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2. [bookmark: _Toc529948033]Potential enhancement for UE power saving for RRM measurements
2.1. [bookmark: _Toc529948034]Adaptive/relaxed RRM measurement

2.1.1. [bookmark: _Toc529948035]Adaptive/Relaxed number of measurements for intra-frequency serving cell and/or neighbor cells

Q1: Observations for measurement accuracy when relaxed RRM measurement in time-domain is adopted
	Collection of the views from companies’ contributions
Both for 3km/h and 30km/h, when the UE is in low mobility, the  number of RRM measurements could be reduced to less than 5 samples within 200 ms and  meet the RAN4 RRM performance requirements for the UE power saving   [CATT, Figure 1] 
The layer 3 RSRP accuracy will not degrade if the layer 1 RSRP sample is reported to layer 3 every two DRX cycles. The L3 RRM measurement periodicity can be relaxed to multiple paging DRX cycles. [vivo]



Two companies provides link-level simulation results for RRM measurement, i.e., RSRP/RSRQ accuracy when the number of samples are reduced within a particular period. Both of the results shows possibility to further reduce the samples within a measurement period while keep enough measurement accuracy.
	Possible observations:
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7]For low mobility casecertain conditions(e.g., low mobility deployment/UE speed),, the number of RRM RSRP measurement sampless for a every DRX cyclegiven duration (e.g., measurement period / evaluation period) can be relaxed without inferior reducingto the accuracy of existing measurement accuracy.
· 



	Company
	Comments

	
	

	Company A
	comments

	
	




Q2: Observations for power saving gain when relaxed RRM measurement in time-domain is adopted
IDLE/INACTIVE states:
Two companies provides numerical results for power saving gain for reducing number of sample per DRX cycle for IDLE states.
	Collection of the views from companies’ contributions
It means that there is no impact on cell reselection if the UE uses larger serving cell measurement period. For example, with reduction frequency of measurement for these UEs satisfying these conditions, if the serving cell measurement relaxes to every 2 DRX cycle from every one DRX cycle, 50% percent power is saved. [HW]
35% power saving gain can be observed assuming 1 sample per DRX cycle compared to 2 sample per DRX cycle. This is derived assuming CSI-RS is used while the measurement accuracy is kept as well. [vivo]



CONNECTED State:
Two companies provides numerical results for power saving gain for reducing number of sample per DRX cycle for CONNECT states.
	Collection of the views from companies’ contributions
For RRM power saving, reducing the “frequency” of the measurement wakeups can bring 14% to 48% power saving gain. [MTK]
Based on the above results, if the measurement period increase 4 times (i.e., 800ms), the power consumption can be reduced by 6.5 ~ 29%.  [vivo]



	Possible observations:
· RRelaxing the ‘frequency’ of  RRMRRM measurement in time domain isfor every DRX cycle is beneficial for UE power saving for RRC IDLE/INACTIVE/CONNECT states.
· 



	Company
	Comments

	
	

	Company A
	comments

	
	



Q3: Potential enhancement for relaxing/adapting number of measurements in time-domain for intra-frequency serving cell and/or neighbor cells.

Increasing measurement period 
	Views from companies’ contributions
Serving cell measurement relaxes to every 2 DRX cycle from every one DRX cycle, 50% percent power is saved [HW]
The time required for a UE to acquire a valid measurement could be delayed due to the skip within the measurement period. [Intel]
Extending existing RRC parameters [Samsung], more values for the periodicity and duration having finer granularity for SMTC
Relaxing the number of RRM measurement attempts in time domain based on the conditions regarding measurement result should be studied for UE power consumption reduction in RRM.
•	NW can fully control whether/how the above conditions can be applied for relaxing the number of RRM measurement attempts in time domain. [DoCoMo]




Several companies propose that the period of the measurement can be increased for UE power saving

Reducing number of samples within a period 
	Collection of the views from companies’ contributions
Skip samples. The time required for a UE to acquire a valid measurement is the same but UE can skip certain samples in the measurement period. [intel]
Study further the mechanisms by network to enable UE to adapt (to reduce) RRM measurements by indicating a subset of configured signals for RRM measurements. [Nokia]
Extending existing RRC parameters [Samsung], more values for the periodicity and duration having finer granularity for SMTC.




