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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
FS_NR-PowerSaving; SID in RP-181463. The objectives are as follows

	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



2. Scenarios and models
2.1. Scenarios for UE power saving for RRM measurements 
Many companies propose scenarios for ue power saving for RRM measurements by investigating existing Rel-15 NR RRM mechanism, as well as comparing with the existing LTE RRM measurement mechanism. Some of the scenarios observed from contributions are as follows,
a) UE in slowly moving or stationary state: the measurement results do not change significantly over short time intervals
· Almost all companies stated this scenario is important for consideration [Most]. 
· The frequency for RRM measurement to achieve sufficient accuracy is not adaptive depending on the condition on UE, deployment scenario and so on.  [DOCOMO, vivo, OPPO]
· Two companies stated that for very high speed or mobility state, less frequently or even skip certain number of measurement(s) is also useful. [Intel, HW]
b) Potential power consumption due to sparse SSB density
· Compared to CRS in LTE, sparser SSB signal (or CSI-RS) is configured in NR, and the preparation time will be extended in comparison to that of LTE. [CATT, MTK, vivo, QC]
· Multiple SSBs may be needed for one measurement, which increase the power consumption
· Some companies reported that multiple SSBs may be necessary for loop convergence (including AGC tuning) and RRM monitoring in some worst cases. [QC, MTK]; 
· One company propose that periodic SS burst and periodic TRS burst can be arranged such that the UE can utilize one SS burst and one TRS burst for AGC adjustment and T/F tracking before DRX ON; [Spreadtrum]
· SMTC and DRX on-duration are not aligned, which significant increase the power consumption.  [MTK, LG]
· Some companies think that SSBs are is broadcast signals, while DRX setting is UE specific, it is impossible for network to align the SMTC window and the DRX on-duration for all UEs. [MTK]
c) Multiple-beam/multi-cell related aspects
· SFN-based RRM measurement to reduce multi-cell reselection/multiple-beam measurement can be considered as a scenario for saving UE power consumptions [QC, Sony]
· Some companies reported that multi-beam monitoring for beam selection contributes a lot to the UE power consumptions.[QC, Ericsson]

Considering the contributions, it is proposed to have the followings,
	Possible proposals
· Scenarios with slowly moving or stationary UEs are prioritized for further studies when considering UE power saving techniques for RRM measurements,
· Other scenarios, e.g., up to 120km/h, can also be studied for UE power saving for RRM measurements.
· Further studies UE power saving for RRM measurement by considering the following issues
· Multi-beam/multi-cell related RRM measurement issues.
· Potential power consumption increase due to sparse SSB density.



Many companies propose to study the UE power saving for RRC CONNECTED state [HW, LGE, vivo, MTK, CATT, OPPO, Spreadtrum, Sony, QC, NTT DoCoMo].
Many companies propose to study the UE power saving for RRC IDLE/INACTIVE state [HW, LGE, vivo, MTK, CATT, Intel, Samsung, OPPO, Spreadtrum, Sony, QC, NTT DoCoMo].
And, most of the UE power saving techniques can be applied to both RRC IDLE/INACTIVE, therefore these two RRC states are discussed together.
However, some companies emphasis RRC INACTIVE state for UE power saving [QC, Intel, Sony]. Since RRC INACTIVE is a new state for IDLE UEs to camp, it is different from RRC IDLE in the sense that UE operating in RRC INACTIVE has RAN context; hence the RRC message setup/release latency could be significantly shortened. 
	offline consensus proposal:
· RRM power saving study should consider RRC IDLE, INACTIVE and CONNECTED state. 


