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During the RAN2#105bis meeting, RAN2 had online discussion about NR power saving for RRM measurements. RAN2 made the following agreements.
	1. RAN2 evaluates RRM measurement relaxation in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE.
2. RAN2 to evaluate relaxed monitoring criteria under which the UE may relax RRM measurements. The relaxed monitoring criteria may include the following aspects, but are not limited to:
•	UE mobility status (e.g. serving cell variation, speed, movement, direction, cell (re-selection, UE type …)
•	Link quality (e.g. serving cell threshold/quality, position in cell, …)
•	Serving cell beam status (e.g. beam change, direction, beam specific link condition…)
3. Serving cell measurements are not excluded from the evaluation of relaxed RRM measurements for now.


To progress for further details, RAN2 also set up the following email discussion:
	[105bis#29][NR/Power Savings] RRM solutions (Mediatek)
-	Summary of proposed solutions for RRM measurement relaxation and companies view on the relaxation and whether the solution has RAN4 impacts
-	Relaxed monitoring criteria solutions and company opinions
 	Intended outcome: Set of agreeable proposals, TP, and draft LS to RAN4 email discussion completion and set of agreeable proposals is extracted.
	Deadline:  Thursday 02/05/2019


In this email discussion, we invite companies to share their views on further details NR power saving for RRM measurements.
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Measurement rules
The measurement rules defined in RAN2 specifications can be summarized as follows.
RRC_IDLE
· Intra-frequency: If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements. Otherwise, the UE shall perform intra-frequency measurements.
· Inter-frequency/Inter-RAT: UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133. If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform measurements of NR inter-frequencies or inter-RAT frequency cells of equal or lower priority. Otherwise, the UE shall perform measurements of NR inter-frequencies or inter-RAT frequency cells of equal or lower priority according to TS 38.133.
RRC_CONNECTED
The network may configure an RRC_CONNECTED UE to perform measurements and report them in accordance with the measurement configuration. The configuration may indicate frequencies, list of cells, reference signals, and quantities to be measured and reported. If serving cell RSRP is larger than or equal to s-MeasureConfig, UE may choose not to measure non-serving cells
LTE/NB-IoT Relaxed monitoring
If the UE supports relaxed monitoring and s-SearchDeltaP is present in SIB3, the UE may further limit the needed measurements in RRC_IDLE, even when serving cell RSRP is below S-thresholds. The UE may choose not to perform intra-frequency or inter-frequency measurements for up to 24 hours, when the relaxed monitoring criterion, i.e., (SrxlevRef – Srxlev) < SSearchDeltaP for a period of TSearchDeltaP, is fulfilled.
In Rel-15 NB-IoT, for UE operating WUS, the UE is allowed to relax RRM measurements for serving cell, at least for low mobility UEs, to once every N DRX cycles (N>1). And the RRM measurement relaxation is enabled/disabled by the network.
Measurement requirements
Below is a summary of RAN4 measurement requirements (TS 38.133).
RRC_IDLE/INACTIVE
· (time) The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S for the serving cell at least once every DRX cycle; if SMTC periodicity is long and DRX cycle is short, measurement can be done every 2 DRX cycles. The UE shall measure SS-RSRP and SS-RSRQ with pre-defined minimum interval for intra-frequency and inter-frequency cells that are identified and measured according to the measurement rules. For example, minimum measurement interval for intra-frequency cells is shown below (Table 4.2.2.3-1, TS38.331):
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	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
	
	5
	17.92 x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

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

	Note 1:	Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle length.
Note 2:	M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.



· (frequency) For idle mode cell re-selection purposes, the UE shall be capable of monitoring at least the intra-frequency carrier, and depending on UE capability, 7 NR inter-frequency, 7 E-UTRA FDD inter-frequency, and 7 E-UTRA TDD inter-frequency carriers. In addition, a UE supporting E-UTRA measurements in RRC_IDLE state shall be capable of monitoring a total of at least 14 carrier frequency layers.
· The UE shall search every layer of higher priority at least every Thigher_priority_search = ([60] * Nlayers) seconds, where Nlayers is the total number of higher priority NR and E-UTRA carrier frequencies broadcasted in system information.
RRC_CONNECTED
In RRC_CONNECTED, there are also requirements on the number of inter-frequency and inter-RAT carriers to be measured. In addition, requirements on number of cells and SSBs to be measure are defined.
· For each intra-frequency layer, the UE shall be capable of monitoring at least 8(6) cells, and during each layer 1 measurement period, the UE shall be capable of monitoring at least [14(24)] SSBs, for FR1(FR2).
· For each inter-frequency layer, the UE shall be capable of monitoring at least 4 cells, and during each layer 1 measurement period, the UE shall be capable of monitoring at least 7 SSBs.
The measurement period is defined in TS 38.133 for different scenarios. For example, measurement period for intra-frequency measurements without gaps in FR1 is shown below (Table 9.2.5.2-1, TS 38.133):
	DRX cycle
	T SSB_measurement_period_intra  

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

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

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

	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
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Measurement relaxation criteria 
If RRM measurement relaxation is to be configured, we need to define the measurement relaxation criteria. Here is a summary of solutions currently on the table.
	Category	Comment by Huawei: It could make more sense to categorise into

 Link quality based
 Position/speed based
 Other

	Criteria
	Example

	UE movement & link quality stability
	Serving cell variation; serving beam quality variation

	If serving cell RSRP drop is below a threshold within a given duration, the UE is considered stationary or low mobility, and it can skip  relax serving cell and neighbour cell monitoring for a period up to 24 hours. (Relaxed monitoring for NB-IOT)	Comment by Ericsson (Martin): I assume that this example is supposed to reflect the LTE relaxed monitoring criterion? I do not think that the serving cell drop has to be within a certain duration, i.e. when the UE has measured a drop over a short or long duration the UE determines that the relaxed criterion is not met. But when neighbour cell measurements were triggered by a drop in serving cell, which do not lead to a re-selection (e.g. UE has become stationary at the cell border, but does not re-select to the neighbour cell), then the serving cell drop is “reset”, i.e. the reference value becomes the current serving cell quality. 	Comment by Huawei: Could either reset the reference or define a duration (which would automatically reset the reference). 	Comment by MediaTek (Li-Chuan): Yes this is to reflect the LTE method. By ‘duration’, I meant TSearchDeltaP; I agree that the reference level can be updated.
Serving beam quality variation may also be considered to determine UE mobility

	
	Serving beam change
	If UE changes its serving beam or if there is a change in TCI state, it may not be considered stationary even the cell quality drop is within a threshold

	
	UE speed and direction; 
Beam direction
	If a UE is moving toward inside the cell coverage from edge of the cell coverage, the serving cell RSRP may increase. In this case, the UE may relax the RRM measurements.	Comment by Huawei: Removed because it looks pretty similar to the first row condition (I.e. based on the serving cell variation). Actually the condition described in the first row covers this already because UE moving towards cell centre would mean that serving cell drop is below the threshold and so measurements can be relaxed.  

This row is labelled as UE speed and direction and beam direction.
Network can identify the neighbour cells/frequencies/SSBs to be measured when UE is in a fixed path, reducing the size of measurement set. By configuring the relationship, e.g., based on the speed/ history/direction, UE can autonomously select the neighbour cells/frequencies/SSBs to be measured.
Direction of serving beam implies direction of UE travel, and could be used for reducing the number of cells it has to measure.

