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1 Introduction
In RAN #80 meeting, a SID on NR power saving was approved [1], and the objectives of the SID are as follows:

	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  


In this document, we present our discussion on the main aspects of UE power saving that impact RAN2.
2 Discussion
2.1 RRC_CONNECTED mode enhancements for power saving
For RRC_Connected mode, as indicated in the SID, the objective is to 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. In our view, for this objective RAN2 should focus on the following aspects

· UE Assistance information
UE assistance information for carrier/MIMO configuration adaptation was introduced in RAN2 to solve the UE overheating problem. Reporting UE’s preference will help the network make better decisions. So for the UE power saving in frequency and antenna domains, the current UE assistance information can be exploited and extended accordingly.
In the frequency domain, UE assistance information regarding BWP and CA/DC configuration can be studied, taking the following agreements from RAN1 #95 meeting into consideration [2]:

	Agreements:

The UE power power saving schemes for the UE adaptation in frequency domain for further study are as follows, 

· BWP -  UE adaptation to different BWP

· RS to assist UE channel tracking and measurements to assist BWP switching  

· Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP switching

· Association of BWP and DRX configuration

· CA/DC – 

· Quick activation/de-activation (e.g.,L1 signaling, MAC CE enhancement) 

· Adaptation of PDCCH monitoring/search space on activated SCell 

· Power adaptation based on the operation in a group of cell in power efficient way

· CSI/RRM measurements and beam management at non-active SCell

Other power saving schemes with UE adaptation in frequency domain are not precluded.


In the antenna domain, UE can report its preference about MIMO configuration/layers and antenna configuration in the UE assistance information. The following agreements from RAN1 #95 meeting can serve as a reference:

	Agreements:

For further study, the power saving signal/channel in triggering adaption to the UE processing, such as MIMO configuration/layers, antenna configuration, UE processing time, and background processing can be used as the indication for UE adaptation.  The power saving signal/channel in triggering UE adaptation to the processing is to allow UE in reducing the power consumption by indication of the processing time, such as PDCCH/PDSCH/PUSCH/PUCCH processing or the essential background processing, such as periodic CSI and RRM measurements.  

· Other schemes are not precluded


In the time domain, DRX configuration has significant impact on the UE power consumption. Currently, it is up to the network to decide how to configure the DRX for the UE. The network would decide the DRX parameters based on the QCI/5QI of the services. This can guarantee the service performance for the UE, however, it can’t match the UE’s preference all the time. In some cases the UE may desire lower power consumption or the UE has opportunity to reduce its power consumption while the network does not have enough information to exploit that situation. For such cases, a straightforward solution is to allow the UE to provide its desired DRX configuration for power saving to the gNB. Of course, the final decision on whether to adjust DRX configuration should still be up to the gNB. 
· UE Adaption to C-DRX operation
Another aspect regarding RRC_CONNECTED mode is the UE adaptation to C-DRX operation based on the power saving signals (e.g. WUS/GTS). The introduction of WUS and GTS is to further reduce UE power consumption, i.e. making it feasible for the UE to skip unnecessary on durations. 
Regarding the GTS, while there are several variants, the MAC CE based GTS signal has already been supported in Rel-15, i.e. the DRX command MAC CE/Long DRX command MAC CE. According to the MAC specification, these MAC CEs can indicate the UE to stop the drx-onDurationTimer and drx-InactivityTimer. So, the MAC CE based GTS (i.e., DRX Command MAC CE/Long DRX Command MAC CE) should be considered as the baseline scheme for UE adaption to the C-DRX operation for power saving. One possible issue of the DRX Command MAC CE /Long DRX Command MAC CE is the coupling of these MAC CEs with the DRX cycle switch. The details of the possible issues are analysed in our companion contribution [6].
In addition to the MAC CE based GTS signal, RAN1 is also studying the L1 based WUS/GTS signal, e.g, the DCI based WUS/GTS. The L1 based WUS/GTS signal may influence the start or end of drx-onDurationTimer or drx-InactivityTimer such that the DRX active time can be adjusted accordingly. Therefore, further analysis of the impact on DRX mechanism brought by power saving signals is needed. 
· UE power saving in CA

It is known that UE should monitor the PDCCH simultaneously in PCell and activated SCells when it is in active time (e.g. drx-onDurationTimer is running or drx-InactivityTimer is running). If there is no/less traffic in activated SCells, the power inefficiency may be more severe due to PDCCH monitoring for SCell. Adjusting the UE behaviour of PDCCH monitoring for activated SCells can reduce power consumption. Besides, power saving signals can also play a role in reducing power consumption in the CA scenario. Adapting/adjusting PDCCH monitoring behaviour per cell by power saving signals can be another way to reduce PDCCH monitoring on the activated SCells.
Proposal 1: For the UE in RRC_Connected mode, RAN2 should focus the study on the following aspects for UE power saving:

·  The UE assistance information to network for power saving. The possible assistance information includes UE’s preference in terms of frequency domain configuration (e.g. BWP and CA/DC configuration), antenna domain configuration (e.g. MIMO layer configuration), and time domain (e.g. DRX configuration).