3. Potential enhancement for UE power saving for RRM measurements
3.1. Adaptive/relaxed RRM measurement
By considering the scenarios listed in section 2.1, many companies propose further study on relaxed RRM measurement. By considering different conditions, the RRM measurements may be adaptively adjusted. The solutions are mainly of two directions,
· Adaptive/relaxed number in time domain measurements for serving cell and/or neighbor cell, which is addressed in section 3.1.1
· Adaptive/relaxed number in measurements of the cells/frequencies for intra- and inter-frequency measurements, which is addressed in section 3.1.1
· Other techniques are also proposed, e.g., UL based mobility [HW, Sony], which is addressed in section 3.1.3
And it is also mentioned by many companies on how to perform such adaptive RRM, which is addressed in section 3.1.2
3.1.1. Relaxed number of measurements for serving cell and/or neighbor cell
Many companies propose to further study adapting/relaxing number of measurements in time domain according to specific conditions such as channel condition, UE speed and so on [HW, vivo, LGE, Intel, Sony, OPPO, CATT, Ericsson].
· Adaptive/Reduced number of measurement for RRC IDLE/INACTIVE state
· Power consumption will be reduced if the number of SSBs to be measured is reduced with gNB assistant information (for RRC_Idle/Inactive state) [HW]
· Relaxed RRM measurement periodicity for stationary [vivo]
· The number of RRM measurements could be dynamically adapted to the channel variation to minimize the power consumption [CATT]
· Adaptive/Reduced number of measurement for RRC CONNECTED
· Applying constrain on configuration of CSI-RS transmission for RRM on one carrier in a concentrated manner (for RRC CONNECTED) [HW]
· Study the conditions for NR UE in RRC_CONNECTED not having to do measurement in both SSB and CSI-RS when configured e.g. in "stationary-mobility state" and for UE in "very_high-mobility state". [Intel]
· General for any state 
· A relaxation of RRM measurement based on measurement result and/or measurement configuration should be studied [NTT DoCoMo]
· Study adapting RRM measurement period to UE mobility. [Ericsson]

Besides, many companies propose to further study adapting/relaxing the number of measurements of the cells/frequencies for intra- and inter-frequency measurements. [HW, NTT DoCoMo, vivo, LGE, Intel, Ericsson, Qualcomm, Samsung]
· New mechanism for thresholds-based measurement for different conditions, e.g., channel conditions, UE speed, UE location, measurement configuration, measurement results (including already detected cells). (NTT DoCoMo, HW, vivo, LGE, Intel, Ericsson, Qualcomm, Samsung)
· Extension of s-Measure mechanism especially for CA can also be considered. (LGE)
· Reducing/relaxing the number of measured cells/frequencies based on different conditions, e.g., channel conditions, UE speed. (vivo, HW)
· UE Power consumption is directly proportional to the number of neighbor cells and neighbor frequencies [HW]
· In NR, new conditions or thresholds can be studied for different UE status or application scenarios to reduce the number of neighbor cells or neighbor frequencies that UE has to measure. [vivo]
· Providing information about cell detection, hence reduce the time for cell detection
· gNB provides some information of the target measurements cells to the UE [OPPO]
· Study the benefits of providing UE with candidate cell T/F alignment information [Ericsson]
· Mobility robustness should not be compromised. [Nokia, Ericsson]

	Offline consensus proposal:
· Further study on relaxing/adapting RRM measurement for UE power saving, 
· Relaxing the number of RRM measurements in time domain for serving cell and neighbor cells based on certain conditions, e.g., number of SSB/CSI-RS/measurement occasions.
· Relaxing the number of measured cells/frequencies for neighbor cells based on different conditions 
· Schemes considered should disclose the mechanism used to determine the mobility/speed assumed.
· FFS conditions, e.g., channel condition, UE location, UE speed, measurement configuration, measurement results, cell type.
· Relaxed measurement report (if any)
· Other solutions are not precluded.




3.1.2. How to perform adaptive RRM measurement
In order to realize solutions in section 3.1.1, specific signalling/indication may be needed. There are many different proposals related to how to perform adaptive RRM.:
· gNB assisted information [HW, OPPO，Ericsson, Samsung, QC], including
· gNB assisted information to reduce number of cells/frequency for connected mode [HW]
· gNB providing UE with candidate cell T/F alignment information [Ericsson] 
· [bookmark: _Toc525935186]introduce sub-slots granularity for the SMTC window [Ericsson]
· network-assisted mechanism to further enhance the dynamic adaptation in RRM measurement for UE power saving. [Samsung]
· A suitable measurement configuration can be dynamically indicated to UE [QC]
· physical cell IDs of the target measurement cells [OPPO]
· UE assisted information [Intel, OPPO, Ericsson, Samsung], including
· History of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect) to the network [Intel]
· UE can inform the NW about its mobility status, or NW can estimate based on UL measurements. [Ericsson]
· UE can report its detailed velocity or channel conditions to the network. [OPPO]
· UE-assisted mechanism to further enhance the dynamic adaptation in RRM measurement for UE power saving. [Samsung]
· Misc
· Configured with multiple measurement objects (MO) to be activated or deactivated based on its current mobility state [Intel, LGE, QC]  
· Different measurement behaviors/configurations can be considered where one measurement configuration can include the relaxed RRM requirements and sparser measurement periodicities. [LG] 
· Reducing mobility CSI-RS measurements with and without association to SS/PBCH blocks. [Nokia] 
· Network’s sensing, network can measure the UE’s velocity based on UE’s uplink signal such as SRS, PRACH, UL DMRS for PUCCH or PUSCH. [OPPO] 
· Allow UE to form a L1 RRM measurement report based on multiple RRM measurement samples at one DRX ON period to reduce UE power consumption. [CATT] 
The proposals are divergent, further discussions and studies are needed, by taken the identified potential enhancements described in section 3.1.1 into account.