	
	Number of cell changes in a given interval
	UE may relax RRM measurements Number of cell changes in a given interval is less than a certain 

	
	Network utilizing assistance information
	UE mobility history

	
	Cell type
	For indoor case, the UE is stationary or very low mobility. 

	UE position & link quality value
	serving cell / beam quality
	Measurement frequency can be reduced if serving cell / beam quality is good.

	
	Relative serving vs. neighbour cell / beam quality
	Measurement frequency can be reduced if neighbour cell / beam quality is relatively low (absolute or relative to serving).

	
	non-3GPP information
	GPS input for UE location or UE sensor info

	
	Serving beam ID
	Network can identify the neighbour cells/frequencies/SSBs to be measured for different serving beams.  By configuring the relationship, e.g., association between serving SSB/CSI-RS index and measured set, UE can autonomously select the neighbour cells/frequencies/SSBs to be measured

	Frequency related deployment scenarios
	Co-site deployed Intra-band frequencies
	For inter-frequency RRM measurement, the number of measurement frequencies can be reduced if several intra-band frequency layers are co-site deployed, since the channel condition of one carrier is the same as other carries and the RRM measurement results, at least for RSRP, are the same for these frequencies.

	
	Spotty deployment of inter frequency cells
	For inter-frequency RRM measurement, the number of measurement frequencies can be reduced if a frequency is not deployed in a particular direction of UE movement.	Comment by Huawei: It sounds the same as “UE speed and direction; 
Beam direction” row?

	Others
	(if any)
	



Now we invite companies to comment on the measurement relaxation criteria. Measurement relaxation may be applied to different scenarios, covering (1) RRC state (RRC_CONNECTED or RRC_IDLE/INACTIVE, and (2) serving or neighbour cell, i.e., totally 4 scenarios to be considered. If measurement relaxation is supported in a specific scenario, how should the measurement relaxation criteria be defined? Please indicate the entering conditions (UE enters “relaxed monitoring” mode) as well as the leaving conditions (UE goes back to “normal monitoring” mode).
Q1: If RRM measurement relaxation for serving cell is supported for UE in RRC_CONNECTED, how should the measurement relaxation criteria be defined? Or the reason to support or not support this.	Comment by Chenli-vivo: It is duplicated with Q5-Q9. The scenario down selection can be discussed in Q5-Q9 with the solutions.  
Here, there is no need to make the high level down selection, since we have the agreements in RAN2#105, #105bis:
RAN2 evaluates RRM measurement relaxation in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE.
RAN2 to evaluate the feasibility to relax the serving and neighbour cell measurements for NR UE.	Comment by MediaTek (Li-Chuan): Let me explain again about how the questions are structured:
Following chairman’s note, in the first part, we ask about the relaxation criteria, i.e., under what conditions the measurement can be relaxed. Then in the second part, we ask about how to relax (in time, frequency, etc.)
Of course the relaxed monitoring criteria adopted may affect the relaxation method. Companies may provide further explanations in the second part.
	Company name
	Comments

	vivo
	In our understanding, all these relaxation should be controlled by the network. 
The TR captures three ways of relaxation as follows,
· gNB controlled RRM measurement operation with UE assistance information reported to gNB, e.g.,
· mobility related information (e.g., mobility state, history of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect, the number of handovers for certain period, etc.)
· channel condition (e.g. change in serving RS/signal)
· gNB controlled RRM measurement operation without UE assistance information reported to gNB based on certain conditions, e.g.,
· Doppler estimation for RRC CONNECTED states
· cell type (e.g., small cell/macro cell)
· gNB controlled threshold to support UE autonomous RRM measurement adaptation based on e.g.,
· signal measurements (e.g., RSRP)
· UE mobility state (e.g., low/medium/high mobility)
· UE location in the cell (e.g., cell-center/cell-edge)
· S-measure enhancement (e.g. S-measure for SCell, CSI-RS) 
In order to conclude the study for this part, we think the three below solutions are more feasible and simple. 
For gNB controlled RRM measurement relaxation without UE assistance information, the relaxation can be enabled based on cell type, e.g. indoor cell.
For gNB controlled threshold to support UE autonomous RRM measurement adaptation, the relaxation can be enabled based on the serving cell quality, e.g. RSRP.
For gNB controlled RRM measurement relaxation with UE assistance information reported to gNB, the relaxation can be based on network enable/disable indication. The UE assistance information can be UE mobility information, handover history information. 

	OPPO
	NO, due to mobility performance concern, there is no more benefit to relax both serving and neighbour cell measurement than to relax the neighbour cell measurement.

	MediaTek
	Serving cell measurement relaxation should not be supported. UE should keep track on serving cell quality.

	CATT
	No strong view. RRM measurement relaxation for serving cell in RRC_CONNECTED can be applied to stationary UEs.

	Sony
	We think that relaxation of serving cell measurements should be done with caution as it may affect the performance.

	Intel
	For RRC_CONNECTED UE – the criteria to trigger the RRM measurement relaxation for serving or neighbour cell:
· As a baseline, UE in RRC_CONNECTED should be indicated by the network when RRM measurement can be relaxed for serving and/or neighbor cell. In the case of serving cell, there might also be differentiation between PCell, (de)activated SCell and PSCell.
· It can be left FFS whether some of the rules defined for RRC_IDLE/INACTIVE UEs could be enabled/configured to also be used for a RRC_CONNECTED UEs.
· For RRC_CONNECTED UEs, network could also use the mobility related information that the UE could provide when establishing or resuming the RRC connection. However this topic is under discussion in the ongoing email discussion #28 on UE assistance information.

	Ericsson
	We see risks and no great advantages to relax serving cell measurements in connected mode. 
But if this is agreed, then there should be NW control over how and when the serving cell measurements can be relaxed. 

	Apple
	The measurement requirement on serving cell and neighbour cell is same for the intra-frequency measurement. So we should support the measurement relaxation on both serving and neighbour cell. 

The criteria for serving cell measurement relaxation should be based on UE mobility and serving cell’s radio link quality. For example, if for a certain period average UE mobility is stationary or pedestrian speed (below 3kmph) and if serving cell SS-RSRP/SS-RSRQ is above the configured threshold, then relaxed measurement should be triggered.

When in measurement relaxation mode and if entry criteria is no longer met, or UE experiences either one of handover, beam failure, beam recovery, beam switching, RLF, reestablishment, RRC state change or there is a change in measurement configuration received from NW, UE should leave the measurement relaxation mode. 

If some special services is ongoing, e.g. PWS reception or emergency call, UE should not relax the measurement regardless of the criteria met or not.

	LG
	Serving cell quality is the major condition for measurement relaxation. Therefore, for the mobility performance and more accurate relaxation criterion, serving cell measurement shall not be relaxed.

	Nokia, Nokia Shanghai Bell
	Serving cell measurements in CONNECTED should not be relaxed, because it would easily lead to HO and RLF failures which is not acceptable i.e. increasing the probability of loss of service and affect network KPIs negatively. In addition, if serving cell measurements are relaxed UE would not be able to determine in due time that the conditions are changing, and that normal measurement activity should be resumed. 

	Huawei, HiSilicon
	The serving link quality can always be used.  When UE is in relatively good coverage, e.g., serving cell quality is lower than S-measure but above a second threshold, no need for urgent L3 measurement for preventing loss of coverage, UE can reduce the measurement rates for serving cell.

