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Introduction
[bookmark: _GoBack]In this contribution open issues for the NR UE power saving are discussed. Furthermore based on the progress in RAN1 and RAN2 revisions to the NR UE Power Saving WID are proposed [1]. A draft revised WID is provided in the Appendix.
[bookmark: _Toc242573354]Discussion
MIMO layer adaptation
Observation 1: RAN1 and RAN2 agreed to support maximum MIMO layers configuration per BWP in DL.
Based on progress made in RAN1 and RAN2 it is proposed to remove the open issue whether there is only a maximum number of MIMO layers configuration per BWP or only for initial/default BPW compared to other BWPs: 
Proposal 1: Update the objective for MIMO configuration per BWP with RAN1 and RAN2 agreements.
Stage 3 signalling details are FFS in RAN2, and the need for maximum MIMO layers configuration per BWP in UL may be discussed further.
UE assistance RAN1
Observation 2: RAN1 did not discuss UE assistance information yet.
Seven companies proposed to introduce UE assistance for minimum k0 and k2 value for cross-slot scheduling (TDRA) configuration in last RAN1 meeting [2-8]. There is a variety of other proposals for which there is only limited support: 
Proposal 2: Limit the objective for RAN1 UE assistance to evaluation of UE assistance for k0/k2 for cross-slot scheduling (TDRA) configuration only.
UE assistance RAN2
Observation 3: RAN2 agreed to introduce UE assistance for cDRX configuration. RAN2 agreed to not support LTE PPI in NR. There was not enough consensus in RAN2 for UE assistance for BWP and SCell configuration. 
According to the WID RAN2 was tasked to study and select one or more of the UE assistance candidates (cDRX, PPI, BWP and SCell) in RAN2#107, i.e. limit the time on UE assistance due to anticipated problems to converge and agree [1]. 
RAN2 agreed to not introduce LTE PPI in NR. And from the results of the offline RAN2#107 discussion on UE assistance it can be observed that only 4 out of 12 companies supported UE assistance for BWP [9]:
Proposal 3a: RAN2 to not discuss UE assistance for PPI and BWP further.
RAN2 did not manage to agree on UE assistance for SCell configuration, but RAN2 did make progress [9]. UE assistance signalling for SCell configuration can reduce the UE power consumption for EN-DC and FR2 use case, i.e. two use cases which are generally considered important and critical for UE power consumption.
In the offline RAN2#107 discussion several companies supported UE assistance for SCell configuration. More specifically 8 companies supported to introduce maximum aggregated DL/UL bandwidth for FR1/FR2 signalling, i.e. introduce a similar IE as defined for UE assistance for overheating in NR. There was also significant support for preferred set of active SCells signalling, and some support for traffic information.
In our view RAN2 should continue to discuss maximum aggregated DL/UL bandwidth for FR1/FR2 signalling, because this information from the UE can provide significant gains for EN-DC/FR2 use cases, and many companies supported this approach. However some issues need to be resolved and some restrictions/limits need to be applied, which we will explain in the following:
1. Issues that need to be resolved for UE assistance for SCell configuration:
RAN2 discussed a possible clarification of maximum aggregated bandwidth for overheating, but no agreement was reached how to clarify the maximum aggregated bandwidth [11,12]. For overheating it is not explicitly captured whether the aggregated bandwidth applies to the configured or activated SCells, and/or the bandwidth of the active BWP or one of the configured BWPs. In our view this should be clearly specified for the maximum aggregated DL/UL bandwidth for FR1/FR2 signalling. In our view the UE assistance signalling is to assist SCell re-configuration, and the UE should be allowed to indicate when it prefers more or less bandwidth (compared to the current configuration). 
2. Limit the scope of RAN2 discussions
In our view the semi-static UE assistance signalling is intended to support RRC (re-)configuration, and the UE assistance signalling is not intended to support SCell activation/de-activation or BPW switching, which adaptation may happen on a much shorter time scale. We do not see to need for detailed UE assistance of individual SCells to be activated, or specific BWPs to switch to. In our view the NW can do proper SCell activation/BWP switching based on BSR reporting and DL buffer status, i.e. NW can dynamically adapt to instantaneous traffic bursts. 
In our view UE assistance to support EN-DC and FR2 use case should be prioritized and can be discussed further in RAN2. The maximum aggregated DL/UL bandwidth for FR1/FR2 signalling is a possible way forward, however the intention should be to assist RRC re-configuration and the new signalling should be introduced in a well-defined manner: 
Proposal 3b: RAN2 to introduce UE assistance for SCell configuration to assist RRC re-configuration, in LTE and NR, taking maximum aggregated DL/UL bandwidth for FR1/FR2 signalling as a baseline but introduce it in a well-defined manner.
Fast SCell activation (aka “dormant-like” SCell in NR)
Observation 4: From RAN1 and RAN4 perspective it is feasible to introduce dormancy behaviour.
RAN4 discussed fast SCell activation and indicated that fast SCell activation is possible provided the UE reports CSI and NW configures temporary CSI-RS, for details see [13-15]. In our view fast SCell activation provides flexibility to trade-off latency and power consumption. When the SCell is “dormant” the UE is not required to monitor PDCCH, and thus can save power. In our view introduction of fast SCell activation removes the need for UE assistance for SCell activation, i.e. the NW can dynamically adapt the SCell based on BSR reporting and DL buffer status:   
Proposal 4: Introduce fast SCell activation in NR under CA/DC work item.