Several companies propose that for every wakeup, the number of samples for measurement can be reduced to save UE power. 

Flexible location of the samples within a period
	Collection of the views from companies’ contributions
Optimization on the configuration of CSI-RS transmission for RRM measurements should be discussed in Rel-16, e.g., applying constraints on the configuration of CSI-RS transmission for RRM on one carrier in a concentrated manner [HW]
RAN1 considers repetition of CSI-RS resources for mobility within a resource set. Therefore the UE may sweep its Rx beam within a measurement occasion and the periodicity of measurement can be increased for power saving. [QC]
Random sampling of RRM measurements within a measurement period shows similar performance to that of regular RRM sampling. [CATT]
NR should support multiple RRM measurements in one active period of DRX cycle for UE power saving purpose. [CATT]



From UE perspective, non-uniform distribution, e.g., concentrated manner, provides opportunity to better align the measurement with the DRX ON duration, thus reduce UE RF tuning on/off. Several companies propose to consider it for UE power saving.

	Possible offline observationsagreement:
· For intra frequency and/or inter frequency measurement,  the following approaches are to be studied,
· Increasing measurement period
· Reducing number of samples within a measurement period / SMTC window
· [Increasing the number of samples in each measurement occasion and increasing measurement periodFlexible location of the samples within a period, e.g., in a concentrated manner during a period than equally spaced]
· Other approaches are not precluded
· The studies should consider impact on the mobility performance.




	Company
	Comments

	
	

	Company A
	comments

	
	



Q4: Observations for power saving gain when reducing number of intra-frequency cells/beams for measurement
Reducing number of intra-frequency cells/beams for measurement/ cell search
	Collection of the views from companies’ contributions
Reducing the opportunity for cell–reselection by reducing the number of cells,[QC]
	L
	
	Power saving gain G (%)

	4
	2
	75

	8
	4
	87.5


Scale the above power saving gains accordingly from stand-by use case perspectives if needed.
RRM measurement based on SFN synchronization signals [QC], only for IDLE/INACTIVE UEs.

Vivo’s results shows that the overall power saving gain, which is achieved by reducing the opportunity for cell–reselection by reducing the number of cells from 8 to 4, can be 6% for synchronous case and 30% for asynchronous case.  [vivo]
[bookmark: _Toc528928499]RAN1 should study NW indication to the UE that there is no need to search for additional cells for a certain time forward. [Ericsson]
[bookmark: _Toc528928503]RAN1 should study the benefits of providing UE with additional cell T/F alignment information. [Ericsson]
Time offset per group of associated cells, can be signaled to UE. UE can perform cell-group based measurement in order to reduce the power consumption in RRM measurement in asynchronous network. [Samsung]
[bookmark: _Toc528928502]RAN1 should study allowing a camping UE in idle/inactive mode to halt the current RRM measurement when the UE observes that the quality of the camping cell (or a re-selection candidate cell) is good enough. [Ericsson]

Significant power can be saved for the cell search procedure when doing RRM measurement with assistant PCI ID information of the target measurements cells. Potential assistance information includes the physical cell IDs of the target measurement cells [OPPO]

Relaxing the number of measured cells/frequencies for neighbour cells based on the conditions regarding measurement result should be studied for UE power consumption reduction in RRM.  [DoCoMo]
· NW can fully control whether/how the above conditions can be applied for relaxing the number of measured cells/frequencies for neighbour cells.
For serving cell intra frequency measurement and when UE is in IDLE/INACTIVE state, adjacent directional beams of each SSB can be provided by gNB to reduce SSB number of UE RRM measurement. [HW]
Reduction in number of neighbor cells for RRM measurements with the help of directional information from SSB and CSI-RS is considered for further study. [HW]

Consider UE panel specific aspects for adapting RRM measurements for power saving. [Nokia]



Two companies reported that reducing the number of cells for intra-frequency measurement is beneficial with numerical results.
· Qualcomm’s analysis shows that the power saving gain w.r.t measurement, which is achieved by reducing the opportunity for cell–reselection by reducing the number of cells from 8 to 1, can be 87.5%
· Vivo’s results shows that the overall power saving gain, which is achieved by reducing the opportunity for cell–reselection by reducing the number of cells from 8 to 4, can be 6% for synchronous case and 30% for asynchronous case.
By observing the results from those numerical results and analysis, the following is proposed,
	Possible observations:
· Reducing the number of cells for intra-frequency measurement is beneficial for UE power saving.