	ZTE
	We think UE should monitor the quality of serving cell to trigger handover measurement timely, so measurement relaxation on serving cell should not be supported.    

	Qualcomm
	We think RRM relaxation for serving cell is supported in only limited conditions, e.g. when link quality is good and UE mobility is low. Even in those cases it is best to confirm with RAN4 if that has impact on timing requirement. For example, UL timing error requirement may be not be met if interval between SSB measurements is too long.  

	NTT DOCOMO
	We think that for serving cell measurement, the current DRX cycle based relaxation will be sufficient. 



Q2: If RRM measurement relaxation for neighbour cells is supported for UE in RRC_CONNECTED, how should the measurement relaxation criteria be defined? Or the reason to support or not support this.	Comment by Chenli-vivo: It is duplicated with Q5-Q9. The scenario down selection can be discussed in Q5-Q9 with the solutions.  
	Company name
	Comments

	CMCC
	We support to introduce inter-frequency RRM measurement relaxation for neighbour cells for UE in RRC_CONNECTED, the measurement relaxation criteria could be defined as whether the frequencies to be measured are co-site deployed intra-band frequencies or not, and this information could be provided by gNB through higher layer signalling/configuration.

For co-site deployed intra-band frequencies, the number of measurement frequencies can be reduced in inter-frequency RRM measurement, since the channel condition of one carrier is the same as other carries and the RRM measurement results, at least for RSRP, are the same for these frequencies.

	vivo
	According to current TS 38.133, RRM measurement requirements for intra-frequency don’t distinguish the serving cell and neighboring cell. The measurement period as defined in the speciation is applicable for both serving cell and neighboring cell in one value. We donot see any strong motivation to have this separate criteria discussion for neighboring cell. 
For the scenario that neighboring cell has the same RRM measurement relaxation mechanism (e.g. in time domain), the same criteria of serving cell RRM measurement relaxation should be applied for neighboring cell. 
For the reduction of neighboring cell number, additional criteria should be considered, e.g. serving cell or neighboring cell quality variation.


	OPPO
	Support. The UE location can be expressed by strongest beam instead of cell id compared LTE. So number of frequency and cell for the neighbour cell measurement can be reduce based on the UE current serving beam.

	MediaTek
	In RRC_CONNECTED, RRM measurement relaxation for neighbour cell should be supported. The criteria should be based on relative serving vs. neighbour cell (or best beam) strength. For example, the criteria can be defined as:

(1) UE enters relaxed monitoring mode if
  Strength serving – best neighbour cell (beam) > D1 for T1
(2) UE resumes normal monitoring if
  Strength serving – best neighbour cell (beam) ≤ D2 for T2, or
  Serving cell not suitable

Also, mobility robustness should be well-maintained.

	CATT
	Based on RAN1 evaluations in TR 38.840, we can observe:
· Gains are shown when UE measures less frequent:
· Connected mode e.g. measurement period is increased 2 to 4 times:
· Limited impact on HO failure for stationary/low mobility (e.g., 3km/h) UE
· Idle/Inactive e.g. UE measures only every 2nd or 4th DRX cycle
· Mobility performance impact due to increased measurement period was evaluated [15]:
· There is less impact for stationary or low mobility UEs, e.g. 0.26% handover failure rate for 3km/h case by 4 times increase of measurement period (from 200 ms baseline) compared to high mobility cases, e.g. 1% handover failure for 60km/h case by 4 times increase of measurement period.
Hence, we support to introduce RRM measurement relaxation for neighbour cells for stationary/low mobility UEs in RRC_CONNECTED. As for how to determine stationary/low mobility UEs, we can discuss these in WI.

	Sony
	If UE sees e.g. one single good beam and the measured RSRP value is below s-measure threshold but stable, then there is no point in UE performing the measurements. In this case, we think that s-measure threshold should be adjusted based on the number of beams (similar to LTE relaxed monitoring but in Connected mode and taking into account the number of beams).

	Intel
	See related response in Q1.

	Ericsson
	You can argue that neighbour cell measurement relaxation in connected mode is already supported, i.e. only when the UE is moving, and UE is below the S-measure, first only intra-frequency measurements are configured, and only if intra-frequency measurements do not lead to a successful HO, then inter-frequency/iRAT measurements will be configured.  There are the means already that the NW only configures and triggers neighbour cell measurements for UE in connected mode when needed. 
But to answer the specific question: relaxation should be under NW control (as it already is). 

	Apple
	Similar answer as Q1. 

The entry criteria for neigbhor cell measurement relaxation could be serving cell quality > threshold-serving, and the neigbhor cell’s quality of the frequency < threshold-neighbour. The thresholds could be defined on a per frequency basis.


	LG
	Inter-frequency RRM measurement relaxation in RRC_CONNECTED can be supported.
1. From our last discussion, we made a consensus that low mobility has low mobility performance impact if measurement is relaxed. For the UEs in low mobility, the measured serving cell RSRP might vary slightly. Therefore, serving cell RSRP variation could be the condition for the measurement relaxation criteria. Basic example could be:
UE starts measurement relaxation if:
Srxlevn2 - Srxlevn1 < Srelax
Where Srxlevn1 and Srxlevn2 are measured serving cell RSRPs within a time period. 

2. We can define a threshold, which may be below s-Measure. If the serving cell quality is above the threshold, the UE can perform measurement relaxation on the neighbour cells.

	Nokia, Nokia Shanghai Bell
	We support relaxing the neighbour cell RRM measurement in CONNECTED. Relaxation criteria could be based on the beam specific radio link condition. In case the beam specific radio condition is good enough relaxation can be utilized and when the condition is not fulfilled the relaxation should not be utilized. 

	Huawei, HiSilicon
	1) Similar to Q1  - if the neighbour cell measurement is relatively low (below a threshold) then it is less likely handover to this cell will occur in the immediate future so UE can reduce the measurement rates for neighbour cell.

2) In addition, based on serving beam ID : by configuring the relationship, e.g., association between serving SSB/CSI-RS index and measured set, UE can autonomously select the neighbour cells/frequencies/SSBs to be measured depending on the current serving beam.

In addition, based on UE mobility path -- by configuring the relationship, e.g., association between UE speed and cell history/direction of travel, UE can autonomously select the neighbour cells/frequencies/SSBs to be measured. Adapting the S-measure configuration depending on the mobility situation can also be considered.

	ZTE
	The current s-Measure mechanism already supports measurement relaxation on neighbour cells (i.e. UE only measures neighbour cells when serving cell is below a threshold). And the measurement period can be increased for power reduction. 

	Qualcomm
	RRM measurements for neighbour cells can be relaxed in time if serving cell link quality is good and UE has low mobility.
Number of neighbour cells to measure can be relaxed by leveraging UE’s beam measurements (e.g. directional info associated with beams).

	NTT DOCOMO
	We think that it will be beneficial to consider measurement requirement relaxation for neighbour cells based on whether UE is stationary or not in all the RRC state to save the UE battery. We are open to discuss what will be exact criteria. 



Q3: If RRM measurement relaxation for serving cell is supported for UE in RRC_IDLE/INACTIVE, how should the measurement relaxation criteria be defined? Or the reason to support or not support this.
	Company name
	Comments

	vivo
	Similar to Q1, all these relaxation in idle mode should be also controlled by the network. The criteria should be similar to the connected mode, except the solution with UE assistance information. 