DRX enhancements
DRX enhancements have been discussed in different releases for different features, i.e. work and study items. From a NW scheduling perspective it is not acceptable that SCells needs to be scheduled at different (random) times, i.e. a common DRX operation for cells of the same cell group is essential to keep the scheduling complexity manageable. 
Observation 5: To keep the scheduling complexity manageable it is essential to retain a common DRX configuration and operation of cells of the same cell group.
Having said that, minor changes to cDRX configuration/operation, that to a great extend retain the common scheduling availability of cells of the same cell group, and that can improve the UE power saving for EN-DC/FR2 use case can be evaluated. During the REL-16 study phase UE vendors have proposed multiple cDRX profile configurations, with cell individual cDRX operations, and dynamic switching between profiles, which in our view is excessive and not acceptable. But in case cells of the same cell group remain available at the same time, but there is a second group of cells (e.g. FR2 cells) which goes to sleep more quickly, then this is a limited cDRX configuration/operation change, that limits the scheduling impact, and which may provide significant gains in EN-DC/FR2 uses cases. Such changes can be accomplished by introducing a second drx-InactivityTimer, and/or a second drx-onDurationTimer in the cDRX configuration for CA/DC in LTE and NR: 
Proposal 5: RAN2 to evaluate cDRX enhancements that limit the impact on the scheduling complexity, i.e. cDRX enhancements limited to a second drx-InactivityTimer and/or a second drx-onDurationTimer in the cDRX configuration for CA/DC in LTE and NR. 
RRM measurement relaxation of neighbour cells in Idle/Inactive
Observation 6: The core parts for RAN2 and RAN4 have different deadlines
The RAN2 (core requirements 38.3xx) and RAN4 (core requirement 38.133) for RRM relaxation have different target completion dates, i.e. RAN#86 (December 2019) for RAN2 and RAN#87 (March 2020) [1]. There is a dependency between the trigger for relaxation discussed in RAN2, and the amount of relaxation discussed in RAN4. It is proposed to allow RAN2 to extend the deadline for RRM relaxation to RAN#87 to enable potential coordination between RAN2 and RAN4: 
[bookmark: _Toc242573360]Proposal 6a: Extend RAN2 deadline for RRM relaxation to RAN#87.
Observation 7: There is no RRM measurement requirement for the number of cells to monitor in Idle/Inactive.
In Connected mode the NR UE shall monitor 8 (FR1) and 6 (FR2) cells for L1 intra-frequency measurements (section 9.2.3 in 38.133) and 4 (FR1/FR2) cells for L1 inter-frequency measurements (section 9.3.3 in 38.133). The number of cells to monitor in Idle/Inactive mode is up to UE implementation. For that reason it is proposed to remove the RRM measurement relaxation by reducing the number of cells:
Proposal 6b: Remove RRM relaxation by reducing the number cells.
For cell re-selection in Idle/Inactive mode the UE shall be capable to monitor a minimum number of inter-frequencies, as specified in section 4.2.2.1 in 38.133. There may be a need for the operator to configure the maximum number of inter-frequencies in certain deployment scenarios, and this option should not be removed: 
Proposal 6c: Remove RRM relaxation by reducing the number frequencies.
Draft revisions to the NR UE power saving WID, in accordance with the above proposals, can be found in the Appendix for information. 
Summary
[bookmark: _Toc242573361]RAN is kindly asked to discuss potential revisions of the NR UE power saving WID: 
Proposal 1: Update the objective for MIMO configuration per BWP with RAN1 and RAN2 agreements.
Proposal 2: Limit the objective for RAN1 UE assistance to evaluation of UE assistance for k0/k2 for cross-slot scheduling (TDRA) configuration only.
Proposal 3a: RAN2 to not discuss UE assistance for PPI and BWP further.
Proposal 3b: RAN2 to introduce UE assistance for SCell configuration to assist RRC re-configuration, in LTE and NR, taking maximum aggregated DL/UL bandwidth for FR1/FR2 signalling as a baseline but introduce it in a well-defined manner.
Proposal 4: Introduce fast SCell activation in NR under CA/DC work item.
Proposal 5: RAN2 to evaluate cDRX enhancements that limit the impact on the scheduling complexity, i.e. cDRX enhancements limited to a second drx-InactivityTimer and/or a second drx-onDurationTimer in the cDRX configuration for CA/DC in LTE and NR. 
Proposal 6a: Extend RAN2 deadline for RRM relaxation to RAN#87.
Proposal 6b: Remove RRM relaxation by reducing the number cells.
Proposal 6c: Remove RRM relaxation by reducing the number frequencies.
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Appendix: draft revised WID
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 per 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]:
a) Study and select among the following UE assistance information for RAN2 by RAN#85:
b) power preferred information (baseline LTE PPI in a well-defined manner) and UE's preference on C-DRX, BWP and SCell configuration [RAN2]:.
i) For SCell configuration the maximum aggregated DL/UL bandwidth for FR1/FR2 signalling is a baseline but it is introduced it in a well-defined manner.
NOTE: additional UE assistance information for RAN1-specific power saving techniques to indicate k0/k2 values) for cross-slot scheduling (TDRA) configuration 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) [bookmark: _Hlk10649837]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 

6) Specify C-DRX enhancements limited to a second drx-InactivityTimer and/or a second drx-onDurationTimer focusing on, but not limited to, EN-DC and FR2 use cases [RAN2].
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).  
· 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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