Possible agreement:
· The following approaches can be considered for further studies for reducing the number of cells/beams: for intra-frequency measurement /cell search
· Reducing number of intra-frequency cells for measurement/ cell search 
· Reducing number of beams for  serving and/or neighboring cell measurement.
· Network provides additional information to UE
· cell T/F alignment
· directional information (from SSB or CSI-RS)
· cell ID list for cell detection
· etc.
· Other approaches are not precluded



	Company
	Comments

	
	

	Company A
	comments

	
	



2.1.2. [bookmark: _Toc529948036]Adaptive/Relaxed number of measurement for inter-frequency

	Collection of the views from companies’ contributions
Reduction in number of neighbor frequencies for RRM measurements with the help of directional information from SSB and CSI-RS is considered for further study. [HW]
The number of measured frequencies could be reduced in intra-band RRM measurements to reduce UE power consumption [CMCC]
The measured frequencies or frequency groups and the association relationships between measured frequencies or measured frequency groups can be indicated to UE in measurement configuration information. UE measures one frequency or frequency group among the associated frequencies or frequency groups to be measured, and the measurement results are applied to all the associated frequencies or frequency groups.[CMCC]

[bookmark: _Toc528928504]RAN1 should study ways for optimizing RRM measurements using improved measurement gap, SMTC, and serving and neighbor-cell SSB placement in time. [Ericsson]
RAN1 should study the benefits of providing UE with additional cell T/F alignment information. [Ericsson]




In order to reduce the inter-frequency measurement, the following directions are suggested for further studies,
· Reducing the measurement by grouping different frequencies within a band, since they have similar measurement results.
· Proving time-frequency alignment information for improving inter-frequency measurement
· Directional information from SSB and CSI-RS to reduce the number of frequencies for RRM measurement
· Cell ID list of inter-frequency cells to reduce number of cell search 

	Company
	Comments

	
	

	Company A
	comments

	
	



2.1.3. [bookmark: _Toc529948037]Other techniques
<void>
2.1.4. [bookmark: _Toc529948038]How to adapt the RRM measurement

Q5: how does the UE adapt the RRM measurement?

Details of certain conditions / UE assistant information and threshold based mechanism 
	Collection of the views from companies’ contributions
Threshold based mechanism by UE
Threshold based mechanism can be considered as a starting point. Study the referred conditions to enable adjustable RRM measurement period as a first step. [HW]
Threshold values can be defined for the UE to determine whether it is in stationary mobility state (or no-mobility state or low mobility state). [Intel]
· e.g., if a UE performs less than certain number of cell reselections during certain period of time period
For connected state, consider adapting RRM measurements by adapting the S-measure threshold based on UE specific conditions i.e. based signal measurements, UE mobility state, UE location in the cell for UE power saving. [Nokia]
Threshold based measurement relaxation (e.g., enhancement of s-Measure mechanism) can be further investigated to reduce UE power saving in RRM. [LGE]
gNB determines RRM measurement based on the following conditions without UE assistant information reported to gNB
The stationary or no mobility information is a fixed configuration of the UE which could be known e.g. via subscription, capabilities (e.g. at AS or NAS level), device type. [intel]
UE RRM relaxation triggering can be based on the Doppler estimation. [CATT]
Based on cell type, e.g., indoor cells. [vivo]
gNB determines RRM measurement based on the UE assistant information reported to gNB
whether a UE is or not stationary might be known by the UE via a non-3GPP mechanism e.g via GPS, and this information could be shared with the network [Intel]
A UE in RRC_CONNECTED can report mobility related information (e.g. including history of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect) to the network. [Intel]
To define a new "stationary-mobility state" for NR UEs (i.e. UEs with no mobility or very low mobility). [Intel]
To enable the activated or deactivated of a configured measurement objects (MO) based on its current mobility state.[Intel]
[bookmark: _Toc528928498]RAN1 should study approaches for UE reporting its mobility status and requesting suitable measurement configurations, under NW control. [Ericsson]
Study the adaptation of the measurement configurations based on UE’s actual states. [OPPO]
The adaptation can be triggered by UE according to conditions, such as UE mobility status, channel condition, and UE battery status [Samsung]
From system perspective, the mobility state is determined by the change in serving RS/signal, rather than UE velocity. [Nokia]