The TR captures three ways of relaxation as follows,
· gNB controlled RRM measurement operation with UE assistance information reported to gNB, e.g.,
· mobility related information (e.g., mobility state, history of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect, the number of handovers for certain period, etc.)
· channel condition (e.g. change in serving RS/signal)
· gNB controlled RRM measurement operation without UE assistance information reported to gNB based on certain conditions, e.g.,
· Doppler estimation for RRC CONNECTED states
· cell type (e.g., small cell/macro cell)
· gNB controlled threshold to support UE autonomous RRM measurement adaptation based on e.g.,
· signal measurements (e.g., RSRP)
· UE mobility state (e.g., low/medium/high mobility)
· UE location in the cell (e.g., cell-center/cell-edge)
· S-measure enhancement (e.g. S-measure for SCell, CSI-RS) 
In order to conclude the study for this part, we think the three below solutions are more feasible and simple. 
For gNB controlled RRM measurement relaxation without UE assistance information, the relaxation can be enabled based on cell type, e.g. indoor cell.
For gNB controlled threshold to support UE autonomous RRM measurement adaptation, the relaxation can be enabled based on the serving cell quality, e.g. RSRP.


	OPPO
	NO, due to mobility performance concern, there is no more benefit to relax both serving and neighbour cell measurement than to relax the neighbour cell measurement.

	MediaTek
	Again, serving cell measurement relaxation should not be supported. UE should keep track on serving cell quality.

	CATT
	No strong view. In Rel-15 NB-IoT, for UE operating WUS, whose serving cell variation is within a threshold, is allowed to relax RRM measurements for serving cell. Hence, RRM measurement relaxation for serving cell in RRC_IDLE/INACTIVE can be applied to stationary UEs.

	Sony
	Same as Q1. We think relaxation of serving cell measurements should be done with caution as it may affect the performance.

	Intel
	For RRC_IDLE/INACTIVE UE – the criteria to trigger the RRM measurement relaxation for serving or neighbour cell:
· The criteria that determines when to relax RRM measurement requires the following triggers conditions:
· Number of cell changes in a given interval.
· Quality (e.g. RSRP/RSRQ) of the serving cell or serving beam.
· Variation of serving cell or serving beam.
· Cell type (optional information).
· These trigger conditions (e.g. thresholds, times, variations) could be configured by the network or defined in the specification and can be set to be the same or even different for FR1 and FR2, as well as, for intra-frequency or inter-frequency.
· RAN4 input is required when defining the corresponding conditions/details.

	Ericsson
	Similar as for connected mode, we should be careful with serving cell measurement relaxation, but in Idle/Inactive mode the measurement requirements are looser compared to Connected mode, and potential risk/impact is smaller compared to Connected mode. We would also like to note that UE anyways has to wakeup for paging monitoring every DRX cycle, i.e. the savings are small when e.g. 1 DRX cycle is skipped for serving cell measurements. The main power consumption impact comes from the fact that the UE has to wake up from deep sleep. 
But to answer the question: in case serving cell relaxation in Idle/Inactive mode is agreed, it should be defined in a similar way as for NB-IoT with WUS, i.e. serving cell measurements are only relaxed when the neighbour cell relaxation is fulfilled, but additional requirements have to be met. Such additional requirements could for example be if the serving cell is very strong (i.e. above a threshold).

	Apple
	Similar answer to Q1. We should support the measurement relaxation on both serving and neighbour cell, and mobility and radio quality should be considered as criteria. 

And the leaving criteria is when entry criteria is no longer met or when UE goes OOS, or reselects to another cell or after RRC state change or PWS reception begins.

	LG
	Same view with Q1.The UE shall keep monitoring on serving cell quality.

	Nokia, Nokia Shanghai Bell
	We also think serving cell measurement should not be relaxed as this may lead to the UE is not reachable for paging. Setup delays may also increase.

	Huawei, HiSilicon
	Same as Q1

	ZTE
	Same as Q1.

	Qualcomm
	We share similar view as Ericsson (2nd part of the answer) – serving cell measurements can be relaxed if serving cell quality has strong margin over S criteria and neighbour cell relaxation criteria is met.

	NTT DOCOMO
	Same as Q1



Q4: If RRM measurement relaxation for neighbour cells is supported for UE in RRC_IDLE/INACTIVE, how should the measurement relaxation criteria be defined? Or the reason to support or not support this.	Comment by Chenli-vivo: It is duplicated with Q5-Q9. The scenario down selection can be discussed in Q5-Q9 with the solutions.  
	Company name
	Comments

	CMCC
	We support to introduce inter-frequency RRM measurement relaxation for neighbour cells for UE in RRC_IDLE/INACTIVE, the measurement relaxation criteria could be defined as whether the frequencies to be measured are co-site deployed intra-band frequencies or not, and this information could be provided by gNB through system broadcast information.

For co-site deployed intra-band frequencies, the number of measurement frequencies can be reduced in inter-frequency RRM measurement, since the channel condition of one carrier is the same as other carries and the RRM measurement results, at least for RSRP, are the same for these frequencies.

	vivo
	For intra-frequency case, it is the same as the neighboring cell measurement relaxation criteria for the connected mode.
For inter-frequency case, co-site deployed intra-band frequencies can be considered as the additional criteria. For example, based on network configuration, the measurement results for one carrier can reflect the measurement results of whole band.


	OPPO
	Supported. The UE location can be expressed by strongest beam instead of cell id compared LTE. So number of frequency and cell for the neighbour cell measurement can be reduce based on the UE current serving beam. Furthermore, the idle/inactive UE will search for higher priority periodically, based on beam index kind of location, the UE can reduce or avoid the UE behaviour of higher priority search.

	MediaTek
	In RRC_IDLE/INACTIVE, RRM measurement relaxation for neighbour cells can be supported. The relaxation criteria can be based on either serving vs. neighbour cell (beam) strength or serving cell (beam) RSRP variation. For example,

1. If relaxation criteria are based on serving vs. neighbour cell (beam) strength:
(1) UE enters relaxed monitoring mode if
  Strength serving – best neighbour cell (beam) > D1 for T1
(2) UE resumes normal monitoring if
  Strength serving – best neighbour cell (beam) ≤ D2 for T2, or
  Serving cell not suitable

2. If relaxation criteria are based on serving cell (beam) variation
(1) UE enters relaxed monitoring mode if
  serving cell (beam) RSRP variation ≤ S1 during T1
(2) UE resumes normal monitoring if
  Serving cell (beam) RSRP variation > S2 during T2, or
  Serving cell not suitable

Note: The adopted relaxed monitoring criteria may affect the relaxed monitoring method.

	CATT
	Based on RAN1 evaluations in TR 38.840, we can observe that 19.7% power saving gain can be achieved when measurement is performed once every 4 paging cycle while there is less impact on mobility performance for stationary or low mobility UEs, e.g. 0.26% handover failure rate for 3km/h case by 4 times increase of measurement period (from 200 ms baseline).
Hence, we support to introduce RRM measurement relaxation for neighbour cells for stationary/low mobility UEs in RRC_IDL/INACTIVE. As for how to determine stationary/low mobility UEs, we can discuss these in WI.