3.1.3. Other techniques
Some companies think that UL based mobility is better for UE power saving compared to DL based one. [HW, Sony].
3.2. Additional resource for RRM measurement
Some companies discuss to have additional resources for RRM measurement which reducing the number of UE active time while keeping enough accuracy of the measurements [HW, MTK, vivo, CATT, OPPO]. Some companies think from network perspective, the overhead should be considered [MTK, vivo].
Some of the proposals are listed as follows,
What kind of RS can be used for additional resource?
· Enhanced reference signals for RRM measurements for UEs in RRC idle and inactive states. (OPPO)
· Potential usage of existing RS for RRM measurement (HW), e.g., SSB-based
· CSI-RS (vivo)
· WUS could provide time/frequency offset compensation in R16 NR, if relaxed monitoring measurement is specified. (Spreatrum)

Procedure on how to use additional resources?
· On-demand RS could be configured before the DRX ON (CATT)
· Additional measurement RS, e.g., CSI-RS, can be configured in a cell-specific before DRX on (vivo)
· Additional time and/or frequency resources (MTK)
· Close to the original SSB block in time domain

	offline consensus proposal:
Further study on the benefit/impact for additional resource for RRM measurements for power saving while guarantee the mobility robustness,m
· The schemes proposed should at least include the following aspects,
· The signals/channels used as additional resource
· Procedure on how to use additional resources.
· Overhead from network perspective should be considered.
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R1-1811012	NR power saving on RRM measurement	Spreadtrum Communications
R1-1811138	Reducing UE power consumption in RRM measurements	Sony
R1-1811284	UE Power Consumption Reduction in RRM Measurements	Qualcomm Incorporated
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6. Proposals from contributions
	R1-1810156	UE power consumption reduction in RRM measurements	Huawei, HiSilicon

	Proposal 1: Study mechanisms to enable adjustable RRM measurement period.
Proposal 2: Reduction in number of SSBs, neighbor cells and neighbor frequencies for RRM measurements is considered for further study.
Proposal 3：Optimization on the configuration of CSI-RS for RRM should be discussed in Rel-16.
Proposal 4: For UE in RRC_CONNECTED state, the potential usage of existing RS for RRM measurement can be studied and evaluated for the purpose of power saving.

	R1-1810309	Considerations on RRM measurements to reduce UE power consumption	LG Electronics

	Proposal 1: Threshold based measurement relaxation (e.g., enhancement of s-Measure mechanism) can be further investigated to reduce UE power saving in RRM.
Proposal 2: Different measurement behaviors/configurations can be considered where one measurement configuration can include the relaxed RRM requirements and sparser measurement periodicities.

	R1-1810415	On UE power Consumption Reduction in RRM Measurements	vivo

	Observation 1: Existing RRM framework in both RRC IDLE, RRC inactive and RRC connected mode is not power efficient for stationary or low mobility UEs.
Observation 2: Additional measurement RS is beneficial to reduce total UE wake up time.
-	The overhead of the additional measurement RS can be limited if the RS for other purposed can be reused for measurement
-	The additional measurement RS can improve the measurement accuracy.
Proposal 1: Study the following techniques for RRM measurements enhancement targeting UE power saving.
•	Relaxed RRM measurement periodicity
•	Reduced number of measured cells/frequencies
•	Additional RS for RRM measurement
Proposal 2: Power models for RRM measurements in Table 1 is considered and further refinement to model the power consumption due to different number of measured neighbor cells is needed.
Table 1. The power models for RRM measurements
	Operating mode
	Power [unit per slot]
	Notes

	Serving cell measurements (inc. sync)
	 
	 

	Neighbor cell measurements (inc. sync)
	 
	Further refinement to model the power consumption due to different number of measured neighbor cells 

	Sleep 
	 
	

	Power ramping up and down
	 
	




	R1-1810450	Considerations on NR RRM power saving	MediaTek Inc.

