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Introduction
[bookmark: _Ref465413974]In RP meeting #83, WID for UE power saving is agreed with below WI objectives [1]:
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
b) 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.

In this contribution, we consider UE assistance information to assist UE adaptation schemes in [2].

UE assistance information
From a UE power saving perspective, it is preferable for a UE to turn on its RF and baseband as needed according to the practical traffic demand and real-time channel condition. Compared with a gNB, a UE is immediately aware of its mobility/battery status and changes on link characteristics. These factors make the UE more capable of making an accurate adaptation request for a configuration of parameters for power saving purpose. For some adaptive parameters, such as the activated CCE ALs or (de)activation on CORESET, it may even not be possible for the gNB to determine a reconfiguration without any feedback on PDCCH CSI from UE.
2.1 Preferred adaptation 
In [2], adaptation on PDCCH monitoring through L1 power saving signal is proposed as PDCCH monitoring is the main power consumption overhead in RRC_CONNECTED state. To assist UE adaptation schemes in [2], a gNB can trigger a UE adaptation in response to an assistance information on preferred adaptive parameters and corresponding values from the UE.
[bookmark: _GoBack]Therefore, the first type of UE assistance information we considered is UE’s preferred adaptation related to PDCCH monitoring. For example, PDCCH monitoring periodicity, and (de)activated CORESETs/CCE ALs. For UE assistance information about preferred adaptation candidate, it can be done through MAC CE or PUCCH depending on the latency requirements. 

Proposal 1: Enable UE assistance information on preferred PDCCH monitoring adaptation candidates, at least for
· PDCCH monitoring periodicity/duration
· (de)activated CORSETs
· (de)activated CCE ALs
 
2.2 PDCCH CSI report
For some adaptation request, such as activated CCE ALs, and deactivation of all search space sets in CORESET p, a real-time channel condition of PDCCH is needed. Therefore, it’s preferable for UE to report PDCCH CSI in order for gNB to trigger an optimal PDCCH monitoring adaptation. 
As the valid time of CSI is short, CSI for PDCCH should be reported through a PUCCH/PUSCH. The PDCCH CSI can be reported similar to PDSCH CSI in periodic/semi-persistent/aperiodic manner. When a power saving signal/channel is transmitted in multi-beam manner, the DMRS of PDCCH based power saving signal/channel can be used as RS resources for PDCCH CSI report. 

Proposal 2: Enable UE assistance information of PDCCH CSI report for adaptation in respective CORESETs. 
2.3 Preferred power saving signal/channel configuration
A preferred configuration for power saving signal/channel depends on the channel condition such as delay spread, Doppler shift, etc. Therefore, support for UE assistance information can be considered for the preferred power saving signal/channel parameters as they cannot be always accurately estimated by the gNB, for example in FDD as the DL channel can be different than the UL channel. Moreover, a gNB has less motivation to implement such parameter estimation than a UE and this may make a deployment of power saving signal/channel less likely.
For the UE assistance information about preferred power saving signal configuration, reporting can be done by higher layers, such as MAC CE.

Proposal 3: Enable UE assistance information on preferred search space set/CORESET configuration for power saving signal/channel, such as CORESET BW, PDCCH monitoring periodicity, DMRS precoder granularity. 
2.4 UE triggered power saving mode 
To reduce the signaling overhead on UE assistance information about UE’s preferred adaptations, a UE can send an assistance information about its preferred power saving mode/state in general. In this case, NW can enable different power saving schemes accordingly to meet the actual needs of UE. 
As illustrated in Figure 1, a gNB can provide UE a configuration of different power saving modes/states it can supports first. Different power saving modes/states can associated with different power saving schemes, or indicate different power saving levels. The number of power saving modes/states can be extended further in further release if more stringent requirements appears. In next step, a UE can feedback its preference on preferred power saving mode/state according to its needs and real-time channel conditions. For example, when the battery level is very low, a UE can send assistance information through a MAC CE to request for the highest level of power savings. In the last step, gNB can enable corresponding power saving schemes or trigger UE adaptation associated with UE’s preferred power saving mode. The last step about gNB triggered UE adaptations is currently under discussion in the agenda item of PDCCH based power saving signal/channel. 
 


FIGURE 1: Procedure of UE triggered power saving mode 
Proposal 4: Support UE triggered power saving mode switching

Conclusions
This contribution considers UE assistance information for power saving schemes in NR. Our proposals are as follows.
Proposal 1: Enable UE assistance information for preferred PDCCH monitoring adaptation candidates, at least for
· PDCCH monitoring periodicity/duration
· Activated CORSETs
· Activated CCE ALs

Proposal 2: Enable UE assistance information of PDCCH CSI report for adaptation in respective CORESETs.
Proposal 3: Enable UE assistance information on preferred search space set/CORESET configuration for power saving signal/channel, such as CORESET BW, PDCCH monitoring periodicity, DMRS precoder granularity. 
Proposal 4: Support UE triggered power saving mode switching
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