	Sony
	We think that LTE based relaxed monitoring could be a starting point. Threshold could be adjusted based on the number of beams UE is able to measure from currently camped cell.
In certain conditions the UE can relax RRM measurements by reusing previously known beam configurations, and avoiding unnecessary measurements in other beam directions. Previously known beam configurations can be used for up to a set time duration, subject to measurement results not degrading.

	Intel
	See related response in Q3.

	Ericsson
	In our view this can be based on the LTE relaxed monitoring criteria, i.e. we are otherwise just repeating the same discussions…
But NR has its own specific characteristics, e.g. beams, which should be taken into account, i.e. “beam mobility” should be taken into account.

	Apple
	Similar answer as Q3. 

The leaving criteria for neigbhor cell measurement relaxation could be  serving cell quality > threshold-serving, and neighbor cell’s quality of the frequency < threshold-neighbor. 


	LG
	Inter-frequency RRM measurement relaxation in RRC_CONNECTED can be supported.
1. From our last discussion, we made a consensus that low mobility has low mobility performance impact if measurement is relaxed. For the UEs in low mobility, the measured serving cell RSRP might vary slightly. Therefore, serving cell RSRP variation could be the condition for the measurement relaxation criteria. Basic example could be:
UE starts measurement relaxation if:
Srxlevn2 - Srxlevn1 < Srelax
Where Srxlevn1 and Srxlevn2 are measured serving cell RSRPs within a time period. 

2. We can define two thresholds, for intra-frequency and inter-frequency, which may be below SIntraSearch or SnonIntraSearch, respectively. While performing neighbour cell measurement, if the serving cell quality is above the threshold, the UE can perform measurement relaxation on the neighbour cells.

	Nokia, Nokia Shanghai Bell
	We support relaxing the neighbour cell RRM measurement in IDLE/INACTIVE. Relaxation criteria could be based on the beam specific radio condition. In case the beam specific radio condition is good enough relaxation can be utilized and when the condition is not fulfilled the relaxation should not be utilized.

	Huawei, HiSilicon
	Same as Q2. In addition, the neighbour cell measurement may be relaxed when UE becomes stationary, even when coverage of the serving cell is relatively low – e.g. if the change of serving cell RSRP measurement over a defined time period is within a range/relative threshold, then UE may choose to reduce the neighbour cell measurements even if the Ssearch is met (like NB-IoT).

	ZTE
	Same as Q2, we think the current SintraSearch or SnonIntraSearch mechanism already supports measurement relaxation on neighbour cells (i.e. UE only measures neighbour cells when serving cell is below a threshold). And the measurement period can be increased for power reduction.

	Qualcomm
	NR can reuse LTE’s relaxed monitoring for neighbour cell measurement.

	NTT DOCOMO
	Same as Q2



Solutions for RRM measurement relaxation
Based on the measurement relaxation criteria discussed above, a UE enters relaxed monitoring mode when the criteria are satisfied. The measurement relaxation can be operated in different ways, e.g.
· Measurement relaxation in time: longer (e.g., doubled) measurement periodicity, no measurement for up to 24hours.	Comment by Ericsson (Martin): In Idle/Inactive I have some understanding what this means, i.e. the UE may measure less often, e.g. not every DRX cycle, because the existing requirements are defined according to the configured DRX in terms of Nserv / Tmeasure,NR_Intra / Tmeasure,NR_Inter.
But for connected mode I do not fully understand what this means. I think there has been an assumption in RAN4 that UE measures every 40 ms (5x every 200 ms), i.e. the RAN4 requirements are defined based on that assumption, but the RAN4 requirements do not explicitly capture this L1 measurement frequency. Does relaxation in connected mode mean that HO interruption/delay is increased? Or does it mean something else?	Comment by Chenli-vivo: Using the term ‘measurement period’ instead of others since it has been already used in RAN4 specification for RRC CONNECTED state.
For RRC IDLE, we shall state whether the measurement shall be based on multiple times of DRX cycles	Comment by MediaTek (Li-Chuan): To vivo: Could you explain why this part should be deleted? It’s current NB-IoT relaxed monitoring behaviour.	Comment by Huawei: It was defined as a way for UE to check for a potential NW deployment change. Even if serving cell quality is stable, UE should not stay “relaxed” forever. Whether something like this is needed depends on the criteria, it is a secondary discussion.
· Measurement relaxation by reducing the number of measured inter-frequencies: RAN4 requirements defined for RRC_CONNECTED and RRC_IDLE/INACTIVE; the inter-frequencies can be further divided into intra-band and inter-band frequencies.
· Measurement relaxation by reducing the number of measured intra-frequency or inter-frequency cells: RAN4 requirements defined for RRC_CONNECTED. 
Now we invite companies to comments on the operation of RRM measurement relaxation. Please indicate if you support each of the options, and if yes, please provide the details of operations (how to relax, corresponding measurement relaxation criteria, etc.). Please indicate which cell (serving cell, neighbour cell, or both) your preferred method applies to. Also, please provide your view on potential RAN4 impacts.
RRM measurement relaxation in time
Q5: What are the solutions for RRM measurement relaxation in time for UE in RRC_CONNECTED?  Or the reason to support or not support this. 
	Company name
	Comments

	vivo
	For gNB controlled RRM measurement operation without UE assistance information, the relaxation can be based on cell type. More specific, if the cell is an indoor cell, the network expect that the UE is stationary or very low mobility. Thus the network can indicate the RRM relaxation in time domain for RRC CONNECTED.
For gNB controlled threshold to support UE autonomous RRM measurement adaptation, with the configuration from network, the UE can determine whether to relax the RRM measurement in time in connected mode. 
More specific, when the channel quality (e.g., RSRP) for the serving cell is good enough (above a configured threshold), or the UE is stationary or in an indoor cell or the number of cell changes in a given interval is very small and the network can indicate the RRM measurement relaxation, the RRM measurement in time can be relaxed. That is, the RRM measurement period can be extended to a longer period. 
The above mechanisms are applicable for both neighboring cell and serving cell RRM measurement relaxation. 
The reason to support RRM measurement relaxation in time for UE in RRC_CONNECTED:
1. There is much power saving gain for adapting/relaxing RRM measurement in time domain as captured in the TR:
•	11.1% - 26.6% and 7.4% - 17.8% power saving gains are shown for increasing measurement period 4 times and 2 times respectively for RRC CONNECTED state, 17.9%-19.7% and 0.89%-5.36% power saving gains are shown RRC IDLE/INACTIVE state by increasing measurement period for 1 SSB burst set for measurement and periodic activities and 2 or 3 SSB burst set for measurement and periodic activities respectively.
•	For stationary or low mobility (e.g., 3km/h) case, increasing measurement period has less impact (e.g., handover failure rate changes from 0% to 0.26% for 3km/h by extending 4 times measurement period) to the mobility performance compared to high mobility cases (e.g., handover failure rate changes from 0%-1% for 60km/h by extending 4 times measurement period).
2. There is marginal mobility impact for stationary UE or low mobility UE (3km/h) according to our evaluation. 
The simulation results are shown as below:
Table 1 Handover failure rate with different measurement periods
	UE speed
Period(ms)
	UE speed 3km/h
	UE speed 30km/h

	
	200
	400
	800
	200
	400
	800

	[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Timer-to-trigger: 0ms
	0.000%
	0.070%
	0.000%
	0.013%
	0.135%
	3.019%