	Observation 1: When SMTC window and DRX on duration are not aligned, it will cause significant power overhead to NR UE.

Observation 2: AGC tuning can increase the required number of SSBs and UE power consumption for NR RRM.

Proposal 1: Additional time-domain resources for RRM can be considered to reduce the RRM power overhead for NR.

Proposal 2: Additional frequency-domain resources for RRM can be considered to reduce measurement frequency and power consumption for NR.

Observation 3: When UE is in a BWP without SSB, additional frequency resource for RRM can eliminate the measurement gaps and improve system efficiency.

Proposal 3: Additional RRM resources in either time domain and/or frequency domain should be studied for NR in order to realize better UE power saving and network efficiency at the minimal cost of system overhead.

	R1-1810564	UE Power saving scheme for RRM measurements	CATT

	Observation 1: Power consumption in RRM measurement is significant according to preliminary evaluation result. UE traffic load may impact the ratio of power consumption in RRM measurement in the overall power consumption.
Observation 2: The front-end processing, such as Channel tracking and pre-synchronization, in preparation of RRM measurement requires UE to wake up in advance before the DRX ON period, which leads to  considerable UE power consumption. 
Observation 3: Sparse SSB or CSI-RS signal in NR may require UE to wake up in extended time in advance in preparation of RRM measurement, and further increase the power consumption. 
Observation 4: The number of RRM measurements could be dynamically adapted to the channel variation to minimize the power consumption. 
Observation 5: Frequent wakeup for RRM measurement increase power consumption when DRX is configured.

Proposal 1: The on-demand RS could be configured before the DRX ON to minimize the RRM preparation time and the power consumption. 
Proposal 2: Study the effectiveness of UE mobility information acquisition in gNB to make RRM measurement relaxation. 
Proposal 3: Allow UE to form a L1 RRM measurement report based on multiple RRM measurement samples at one DRX ON period to reduce UE power consumption.

	R1-1810797	UE power Consumption Reduction in RRM Measurements	Intel Corporation

	Proposal 1:
o	Study the conditions for NR UE to skip or reduce the number of RRM measurements for UE in "stationary-mobility state" and  for UE in "very_high-mobility state".
Proposal 2:
o	Study a mechanism for a UE to report mobility related information (such as, history of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect) to the network.
Proposal 3:
o	Study the conditions for NR UE to be configured with multiple measurement objects (MO) to be activated or deactivated based on its current mobility state.
Proposal 4:
o	Study the conditions for NR UE in RRC_CONNECTED not having to do measurement in both SSB and CSI-RS when configured e.g. in "stationary-mobility state" and  for UE in "very_high-mobility state".
Proposal 5:
o	Study mechanism to enable efficient UE's transmission from RRC_CONNECTED into RRC_INACTIVE, and potentially even into RRC_IDLE.

	R1-1810894	Discussion on UE power consumption reduction in RRM measurement	Samsung

	Observation 1: Dynamic RRM measurement cancellation is supported in NR Rel-15.
Proposal 1: Study further enhanced dynamic RRM measurement adaptation in Rel-16.

	R1-1810988	UE power Consumption Reduction in RRM Measurements	Guangdong OPPO Mobile Telecom.

	Proposal 1: Study network assisted RRM measurements for UEs in RRC idle and inactive states
–	Potential assistance information include the physical cell IDs of the target measurement cells.
Proposal 2: Study enhanced reference signals for RRM measurements for UEs in RRC idle and inactive states.
Proposal 3: study network assisted RRM measurements for UEs in RRC connected state
–	Potential assistance information include the physical cell IDs of the target measurement cells.
Proposal 4: Study the adaptation of the measurement configurations based on UE’s actural states .
Proposal 5:Study the benefits of the UE’s reporting of its state.

	R1-1811012	NR power saving on RRM measurement	Spreadtrum Communications

	Proposal 1: Reusing RRM measurement relaxation for low mobility UEs could be considered in NR.
Proposal 2: WUS could be introduced in R16 NR.
Proposal 3: The following aspects could be studied if WUS is introduced:
-	Resource collision reduction;
-	False alarm reduction;
-	Overhead reduction.