·  Consider the MAC CE based GTS (i.e., DRX Command MAC CE/Long DRX Command MAC CE) as the baseline scheme for UE adaption to the C-DRX operation for power saving, and study whether any enhancement or clarification is needed for the UE’s behaviour after receiving the DRX Command MAC CE/Long DRX Command MAC CE.
·  The impact of WUS/GTS signal on DRX procedure, such as the operation of the DRX timer including drx-onDurationTimer or drx-InactivityTimer when the UE receives such WUS/GTS signal.

·  The method to reduce the UE’s power consumption in CA.
2.2 RRM measurement enhancements for power saving
In RAN1 #95 meeting, the following observations were approved [2]:
	Agreements:

Observation:

· Reducing the number of cells for intra-frequency measurement can be beneficial for UE power saving due to at least the followings, 

· Assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity.
· Assuming number of neighbouring cells to be measured is reduced.
· For UE power saving perspective, reducing the need in neighbour cell intra-frequency measurement can be beneficial.


In RAN1 #Ad hoc 1901 meeting, the following agreements with RAN 2 impact were achieved [3]:
	Agreements:

· Update the table format as follow for capturing the results in TR38.840 section 5.3 “Power consumption reduction in RRM measurements” for

· Adapting/Relaxing RRM measurement in time domain
· Adapting/Relaxing intra-frequency measurements
· Additional resources for RRM measurement
· Other categories of techniques is not precluded and can be further incorporated if available.
· Note: for RRC CONNECTED, the ‘measurement period’ in the table and agreements refers to the measurement period in TS38.133

· Companies are encouraged to report the following additional assumption if applicable for each scheme,

· DRX configuration
· Offset between paging occasion and SSB/CSI-RS

· For evaluation of adapting/relaxing RRM measurement in time domain, the following is recommended to be provided

· Impact to measurement accuracy, e.g., RSRP accuracy

· Impact to mobility performance, e.g., handover failure rate

· For evaluation of reducing intra-frequency measurement

· Number of cells for measurement

· For evaluation of additional resource

· Resource type, e.g., CSI-RS, SSB or others

· Others are not precluded

· Note: companies are encouraged to report assumptions for synchronous or asynchronous deployments/case

	Agreements:

For UE autonomous RRM measurement adaptation in time-domain with gNB controlled threshold, the following thresholds and corresponding adaptation schemes can be considered,

· A RSRP threshold for UE adapting RRM measurement period, 

· A RSRP threshold for UE adapting RRM number of samples within a measurement period, 

· A RSRP threshold and a RSRP variation threshold within a period of time, and based on that, UE can adapt the measurement or report period 

· A RSRP variation threshold within a period of time, and based on that, UE can adapt the measurement or report period

· A threshold for UE adapting RRM measurement period and the threshold can be at least one of the followings,

· The amount of time during which the UE stays with a specific cell or beam (for RRM measurement) 

· UE’s active TCI state for PDCCH does not change for specific time period.

· The number of handovers/reselections for certain period.

· A threshold which includes UE mobility status, serving cell quality, and based on that, UE can adapt the SMTC window, number of CSI-RS resources sets per target cell, periodicity of CSI-RS resources.




In the frequency domain, according to the RAN 1 progress on RRM, the power gain for reducing number of cells or frequencies is still being evaluated and the power gain ranges from 5%~40% in the simulation from companies. From RAN2’s perspective, for UE in Idle/Inactive mode, the neighbour cells and frequencies are provided in SIB, and for UE in Connected mode, the measured frequencies and cells are provided in the MO of measurement configuration. UE needs to detect frequencies provided by network and only parts of them are useful. For each frequency, UE needs to detect and monitor all the detected cells, and only parts of them are useful for cell reselection or reporting. For example, for UEs in Connected mode, even though a large number of detected cells are measured, the number of neighbour cells reported is limited, as defined by the field maxReportCells in ReportConfigNR [5]. This unnecessary detection and monitoring results in the waste of power consumption. 
To reduce the number of detected or monitored cells/frequencies, gNB can limit the number of the detected or monitored cells/frequencies for the UE in the coverage of the cell. Furthermore, UE knows additional information about itself, such as the directional information of reference signals or the mobility state. If network can broadcast some assistance information, autonomous cell and frequencies detection/measurement can be done by UE.  