	Possible agreement
For adapting RRM measurement for UE power saving, if adopted, the following mechanisms and/or conditions can be considered:
· gNB determines RRM measurement based on the UE assistant information reported to gNB
· mobility related information
· Mobility state, history of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect
· channel condition
· change in serving RS/signal
· gNB determines RRM measurement based on the following conditions without UE assistant information reported to gNB
· subscription, capabilities (e.g. at AS or NAS level), device type
· based on the Doppler estimation
· cell type
· Threshold based mechanism by UE autonomously determination
· signal measurements, UE mobility state, UE location in the cell
· CA enhancement for S-measurement
· Other mechanisms and/or conditions are not precluded



	Company
	Comments

	
	

	Company A
	comments

	
	



Introduction of multiple/adaptive configuration(s)
	Collection of the views from companies’ contributions
RAN1 considers adaptive RRM measurement configuration in RRC-CONNECTED to minimize scheduling restriction and unnecessary UE power consumption.  [QC]
· 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.  

On Demand Measurement can be considered for UE’s power saving for RRM measurement. [ZTE]
A WUS can be used to indicate the presence of RS for RRM measurement [ZTE]

Variable configuration based on threshold [Intel]
RAN1 should study RRM measurement operation with multiple measurement profiles, switched via L1-2 mechanisms [Ericsson]
RAN1 should consider developing a common framework for lightweight, dynamic switching between multiple configurations previously provided to the UE via RRC signaling. [Ericsson]

Different measurement behaviors/configurations can be considered where one measurement configuration can include the relaxed RRM requirements and sparser measurement periodicities. [LGE]
Multiple RRM measurement configurations and one of them can be activated/indicated by MAC CE or L1 signaling (e.g., WUS/DCI). [Samsung]
Define a new requirement on RRM measurement which can be utilized for the power saving purpose. [Samsung]
The RRM measurement requirements could be optimized for UE power saving. [ZTE]
The relevant adaptive parameters from RRM measurement can include the periodicity of SMTC window, number of CSI-RS resources sets per target cell, periodicity of CSI-RS resources, and etc. [Samsung]



	Possible agreement
For adaptive RRM measurement, the following approaches are to be studiedcan be considered:
· Dynamically activated/indicated by gNB via
· L1 signalling, DCI or WUS
· MAC CE
· UE autonomous RRM adaptation based on certain rules which can be controlled by gNB




	Company
	Comments

	
	

	Company A
	comments

	
	



2.2. [bookmark: _Toc529948039]Additional resource for RRM measurement
2.2.1. [bookmark: _Toc529948040]Justification of additional resource

Q6: Justification of additional resource for RRM measurement
The numerical results are provided as follows,
Two companies provide numerical results by adding additional resource in order to alleviate misalignment of SSB and DRX ON duration.
MTK shows that additional resources can be used for AGC assistance and saving UE power, e.g., 
· Adding modified PSS around SSB can compensate PSS loss due to bad AGC tuning or 
· Additional occasion with UE specific wake up signal or a cell-specific signal, e.g., standalone SSS, can be configured before SSB to assist UE AGC tuning
The numerical results shows by adopting the additional resources (i.e., proposal 3 and 4 in the figure II in R1-1812363), the power consumption can be reduced from 62.65 to 42.4 (33%) if measurement per DRX is one.
Vivo shows that by measuring additional CSI-RS (every 10ms periodicity) before DRX ON duration, the following power saving gain compared to 20ms SSB measurement can be observed,
· 32.1% power saving gain if only CSI-RS is used for IDLE state serving cell measurement 
· 35.6% power saving if selecting SSB or CSI-RS which is closer to paging occasion is used for RRM
The results is derived by assuming the SSB is measured twice evrey DRX cycle, CSI-RS is measured once every DRX cycle. Thus the main benefits is from alleviating misalignment of SSB and DRX ON duration and reducing measurement samples meanwhile the additional resource provides sufficient measurement accuracy.
Alleviate misalignment of SSB and DRX ON duration 
	Collection of the views from companies’ contributions
To minimize system overhead, one possibility is to reuse the existing resource including TRS which is used to assist UE synchronization [MTK]
SSB in different frequency layers QCLed to the initial access SSB used for system off-loading [MTK]
WUS can be used for RRM measurement. [ZTE]
Additional on-demand RS could be configured to assist UE performing AGC training, channel tracking, RRM measurement and CSI measurement after UE wakeup from long sleep. [CATT]
Option 1(CSI-RS/TRS) and option 2 (PBCH) as listed above can be considered as the additional RRM measurement reference signals.[OPPO]
The candidate RS can be CSI-RS or WUS if supported [Samsung]
Use of CSI-RS for idle state RRM measurement does not cause issues from network overhead or UE complexity perspective. [Vivo]