	R1-1811138	Reducing UE power consumption in RRM measurements	Sony

	Proposal: RAN1 further studies the following techniques for reduction in UE power consumption through reduction in RRM measurement:
•	SFN-based synchronisation and SFN-based paging
•	Relaxation of RRM measurement requirements
•	UL-based mobility

	R1-1811284	UE Power Consumption Reduction in RRM Measurements	Qualcomm Incorporated

	RRC-INACTIVE, we have made the following observations and proposals: 
Observation 1: Rel-15 idle mode operation might have some disadvantages compared to LTE counterparts:
−	UE might need longer RF ON time and additional processing for RRM measurement
−	UE might need to wake up outside ON duration of I-DRX for RRM measurement
−	UE might need to wake up twice for RRM measurement and paging monitoring
−	Paging is not efficient at the network due to multi-beam paging beam sweeping, and at the UE due to beam selection before paging acquisition
Observation 2: It is likely that typical idle UEs will camp on FR1 for coverage and power savings.
Observation 3: An idle UE could have lower RRC connection setup latency and lower power consumption by camping in RRC-INACTIVE. 
Observation 4: With RRM enhancement based on SFN synchronization signals, 
-	UE energy consumption for RRM measurement could be upto 7 times lower than that for Rel-15 RRM measurement.
-	Additional UE power savings could come from no cell reselection when UE moves across cells within an RNA.

Proposal 1: RAN1 considers RRM measurement based on SFN synchronization signals in RRC-INACTIVE.
Proposal 2: RAN1 considers SFN paging for enabling power savings at both NW and UE in RRC-INACTIVE.

For RRC-CONNECTED, we have made the following observations and proposals: 
Observation 5: Rel-15 RRM might require some scheduling restrictions due to the use of different Rx beamforming and/or different sub-carrier spacings of RRM reference signals and/or measurement gap for intra/inter frequency measurements.

Proposal 3: RAN1 considers adaptive RRM measurement configuration in RRC-CONNECTED to minimize scheduling restriction and unnecessary UE power consumption.
-	Multiple RRM measurement configurations (e.g., measurement duration, periodicity and measurement gap) can be configured
-	A suitable measurement configuration can be dynamically indicated to UE.

	R1-1811383	Discussion on UE power Consumption Reduction in RRM Measurements	NTT DOCOMO, INC.

	Proposal: The relaxation of RRM measurement based on measurement result and/or measurement configuration should be studied for UE power consumption reduction in RRM.

	R1-1811481	UE Power Consumption Reduction in RRM Measurements	Nokia, Nokia Shanghai Bell

	Observation 1: Reducing the UE power consumption by reducing the RRM measurements should not impact negatively on the mobility performance
Observation 2: In FR1 in bands where 4 RX is mandatory, the UE may use 2 RX for measurements.
Observation 3: In connected mode, S-measure can be configured for UE to reduce RRM measurements when the current serving cell is in good condition
Observation 4: In IDLE mode, whe configured, UE cell search measurements are reduced when the current serving cell quality fullfills specific criterias
Observation 5: SMTC window configuration can provide power saving opportunities for UE.
Observation 6: UE RRM measurement requirements are relaxed in DRX mode and with relation to the DRX cycle length. Any further relaxtions for power saving purposes should be evaluated from mobility performance point of view.
Proposal 1: When analyzing the feasibility of a feature providing reduced power consumption the effect on moblity performance need to be considered as well.
Proposal 2: Study further the power saving potential of reducing Mobility CSI-RS measurements with and without association to SS/PBCH blocks.

	R1-1811503	RRM aspects of NR UE power saving	Ericsson

	Proposal 1	RAN1 should study adapting RRM measurement period to UE mobility.
Proposal 2	RAN1 should study feasibility of applying additional criteria to reduce the frequency of full measurement updates without compromising mobility robustness.
Proposal 3	Providing sub-slots within the SMTC window where the UE can skip performing RRM measurements should be studied
Proposal 4	RAN1 should study the benefits of providing UE with candidate cell T/F alignment information.
Proposal 5	RAN1 should consider optimization of Inter-Frequency RRM measurements.



[bookmark: _GoBack]
10/10