Proposal 2: In the frequency domain, RAN2 to consider reducing the measured number of neighbour cells/frequencies for UE power saving. Limiting using some additional information, e.g., mobility state, information of reference signals, for RRM measurement adaptation should be considered.
In the time domain, reducing the measurement period in a fixed duration can benefit power saving. For serving cell measurements, the measurement period for an IDLE UE is one or two DRX cycles. Particularly when the UE is stationary or slow moving, it may not need to perform neighbour cell measurements frequently. If the channel condition of the serving cell is good enough at the same time, the UE will not perform neighbouring cell measurements and cell reselection. It means that there is no impact on cell reselection if the UE uses a longer serving cell measurement period while in good coverage. A similar principle for reducing the measurement period could apply not only in Idle/Inactive but also in Connected mode. If network can broadcast some assistance information, UE can lengthen the measurement period of the serving cell or neighbour cells according to the network recommendation under some specific condition, such as good serving cell channel state, low mobility and so on. Similar to the serving cell measurement, when channel quality of neighbour cells is poor the UE will not reselect it , the measurement period can also be lengthened.   
Proposal 3: In the time domain, RAN2 to consider adjustable measurement period of serving cell and neighbouring cells for UE power saving.
2.3 Paging enhancements for power saving
In the SID, the objective on the paging enhancement is “Study the enhancement of UE paging procedure based on the additional power saving signal/channel/procedure”. In our view, using a power saving signal/channel to indicate the skipping of PDCCH monitoring for paging before a PO is not so helpful to the UE power saving. The main reasons are:
1)  For the UE in RRC_Idle, the power consumption due to RRM measurements constitutes the major part in the total UE power consumption;
2)  The eMBB case is quite different from the case in NB-IoT where the Wake Up signal has been introduced to indicate the PO skipping. In NB-IoT, a large number of repetitions is used for NPDCCH transmission to reach deep coverage and the UE power consumption due to the reception of NPDCCH is large. However, such PDCCH repetition for paging scheduling is not needed in eMBB case. 
Proposal 4: Using a power saving signal/channel to indicate skipping of PDCCH monitoring for paging before a PO is not supported for NR UE in IDLE state.
Another potential enhancement for paging in terms of power saving is to reduce the false alarm rate of PDSCH reception, i.e. where the UE receives the PDCCH for paging but the paging in PDSCH is not intended for itself. This kind of enhancement would not need significant standard efforts and meanwhile could provide some gains for UE power saving. So RAN2 can study this aspect.

Proposal 5: RAN2 to study enhancement on paging procedure to reduce the false alarm rate of PDSCH reception.
2.4 State transition enhancements for power saving
As indicated in the SID, RAN2 will study the enhancement of UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode.
One possible optimization is to let UE be more proactive and send its preference of state transition, e.g. UE in Connected mode sends request to the network to enter Idle/Inactive mode. Moreover, UE can give suggested values of some parameters in RRCRelease message.

Proposal 6: RAN2 to study the UE assisted RRC connection release.
3 Conclusion

The paper discuss possible aspects of UE power saving from RAN2’s perspective and propose the following:
Proposal 1: For the UE in RRC_Connected mode, RAN2 should focus the study on the following aspects for UE power saving:

·  The UE assistance information to network for power saving. The possible assistance information includes UE’s preference in terms of frequency domain configuration (e.g. BWP and CA/DC configuration), antenna domain configuration (e.g. MIMO layer configuration), and time domain (e.g. DRX configuration).

·  Consider the MAC CE based GTS (i.e., DRX Command MAC CE/Long DRX Command MAC CE) as the baseline scheme for UE adaption to the C-DRX operation for power saving, and study whether any enhancement or clarification is needed for the UE’s behaviour after receiving the DRX Command MAC CE/Long DRX Command MAC CE.
·  The impact of WUS/GTS signal on DRX procedure, such as the operation of the DRX timer including drx-onDurationTimer or drx-InactivityTimer when the UE receives such WUS/GTS signal.

·  The method to reduce the UE’s power consumption in CA.
Proposal 2: In the frequency domain, RAN2 to consider reducing the measured number of neighbour cells/frequencies for UE power saving. Limiting using some additional information, e.g., mobility state, information of reference signals, for RRM measurement adaptation should be considered.

Proposal 3: In the time domain, RAN2 to consider adjustable measurement period of serving cell and neighbouring cells for UE power saving.

Proposal 4: Using a power saving signal/channel to indicate skipping of PDCCH monitoring for paging before a PO is not supported for NR UE in IDLE state.
Proposal 5: RAN2 to study enhancement on paging procedure to reduce the false alarm rate of PDSCH reception.

Proposal 6: RAN2 to study the UE assisted RRC connection release.
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