Additional resources for AGC assistance 
	Collection of the views from companies’ contributions
Additional occasion with UE specific wake up signal or a cell-specific signal, e.g., standalone SSS, can be configured before SSB to assist UE AGC tuning. [MTK]
Adding modified PSS around SSB can compensate PSS loss due to bad AGC tuning [MTK]
Additional on-demand RS could be configured to assist UE performing AGC training, channel tracking, RRM measurement and CSI measurement after UE wakeup from long sleep. [CATT]



Reduce measurement sample and/or increase measurement period without inferior to existing measurement accuracy
	Collection of the views from companies’ contributions
For UE in idle state, about 35% power saving gain can be achieved if CSI-RS can be introduced as an additional measurement RS, based on which the measurement samples can be reduced and the measurement accuracy can still be guaranteed.  [Vivo]
Additional standalone SSS can be configured in frequency domain to assist measurement accuracy and RRM for SCC or BWP without SSB. [MTK]



Hence, the following purpose for additional RS for RRM measurement can be summarized based on the numerical results and proposals from companies’ contributions, 
· Alleviate misalignment of SSB and DRX ON duration,  
· Additional resource around the measure occasion for AGC assistance, 
· reducing measurement samples meanwhile the additional resource provides sufficient measurement accuracy.
	Possible observation
Additional RS for RRM measurement can be beneficial for UE power saving from the following aspects: 
· Alleviate misalignment of SSB and DRX ON duration,  thus the UE power consumption can be reduced.
· Additional resource around the measure occasion for AGC assistance, thus reducing UE wake on/off for multiple times.
· Reducing measurement samples meanwhile the additional resource provides sufficient measurement accuracy.
· Other aspects




	Company
	Comments

	
	

	Company A
	comments

	
	



2.2.2. [bookmark: _Toc529948041]Procedure on how to use additional resources?

	Collection of the views from companies’ contributions
The information on extra resource configuration is provided in RMSI of each cell. Serving cell may also provide neighbor cell’s configuration information to UE via RRC signaling. [MTK]

configure additional RS for RRM measurement outside C-DRX on duration [Samsung]

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

Additional occasion with UE specific wake up signal or a cell-specific signal, e.g., standalone SSS, can be configured before SSB to assist UE AGC tuning. [MTK]
Adding modified PSS around SSB can compensate PSS loss due to bad AGC tuning [MTK]

WUS can be used for additional resources. [Samsung, ZTE]




Hence, the following are proposed,

	Possible agreement

The following approaches for additional resource for RRM measurement in order to save UE power is proposed,
· Study further additional RS for RRM measurement can be inside / outside DRX ON duration
· FFS location of the additional RS, e.g., close to DRX ON duration, SSB
· Study further the additional RS used for RRM measurement by considering the following signals,
· CSI-RS, including TRS
· 
· WUS
· Modified PSS
· Standalone SSS
· Other signals are not precluded
· The additional RS can be used for both RRC IDLE/INACTIVE and RRC CONNECTED state
…



	Company
	Comments

	
	

	Company A
	comments

	
	



2.3. [bookmark: _Toc529948042]Other techniques
RAN1 related
At least for FR2, RAN1 studies multi-panel RRM measurement options for UE power savings: [QC]
· The link to the serving cell may not be interrupted during the RRM measurement.
Consider UE panel specific aspects for adapting RRM measurements for power saving. [Nokia]


