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1	Introduction
The Rel-16 UE Power Savings study item started in RAN1#94bis, October 2018. According to the approved time plan [1], the RAN1 part of study item is to be completed by RAN#83, March 2019, while RAN2 study started in February 2019, and is expected to complete study by June 2019. The findings during the study item are to be captured in [2]. It is expected that RAN#83 will discuss a corresponding work item, with possible RAN1 work starting in Q2 (from RAN1#96bis) and RAN2 part beginning after Q2. In this contribution, we present our view on the scope of the potential UE power savings work item.
2   		UE Power savings study item objectives
The Rel-16 UE power savings study item (SI) aims to identify techniques for UE power savings for the following (See Annex A for full objectives of the SI):
· Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
· Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]
· Study the enhancement of higher layer procedures for UE power saving  [RAN2]
3    	View on possible work item scope
During Q2, while RAN1 is working on possible WI, RAN2 will still be in study phase. Given this staggered approach across working groups, it is important to scope the work so that RAN1 can focus on RAN1-specific aspects during Q2 until RAN2 has had a chance to complete their study part (see e.g. [5]). Thus, a good approach would be to start with WID (in RAN#83) with RAN1-specific aspects, and then update the WID (in RAN#84) with additional topics upon conclusion of study in RAN2.
RAN1 studied power savings schemes in different domains (e.g. time, frequency, etc.) with evaluation result captured in the TR and drawing some observations and conclusions in the TR [2]. These were mainly reflecting evaluation results showing power savings gains and corresponding NW impact (in some cases) [4]. 
During the study, the only enhancement for which there was consensus in RAN1 to support was a DL power saving signal/channel as per the below agreement in RAN1 AH Jan 2019 [3]: 
· DL power saving signal and/or channel is beneficial at least in some use cases and is thus supported for UE power consumption savings

In our view, the potential WID can start with the power saving signals/channel given the above agreement. Several power saving signals/channels were discussed in the SI, but wakeup signal/channel, in particular PDCCH-based wakeup signal was most widely evaluated and showed good performance considering both power savings gain and UPT/latency impact. Detailed objectives to complete the specification of wakeup signal/channel can be as follows: 
1) Specify a wakeup signal/channel for UE power savings based on which a UE can start monitoring PDCCH on a serving cell in RRC_Connected state
a. Specify the transmission structure of wakeup signal/channel 
i. Wakeup signal/channel should be based on PDCCH structure and associated DCI format(s), payload size(s) and content(s) should be specified  
ii. Wakeup signal/channel should co-exist with existing NR signals/channels and support efficient transmission of wakeup indication for multiple UEs with low overhead
iii. Wakeup signal/channel should have low miss detection rates to not negatively impact the PDCCH monitoring performance of the UE and low false alarm rate to realize the possible power saving gains.
b. Specify detailed mechanism and conditions on how/when UE can start monitoring PDCCH based on the wakeup signal/channel 

Another technique that was widely evaluated and showed good performance considering both power savings gain and UPT/latency impact is cross-slot scheduling. Detailed objectives to complete the specification of cross-slot scheduling can be as follows: 
2) [bookmark: _Hlk3148719]Specify mechanism to enable UE power savings using cross-slot scheduling mode
a. For cross-slot scheduling mode, specify mechanism by which 
i. UE can assume a minimum K0 > 0 when monitoring PDCCH that assigns PDSCH
ii. UE can assume a minimum aperiodic CSI-RS triggering offset or a minimum K2 >0 when monitoring PDCCH 
b. Specify the allowed minimum K0, minimum aperiodic CSI-RS triggering offset and K2 values for cross-slot scheduling mode
c. Specify detailed mechanism and conditions on how/when UE can assume that cross-slot scheduling mode is used 

Regarding antenna adaptation, in Rel-15, RAN1 agreed to introduce RRC signaling of maximum number of MIMO layers (for PUSCH and PDSCH) on a per-BWP basis and configuring the same value for all BWPs in Rel-15 [6], but ultimately Rel-15 RRC specified per-serving cell indication of maximum number of MIMO layers. We think the RAN1 agreement on per-BWP indication of maximum number of MIMO layers can be specified for UE power savings in Rel-16. The corresponding objective to complete the specification for this aspect can be as follows:
3) Specify mechanism for configuring maximum number of MIMO layers (for PUSCH and PDSCH) on a per-BWP basis

Considering the planned time budget (2 TUs for next two RAN1 meetings, and 1 TU for subsequent 3 meeting), and considering that work for next two RAN1 meetings should require very little RAN2 involvement, we think the possible initial WID scope should not exceed the above three objectives. The WID can be updated in RAN#84 e.g. with RRM-related, UE assistance, and other aspects, after completion of RAN2 study. Several other schemes were discussed in RAN1, but the power savings gain vs NW impact tradeoff for them was not as widely acknowledged to be beneficial as for wakeup signal and cross-slot scheduling, or they are schemes that were already considered but not agreed for Rel-15 or are schemes are already under consideration in another WI (such as efficient/low latency SCell operation in MR/DC WI [7]).  
Proposal 2: The WID for UE power savings can be updated in RAN#84 after conclusion of RAN2 study of additional aspects.
[bookmark: _GoBack]4	Conclusion
Based on the discussion in this document, we propose the following.
Proposal 1: Initial WID scope for UE power savings focusing only on RAN1 work from RAN#83 onwards is as below
1) Specify a wakeup signal/channel for UE power savings based on which a UE can start monitoring PDCCH on a serving cell in RRC_Connected state
a. Specify the transmission structure of wakeup signal/channel 
i. Wakeup signal/channel should be based on PDCCH structure and associated DCI format(s), payload size(s) and content(s) should be specified  
ii. Wakeup signal/channel should co-exist with existing NR signals/channels and support efficient transmission of wakeup indication for multiple UEs with low overhead
iii. Wakeup signal/channel should have low miss detection rates to not negatively impact the PDCCH monitoring performance of the UE and low false alarm rate to realize the possible power saving gains.
b. Specify detailed mechanism and conditions on how/when UE can start monitoring PDCCH based on the wakeup signal/channel 

2) Specify mechanism to enable UE power savings using cross-slot scheduling mode
a. For cross-slot scheduling mode, specify mechanism by which 
i. UE can assume a minimum K0 > 0 when monitoring PDCCH that assigns PDSCH
ii. UE can assume a minimum aperiodic CSI-RS triggering offset or a minimum K2 >0 when monitoring PDCCH 
b. Specify the allowed minimum K0, minimum aperiodic CSI-RS triggering offset and K2 values for cross-slot scheduling mode
c. Specify detailed mechanism and conditions on how/when UE can assume that cross-slot scheduling mode is used 

3) Specify mechanism for configuring maximum number of MIMO layers (for PUSCH and PDSCH) on a per-BWP basis

Proposal 2: The WID for UE power savings can be updated in RAN#84 after conclusion of RAN2 study of additional aspects.
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Annex A (Objective of the SI from RP-181463)
The objective is to study UE power saving framework taking into consideration of latency and performance in NR as well as network impact.  The objective of the UE power saving study includes the following,
1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

i) Network and/or UE assistance information
ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics

2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]

3)  Study the enhancement of higher layer procedures for UE power saving   [RAN2]

a) Study the enhancement of  UE paging procedure based on the additional power saving signal/channel/procedure
b) Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  
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