	Timer-to-trigger:320ms
	0.000%
	0.118%
	0.000%
	0.051%
	0.295%
	4.829%

	Timer-to-trigger:640ms
	0.070%
	0.071%
	0.000%
	0.114%
	0.755%
	7.777%



Table 2 Handover failure rate with different measurement L1 samples and same L3 period
	UE speed
Samples in 200ms L3 Period
	UE speed 3km/h
	UE speed 30km/h

	
	5
(L1: 40ms)
	2
(L1: 100ms)
	1
(L1: 200ms)
	5
(L1: 40ms)
	2
(L1: 100ms)
	1
(L1: 200ms)

	Timer-to-trigger: 0ms
	0.000%
	0.000%
	0.000%
	0.013%
	0.019%
	0.019%

	Timer-to-trigger:320ms
	0.000%
	0.000%
	0.000%
	0.051%
	0.062%
	0.041%

	Timer-to-trigger:640ms
	0.070%
	0.000%
	0.000%
	0.114%
	0.120%
	0.120%



It can be seen that: 
1. For stationary or 3km/h UE speed, relaxing the measurement period 4 times, i.e. from 200ms to 800ms, handover failure rate stays close to zero for all three configurations of timer-to-trigger value.
2. The impact of L1 measurement samples on handover failure rate is negligible.

The simulation modelling and assumptions can be found in the attached document.

[bookmark: _MON_1617721618] 


	OPPO
	No strong opinion.

	MediaTek
	RRM measurement relaxation in time for UE in RRC_CONNECTED can be implemented by using doubled measurement periodicity when UE is not at cell edge (no strong neighbor cell observed), and resuming to normal periodicity when UE detects a strong neighbour cell (i.e. at cell edge).
Our simulation results captured in TR 38.840 show a roughly 20% power reduction at the cost of <1% higher handover failure (HoF) rate, for a FR1 UE moving at 30km/h speed.

	CATT
	Based on RAN1 evaluations in TR 38.840, we can observe power saving gain and negligible mobility performance impact can be achieved for stationary or low mobility CONNECTED UEs with increasing measurement period. Hence, we support to increase measurement period for UE in RRC_CONNECTED.

	Sony
	We think UE should not perform measurements as long as serving cell RSRP is above the threshold (s-measure - threshold; where threshold is calculated based on the number of beams). 
It should be upto RAN4 to discuss the measurement relaxation in time.

	Intel
	RAN4 input is required before doing any down-selection on the preferred solution to relax RRM measurements (which could be done during the WI phase). 
From RAN2 point of view, all options could be considered: 
(1) Reduction of number of cells to be measured (for both intra/inter frequency).
(2) Delay measurement acquisition (i.e. the time required for a UE to acquire a valid measurement could be delayed due to the skip within the measurement period).
(3) Skip samples (i.e. the time required for a UE to acquire a valid measurement is the same but UE can skip certain samples in the measurement period).

	Ericsson
	As stated above it is not fully clear what relaxation in time in connected mode means, but I think it means modifying the RAN4 requirements, i.e. not sure if RAN2 can or should answer that question.

	Apple
	Measurement relaxation in time is preferred when relaxed measurement criteria for serving cell and neighbor cells is satisfied. Serving cell measurement periodicity can be doubled. Neighbor cells measurement relaxation is triggered per neighbor cell and hence when relaxed measurement is triggered, that neighbor cell’s measurement periodicity is doubled.

	LG
	We see that extending the measurement period has benefit on reducing power consumption, but we think RAN4 needs to discuss about extending the measurement period first.

	Nokia, Nokia Shanghai Bell
	We think that inter frequency neighbour cell RRM measurement relaxation in time for UE in RRC_CONNECTED could be supported. No strong view how this is done and can be discussed and designed in further details in work item phase. 

	Huawei, HiSilicon
	Based on the criteria in Q1, the measurement period can be reduced. Should be checked with RAN4 as the measurement rate is defined in RAN4.

	ZTE
	The measurement period can be increased for power reduction. In addition, based on the requirement defined in RAN4 spec, seems this can be achieved by increasing the configured SMTC periodicity. 

	Qualcomm
	Please see our answer to Q1 and Q2.

	NTT DOCOMO
	We think that the relaxation of requirements on both time and frequency (inter-/ intra-) domain will be beneficial since relaxation on either or both of time and frequency will save UE battery consumption. For time domain, UE can be relaxed on the required period to detect the cells.


For freq domain, UE can be relaxed on the number of the frequencies to measure.



Q6: What are the solutions for RRM measurement relaxation in time for UE in RRC_IDLE/INACTIVE? Or the reason to support or not support this. 
	Company name
	Comments

	vivo
	Similar as Q5, for gNB controlled RRM measurement operation, the relaxation can be based on cell type. More specific, if the cell is an indoor cell, the network expect that the UE is stationary or very low mobility. Thus the network can indicate the RRM relaxation in time domain for RRC CONNECTED, e.g. the UE is allowed to measure every N*DRX cycle.
For gNB controlled threshold to support UE autonomous RRM measurement adaptation, with the configuration from network, the UE can determine whether to relax the RRM measurement in time in connected mode. More specific, when the channel quality for the camping cell is good enough (above a configured threshold), or the UE is stationary or in an indoor cell or the number of cell changes in a given interval is very small, and the network allow such kind of RRM relaxation, the RRM measurement in time can be relaxed. That is, the RRM measurement period can be extended to a longer period. 
Same reason to support RRM measurement relaxation in time for UE in RRC_IDLE/INACTIVE as Q5.


	OPPO
	No strong opinion.

	MediaTek
	The relaxation may depend on what measurement relaxation criteria we adopt.
1. If the criteria are based on serving vs. neighbour cell (beam) strength: Similar to Q5, RRM measurement RRM measurement relaxation in time for UE in RRC_IDLE/INACTIVE can be implemented by using longer measurement periodicity, say N*DRX cycle.
2. If the criteria are based on serving cell (beam) RSRP variation: LTE relaxed monitoring (i.e., no neighbour cell measurement for up to 24 hours) can be applied. Notice that for NR, most UEs are expected to be mobile, so the criteria of “limited serving cell variation” may rarely be satisfied.

	CATT
	Based on RAN1 evaluations in TR 38.840, we can observe power saving gain can be achieved for RRC_IDLE/RRC_INACTIVE UEs with increasing measurement period. Hence, we support to increase measurement period for UE in RRC_IDLE/RRC_INACTIVE.

	Sony
	This could be based on LTE relaxed monitoring and valid for a certain time.

	Intel
	See response to Q5.

	Ericsson
	We also think that the LTE relaxed monitoring criteria can be re-used as a baseline in NR.

	Apple
	IDLE/INACTIVE mode measurement relaxation can be factor of DRX cycle when relaxed measurement mode is entered. Relaxed measurements can be telescopic i.e. in relaxed mode, first “N” measurements can be every alternate DRX interval, then next “N” measurements can be reduced further and so on till highest periodicity is hit. Serving cell measurements can be more frequent than neighbor cell measurements in order to detect leaving condition and avoid beam failure, OOS, or page miss.

	LG
	Similar view with Q5.

	Nokia, Nokia Shanghai Bell
	We think that inter frequency neighbour cell RRM measurement relaxation in time for UE in RRC_IDLE/INACTIVE could be supported. No strong view how this is done and can be discussed and designed in further details in work item phase.