RAN2 related
Study mechanism to enable efficient UE's transmission from RRC_CONNECTED into RRC_INACTIVE, and potentially even into RRC_IDLE, e.g. introducing some of UE's indication or timer based approach.[Intel]

	Company
	Comments

	
	

	Company A
	comments

	
	



3. [bookmark: _Toc529948043]Remaing issues for scenarios 
3.1. [bookmark: _Toc529948044]Scenarios for UE power saving for RRM measurements

Scenarios
RAN1 considers RRM measurement based on SFN synchronization signals in RRC-INACTIVE.[QC]

Issues for UE power saving for RRM measurement 
Multi-beam/multi-cell related RRM measurement issues.
[bookmark: _Toc528842836]RRM measurements are expected to significantly contribute to UE energy consumption, especially in FR2 due to beam-swept transmission of the measurement signals and due to wide-BW operation compared to LTE. [Ericsson]
Possible misalignment between SSB(s)/SMTC and DRX ON duration
The non-alignment of SMTC window and DRX on-duration as well as AGC tuning can bring 56% to 131% of power overhead to NR RRM power consumption. [MTK]

	Company
	Comments

	
	

	Company A
	comments

	
	



4. [bookmark: _Toc529948045]Background : Release 15 NR RRM measurement
For further discussion and referring, the RRM measurement described in the current specification is presented in this section. 
SA RRC_IDLE/INACTIVE state
1) Measurement and evaluation of serving cell (TS38.133 V15.3.0 section 4.2.2.2)
The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in [1] for the serving cell at least once every M1 DRX cycle; where:
M1=2 if SMTC periodicity (TSMTC) > 20 ms and DRX cycle ≤  0.64 second,
otherwise M1=1.
The UE shall filter the SS-RSRP and SS-RSRQ measurements of the serving cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by, at least DRX cycle/2.
If the UE has evaluated according to Table 4.2.2.1-1 in Nserv consecutive DRX cycles that the serving cell does not fulfil the cell selection criterion S, the UE shall initiate the measurements of all neighbour cells indicated by the serving cell, regardless of the measurement rules currently limiting UE measurement activities.
If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information for 10 s, the UE shall initiate cell selection procedures for the selected PLMN as defined in TS 38.304 [1].
Table 4.2.2.1-1: Nserv
	DRX cycle length [s]
	Nserv [number of DRX cycles]

	0.32
	M1*N1*[4]

	0.64
	M1*N1*[4]

	1.28
	N1*[2]

	2.56
	N1*[2]

	NOTE 1:	N1=[TBD] for frequency range FR2, and N1=1 for frequency range FR1.




2) Measurements of intra-frequency NR cells (TS38.133 V15.3.0 section 4.2.2.3)
…
The UE shall measure SS-RSRP and SS-RSRQ at least every Tmeasure,NR_Intra (see table 4.2.2.3-1) for intra-frequency cells that are identified and measured according to the measurement rules.
The UE shall filter SS-RSRP and SS-RSRQ measurements of each measured intra-frequency cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by at least Tmeasure,NR_Intra/2.
The UE shall not consider a NR neighbour cell in cell reselection, if it is indicated as not allowed in the measurement control system information of the serving cell.
…
Table 4.2.2.3-1 : Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	0.32
	11.52 x N1 x M2 [36 x N1 x M2]
	1.28 x N1 x M2 (4 x N1 x M2)
	5.12 x N1 x M2 (16 x N1 x M2)

	0.64
	17.92 x N1 [28 x N1]
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	32 x N1 [25 x N1]
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	58.88 x N1 [23 x N1]
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:	N1=[TBD] for frequency range FR2, and N1=1 for frequency range FR1.
Note 2:	M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.



