 REF _Ref535432680 \r \h 
[42] 
	PDCCH skipping
	[49.3% and 75.52%]
	System level simulation.
The referrence Power configuration is DRX as agreed in previous meetings. 
Traffic model: FTP3 and IM 
	


WI Objective after last update.
· 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 PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 

a)
Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]

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  [RAN1, RAN4]

NOTE: The procedure is in addition to Rel-15 cross-slot scheduling procedure

2)
Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]

a)
Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]

i)
Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 

b)
Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration [RAN4]

NOTE: Switching on/off the RF is part of the evaluation

3)
Specify a mechanism for a UE to indicate its preference of transitioning out of RRC_CONNECTED state. [RAN2]

4)
Specify, if agreed, the mechanism to provide UE assistance information [RAN2, RAN1]:

-
Study and select among the following UE assistance information for RAN2 by RAN#85:

power preferred information (baseline LTE PPI in a well-defined manner) and UE's preference on C-DRX, BWP and SCell configuration [RAN2].

NOTE: additional UE assistance information for RAN1-specific power saving techniques to indicate what setting of parameters related to this Work Item will lead to power savings for the UE can be included if agreed in RAN1.  

5)
Specify network-configured mechanism to relax intra and inter-frequency RRM measurement for neighbour cells for RRC_IDLE/INACTIVE with minimal mobility performance impacts [RAN2, RAN4]

a)
Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of cells/carriers to be measured [RAN4, RAN2]

b)
Define triggering criteria for the UE to move between relaxed and normal RRM measurements, that considers at least if UE is not at cell edge, or if UE is stationary or with low mobility [RAN2, RAN4].

i)
Evaluate and specify requirements (if needed) depending on RAN2 criteria [ RAN4]

NOTE: No new measurement quantities should be introduced 

Note: 

The following objective may be considered in RAN#85 pending progress on SCell dormant behaviour and will be re-evaluated in RAN#85

•
Study and specify (if agreed) power saving techniques to reduce PDCCH monitoring on activated SCells for CA and DC (EN-DC in particular).  

o
Solutions (e.g. power saving signal/channel, enhancing Rel-15 DRX procedure) are to be discussed

Enhancements to Rel-15 DRX procedure can be studied further if they do not violate the general principle of single DRX configuration per MAC entity
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