	Huawei, HiSilicon
	Based on the criteria in Q1, the measurement period can be reduced. Should be checked with RAN4 as the measurement rate is defined in RAN4.

	ZTE
	The measurement period can be increased for power reduction. In addition, based on the requirement defined in RAN4 spec, seems this can be achieved by increasing the configured SMTC periodicity.

	Qualcomm
	NR can reuse LTE’s relaxed monitoring.

	NTT DOCOMO
	Same as Q5



RRM measurement relaxation by reducing the number of measured inter-frequencies
Q7: What are the solutions for RRM measurement relaxation by reducing the number of measured inter-frequencies for UE in RRC_CONNECTED?  Or the reason to support or not support this. 
	Company name
	Comments

	CMCC
	First, gNB indicates UE the relationship between different frequencies to be measured, e.g., whether the frequencies in a group are co-site deployed intra-band frequencies or not, for inter-frequency RRM measurement through dedicated RRC signalling, e.g., measurement object configuration. 
Then, UE can assume the measurement results, e.g., RSRP, of the frequencies in one group are the same, and UE can randomly select only one frequency from the group instead of on all the frequencies to perform inter-frequency RRM measurement.

The same idea and design principle have already been adopted in NR, e.g., in R4-1801307, RAN4 agreed that NR supports to configure enabling/disabling intra-frequency measurement on each NR SCell frequency layer considering that, for two serving cell frequency layers within the same band, the intra-frequency measurement results on each serving cell frequency layer could be almost same.

	vivo
	In the connected mode, the RRM measurement is configured by the network. If the network want to reduce the number of measured inter-frequencies for the UE in connected mode, less MOs will be configured to the UE. Then, the UE reports the measurement results based on the configuration. The network can know the measurement results can be used for which frequencies. 

	OPPO
	Same as Q2.

	MediaTek
	In the RRC_CONNECTED, frequencies to be measured is configured by the network. It may be risky to allow UE to skip measurements on some frequencies. However, the measurement relaxation for ‘co-site intra-band frequencies’ suggested by CMCC can be considered.

	CATT
	Share the same view with vivo. In RRC_CONNECTED, the network can reduce the number of measured inter-frequencies for UE with measurement (re)-configuration. It is a network implementation.

	Sony
	Network may configure a condition for measuring a particular frequency. This condition could be based on the direction of UE mobility or detection of a certain beam or presence of a particular frequency. Presence of particular frequency could be used for co-located deployments and optimised further for not reporting measurements for certain frequencies.

	Intel
	See response to Q5.

	Ericsson
	Relaxation in frequency is already possible, as we stated before, i.e. the NW can configure in a smart way in SI/connected mode the inter-frequencies the UE should measure on. We also like to point out that the LTE relaxed monitoring also covers inter-frequency neighbour cell measurements. Perhaps we should discuss measurements on spotty frequencies further, which can be an issue in early NR deployments. 

	Apple
	In CONNECTED mode the measured frequency info is configured by NW. It’s a risk for UE to skip some of them. UE’s power saving is mainly dependent on the measurement periodicity.

	LG
	It could be beneficial if UE can relax the measurement on some frequencies. How and when to do is FFS.

	Nokia, Nokia Shanghai Bell
	This can be left up to network implementation by configuring fewer frequencies to monitor

	Huawei, HiSilicon
	UE can autonomously select the frequencies/SSBs to be measured based on criteria in Q2. No RAN4 impact, purely RAN2 solution.

	ZTE
	As we discussed in R2-1903468, according the measurement requirement defined in RAN4 spec, the real power saving gain of reducing the number of inter-frequencies is unclear. Even if this approach is adopted, we also think this can be done by network implementation. 

	Qualcomm
	Share the same view with some companies above that inter-frequency measurements in RRC connected can be up to network implementation.

	NTT DOCOMO
	We think that the relaxation of requirements on both time and frequency (inter-/ intra-) domain will be beneficial since relaxation on either or both of time and frequency will save UE battery consumption. For freq domain, UE can be relaxed on the number of the frequencies to measure at the same time with the priority (as similar to INCMON).



Q8: What are the solutions for the RRM measurement relaxation by reducing the number of measured inter-frequencies for UE in RRC_IDLE/INACTIVE?  Or the reason to support or not support this. 
	Company name
	Comments

	CMCC
	First, gNB indicates UE the relationship between different frequencies to be measured, e.g., whether the frequencies in a group are co-site deployed intra-band frequencies or not, for inter-frequency RRM measurement through system broadcast information, e.g., SIBX. 
Then, UE can assume the measurement results, e.g., RSRP, of the frequencies in one group are the same, and UE can randomly select only one frequency from the group instead of on all the frequencies to perform inter-frequency RRM measurement.

	vivo
	In idle/inactive mode, the RRM measurement at the UE side is used for cell reselection. Thus, it is possible to relax the RRM measurement by reducing the number of measurement inter-frequencies based on the network configuration. For example, the network can configure the indication that the measurement results of one carrier can reflect the measurement for one band according to the co-site deployment. In this way, the UE can use the measurements results of one carrier for this band during cell reselection. 

	OPPO
	Same as Q4.

	MediaTek
	Similar to Q7, RRM measurement relaxation for ‘co-site intra-band frequencies’ can be considered.

	CATT
	No strong view. RRM measurement relaxtion for ‘co-site intra-band frequencies’ for UE in RRC_IDLE/INACTIVE can be considered.

	Sony
	Same as Q7

	Intel
	See response to Q5.

	Ericsson
	This is a direct change of RAN4 requirements, i.e. not sure if this can be answered without detailed simulations taking into account the UE mobility. 
In our view RAN2 should only discuss when the UE is required to measure, i.e. relaxed monitoring criterion that can be captured as part of the measurement rules in 38.304. But when the UE is required to measure, the UE follows the existing RAN4 requirements, i.e. RAN2 can and should not change the RAN4 requirements.

	Apple
	Do not prefer reducing (or dropping) some of the inter-frequency neighbor cells. UE’s power saving is mainly dependent on the measurement periodicity.

	LG
	As UEs are not in network-control in RRC_IDLE/INACTIVE, it seems beneficial if UE can autonomously relaxes the neighbour cell measurement on some frequencies. How and when to do is FFS.

	Nokia, Nokia Shanghai Bell
	This can be left up to network implementation by configuring fewer frequencies to monitor. We already have SnonIntraSeach thresholds and it is not clear what more is needed as NW can configure these as needed?

	Huawei, HiSilicon
	UE can autonomously select the frequencies/SSBs to be measured based on criteria in Q4. No RAN4 impact, purely RAN2 solution.

	ZTE
	Same as Q7.