3) Measurements of inter-frequency NR cells (TS38.133 V15.3.0 section 4.2.2.4)
…
The UE shall measure SS-RSRP or SS-RSRQ at least every Kcarrier * Tmeasure,NR_Inter (see table 4.2.2.4-1) for identified lower or equal priority inter-frequency cells. If the UE detects on a NR carrier a cell whose physical identity is indicated as not allowed for that carrier in the measurement control system information of the serving cell, the UE is not required to perform measurements on that cell.
The UE shall filter SS-RSRP or SS-RSRQ measurements of each measured higher, lower and equal priority inter-frequency cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by at least Tmeasure,NR_Inter/2.
…
Table 4.2.2.4-1 : Tdetect,NR_Inter, Tmeasure,NR_Inter and Tevaluate,NR_Inter
	DRX cycle length [s]
	Tdetect,NR_Inter [s] (number of DRX cycles)
	Tmeasure,NR_Inter [s] (number of DRX cycles)
	Tevaluate,NR_Inter [s] (number of DRX cycles)

	0.32
	11.52 x N1 x 1.5 x [36 x N1 x 1.5]
	1.28 x N1 x 1.5 (4 x N1 x 1.5)
	5.12 x N1 x 1.5 (16 x N1 x 1.5)

	0.64
	17.92x N1 [28 x N1]
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	32 x N1 [25 x N1]
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	58.88 x N1 [23 x N1]
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:	N1=[TBD] for frequency range FR2, and N1=1 for frequency range FR1.



Editor’s Note: It is FFS how to address the scenario when SMTC periodicity = 160 ms and DRX cycles = 320 ms in both intra-frequency and inter-frequency carriers, and also SMTC durations fully collide on both intra-frequency and inter-frequency carriers.
RRC_CONNECTED state
1) Intra-frequency measurements with no measurement gaps (TS38.133 V15.3.0 section 9.2.5)
a) Intrafrequency cell identification (a.k.a cell search)
The UE shall be able to identify a new detectable intra frequency cell within Tidentify_intra_without_index if UE is not indicated to report SSB based RRM measurement result with the associated SSB index, or the UE has been indicated that the neighbour cell is synchronous with the serving cell. Otherwise UE shall be able to identify a new detectable intra frequency cell within Tidentify_intra_with_index. The UE shall be able to identify a new detectable intra frequency SS block of an already detected cell within Tidentify_intra_without_index. It is assumed that  deriveSSB-IndexFromCellis always enabled for FR2, and hence the identification time is always Tidentify_intra_without_index
…
Table 9.2.5.1-1: Time period for PSS/SSS detection, (Frequency range FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max[ 600ms, ceil( [5] x Kp) x SMTC period ]Note 1

	DRX cycle≤ 320ms
	max[ 600ms, ceil(1.5x [5] x Kp) x max(SMTC period,DRX cycle) ] 

	DRX cycle>320ms
	Ceil([5] x Kp) x DRX cycle

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



[bookmark: _Hlk508005926]Table 9.2.5.1-2: Time period for PSS/SSS detection, (Frequency range FR2)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max[ 600ms, ceil(Mpss/sss_sync_w/o_gaps  x Kp x KRLM)  x SMTC period ]Note 1

	DRX cycle≤ 320ms
	max[ 600ms, ceil(1.5 x Mpss/sss_sync_w/o_gaps  x Kp x KRLM) x max(SMTC period,DRX cycle) ]

	DRX cycle>320ms
	Ceil(Mpss/sss_sync_w/o_gaps  x Kp x KRLM)  x DRX cycle

	…
	…

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Table 9.2.5.1-3: Time period for time index detection (Frequency range FR1)
	DRX cycle
	TSSB_time_index_intra

	No DRX
	max[120ms, ceil( 3 x Kp ) x SMTC period ]Note 1

	DRX cycle≤ 320ms
	max[120ms, ceil (1.5 x 3 x Kp) x max(SMTC period,DRX cycle) ]

	DRX cycle>320ms
	Ceil(3 x Kp) x DRX cycle

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified




Table 9.2.5.1-4: Time period for PSS/SSS detection, deactivated SCell (Frequency range FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	[5] x measCycleSCell

	DRX cycle≤ 320ms
	 [5] x max(measCycleSCell, 1.5xDRX cycle)

	DRX cycle> 320ms
	[5] x max(measCycleSCell, DRX cycle)



Table 9.2.5.1-5: Time period for PSS/SSS detection, deactivated SCell (Frequency range FR2)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	Mpss/sss_sync_w/o_gaps x measCycleSCell

	DRX cycle≤ 320ms
	 Mpss/sss_sync_w/o_gaps x max(measCycleSCell, 1.5xDRX cycle)

	DRX cycle> 320ms
	Mpss/sss_sync_w/o_gaps x max(measCycleSCell, DRX cycle)



Table 9.2.5.1-6: Time period for time index detection, deactivated SCell (Frequency range FR1)
	DRX cycle
	TSSB_time_index_intra

	No DRX
	[3] x measCycleSCell

	DRX cycle≤ 320ms
	 [3] x max(measCycleSCell, 1.5xDRX cycle)

	DRX cycle> 320ms
	[3] x max(measCycleSCell, DRX cycle)



…
b) measurement period
Editor’s Note : The requirements below have been derived so far assuming no configured Scell or E-UTRA SCell. The requirements when one or more SCells or E-UTRA SCells are configured is for further study. The requirements below have been derived without considering gap sharing when all SMTC occasion are fully overlapping with measurement gaps.
The measurement period for intrafrequency measurements without gaps is as shown in table 9.2.5.2-1, 9.2.5.2-2, 9.2.5.2-3 (deactivated SCell) or 9.2.5.2-4(deactivated SCell).
Table 9.2.5.2-1: Measurement period for intrafrequency measurements without gaps(Frequency FR1)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max[ 200ms, ceil( 5 x Kp) x SMTC period ]Note 1

	DRX cycle≤ 320ms
	max[ 200ms, ceil(1.5x 5 x Kp) x max(SMTC period,DRX cycle) ] 

	DRX cycle>320ms
	ceil( 5 x Kp ) x DRX cycle

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Table 9.2.5.2-2: Measurement period for intrafrequency measurements without gaps(Frequency FR2)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max[ 400ms, ceil(Mmeas_period_w/o_gaps x Kp x KRLM) x SMTC period ]Note 1

	DRX cycle≤ 320ms
	max[ 400ms, ceil(1.5x Mmeas_period_w/o_gaps x Kp x KRLM) x max(SMTC period,DRX cycle) ] 

	DRX cycle>320ms
	ceil(Mmeas_period_w/o_gaps xKp x KRLM ) x DRX cycle

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Table 9.2.5.2-3: Measurement period for intrafrequency measurements without gaps (deactivated SCell) (Frequency range FR1)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	[5] x measCycleSCell

	DRX cycle≤ 320ms
	[5] x max(measCycleSCell, 1.5xDRX cycle)

	DRX cycle> 320ms
	[5] x max(measCycleSCell, DRX cycle)



Table 9.2.5.2-4: Measurement period for intrafrequency measurements without gaps (deactivated SCell) (Frequency range FR2)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	Mmeas_period with_gaps x measCycleSCell

	DRX cycle≤ 320ms
	 Mmeas_period with_gaps x max(measCycleSCell, 1.5xDRX cycle)

	DRX cycle> 320ms
	Mmeas_period with_gaps x max(measCycleSCell, DRX cycle)



2) Intra-frequency measurements with measurement gaps (TS38.133 V15.3.0 section 9.2.6)
[Please refer to TS38.133 V15.3.0 section 9.2.6]

5. [bookmark: _Toc529948046]Summary of the previouos agreements
RAN WG1#94bis, Chengdu, China
	Agreements:
· RRM power saving study should consider RRC IDLE, INACTIVE and CONNECTED states.

Agreements:
· Further study on relaxing/adapting RRM measurement for UE power saving, 
· Relaxing/adapting 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/adapting 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, etc.
· FFS impact on measurement/mobility performance
· Relaxed/adapting measurement report (if any)
· Other solutions are not precluded.

Agreements:
· Further study on the benefit/impact for additional resource for RRM measurements for power saving for mobility performance not inferior to that of Rel-15 
· 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.

Agreements:
· Focus on stationary (e.g., 0km/h), pedestrian (e.g., 3km/h) and vehicular (e.g., 30km/h) scenarios for further studies when considering UE power saving techniques for RRM measurements,
· Further studies UE power saving for RRM measurement by considering the following issues
· Multi-beam/multi-cell related RRM measurement issues.
· Possible misalignment between SSB(s)/SMTC and DRX ON duration



6. [bookmark: _Toc529948047]Study Item Description
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
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