	Qualcomm
	Same as Q7

	NTT DOCOMO
	Same as Q7



RRM measurement relaxation by reducing the number of measured cells 
Q9: What are the solutions for the RRM measurement relaxation by reducing the number of measured cells for UE in RRC_CONNECTED?  Or the reason to support or not support this. 
	Company name
	Comments

	vivo
	Current mechanism in LTE and NR is S-measure. When the measurement result is lower than the configured thresholds, the UE will perform the measurement on other intra-frequency cells/ inter-frequency cells. For some UE with low mobility or stationary state, current S-measure is not enough, since the UE anyway need to measure all neighboring cells is S-measure condition is satisfied. 
In order to reduce the cell numbers for RRM measurement, additional threshold  can be configured. 
such that UE can perform intra-frequency measurements according to Srxlev values as shown in Equation 1 and Figure 3 below,
 

[image: ]
          (1) S- measures		(2) S- measures for reduced intra-frequency measurement
The reason to support RRM measurement relaxation by reducing the number of measured cells for UE in RRC_CONNECTED:
1. There is much power saving gain for adapting/relaxing RRM measurement in time domain as captured in the TR:
· By assuming number of neighbouring cells to be measured is reduced, it is shown that about 4.7% - 7.1% power saving gain can be observed if reducing the number of measured cells for IDLE state. 1 source shows that about 1.8% - 21.3% power saving gain can be observed if reducing the number of measured cells for CONNECTED state.
· In additional to that, by also assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity, 26.43% - 37.5% power saving gain is shown. 
There is marginal mobility impact for stationary UE or low mobility UE (3km/h) if the network configures the suitable additional threshold for the neighboring cell measurement results, which can satisfy the access condition during handover. 

	OPPO
	Same as Q2.

	MediaTek
	We understand that reducing the number of measured cells on a frequency can help reduce some power consumption, but the saving is marginal. We do not support this method.

	CATT
	No strong view. Based on RAN1 evaluations in TR 38.840, power saving gain can be achieved with reducing the number of measured cells for UE in RRC_CONNECTED. However, there is no mobility performance impact analysis.

	Sony
	No strong view. Network may configure a condition for measuring a particular cell. This condition could be based on direction of UE mobility or detection of certain beam

	Intel
	See response to Q5.

	Ericsson 
	See response to Q8.

	Apple
	Same as Q7

	LG
	We wonder about the benefit of the reducing the number of measured cells on a frequency. Basically, in order to measure the cells in an inter-frequency, the UE scans the frequency with configured measurement gap. Reducing the required number of cells seems not beneficial enough.
Moreover, detecting less cells may occur camping on non-best cell, which may result the UE to lose the chance to relax the measurement and the better cell quality.

	Nokia, Nokia Shanghai Bell
	S-measure can be used for this purpose, but we think it may not work in optimal way, because of the beam specific link conditions i.e. RSRP is not decreasing constantly when moving towards the cell edge. 

	Huawei, HiSilicon
	UE can autonomously select the cells/SSBs to be measured based on criteria in Q2. No RAN4 impact, purely RAN2 solution.

	ZTE
	The number of measured cells per measurement occasion is defined by RAN4, whether to change this value should be discussed in RAN4, or get permission from RAN4. 

	Qualcomm
	Please see our answer to Q2.

	NTT DOCOMO
	Same as Q7




Q10: What are the solutions for the RRM measurement relaxation by reducing the number of measured cells for UE in RRC_IDLE/INACTIVE?  Or the reason to support or not support this. 	Comment by Chenli-vivo: We suppose the measured cell number reduction can be also reduced in idle/inactive mode.
	Company name
	Comments

	vivo
	Same as Q9. 

	OPPO
	Some mechanism to reduce the unnecessary cell reselection should be considered for power saving purpose. E.g. if the UE is in high mobility state, there is no need to reselect to a small NR cell with high frequency. 

	CATT
	No strong view. We wonder what is specification impact if reducing the number of measured cells for UE in RRC_IDLE/INACTIVE is agreed.

	Sony
	Same as Q9

	Ericsson 
	See response to Q8.

	Apple
	Same as Q8

	LG
	Same as Q9.

	Huawei, HiSilicon
	UE can autonomously select the cells/SSBs to be measured based on criteria in Q2. No RAN4 impact, purely RAN2 solution.

	ZTE
	Same as Q9.

	Qualcomm
	In RRC Idle/Inactive, this can be left to UE implementation.

	NTT DOCOMO
	Same as Q7



Other issues
[bookmark: _GoBack]Q11: Do you see any other issues about RRM measurement relaxation that are not considered in above discussions? 
	Company name
	Comments

	
	

	
	

	
	

	
	

	
	



Conclusion
Totally 14 companies participated in this email discussion. Their comments are summarized as follows.
Measurement relaxation criteria
Q1: If RRM measurement relaxation for serving cell is supported for UE in RRC_CONNECTED, how should the measurement relaxation criteria be defined? Or the reason to support or not support this.
Summary: 9 companies prefer not to support RRM measurement relaxation for serving cell for UE in RRC_CONNECTED, or think we should be very careful of the support. 5 companies think it can be supported if some conditions are met. 
Conclusion: Following majority view, RRM measurement relaxation for serving cell is NOT supported for UE in RRC_CONNECTED.
Q2: If RRM measurement relaxation for neighbour cells is supported for UE in RRC_CONNECTED, how should the measurement relaxation criteria be defined? Or the reason to support or not support this.
Most companies think RRM measurement relaxation for neighbour cells for UE in RRC_CONNECTED, though the preferred relaxation criteria vary. Criteria supported by multiple companies are: 7 companies mentioned relaxation criteria based on UE location or serving and/or neighbour cell signal strength, i.e., RRM measurement can be relaxed if UE is not at cell edge; 3 companies think that current s-Measure mechanism (also “UE not at cell edge”) is enough; 5 companies think the RRM measurement can be relaxed if UE is stationary or with low mobility. Other criteria mentioned include: co-site deployed intra-band frequencies, cell type, beam ID, network indication, etc.
Conclusion: RRM measurement for neighbour cells can be relaxed for UE in RRC_CONNECTED if UE is not at cell edge, or if UE is stationary or with low mobility. The exact criteria are FFS.
Q3: If RRM measurement relaxation for serving cell is supported for UE in RRC_IDLE/INACTIVE, how should the measurement relaxation criteria be defined? Or the reason to support or not support this.
Summary: Similar to Q1, 9 companies prefer not to support RRM measurement relaxation for serving cell for UE in RRC_IDLE/INACTIVE, or think we should be very careful of the support. 5 companies think it can be supported if some conditions are met. 
Conclusion: Following majority view, RRM measurement relaxation for serving cell is NOT supported for UE in RRC_IDLE/INACTIVE.
Q4: If RRM measurement relaxation for neighbour cells is supported for UE in RRC_IDLE/INACTIVE, how should the measurement relaxation criteria be defined? Or the reason to support or not support this.
Summary: Most companies think that RRM measurement relaxation for neighbour cells for UE in RRC_IDLE/INACTIVE can be supported. Criteria supported by multiple companies are: 6 companies mentioned relaxation criteria based on UE location or serving and/or neighbour cell signal strength, i.e., RRM measurement can be relaxed if UE is not at cell edge; 5 companies think the RRM measurement can be relaxed if UE is stationary or with low mobility; 3 companies think that current LTE mechanism based on serving cell RSRP drop (also “stationary UE”) is enough; 2 companies think that co-site deployed intra-band frequencies should be considered.
Conclusion: RRM measurement for neighbour cells can be relaxed for UE in RRC_IDLE/INACTIVE if UE is stationary or with low mobility, or if UE is not at cell edge. The exact criteria are FFS.

Solutions for RRM measurement relaxation
Q5: What are the solutions for RRM measurement relaxation in time for UE in RRC_CONNECTED?  Or the reason to support or not support this. 
Summary: 11 companies think that RRM measurement relaxation in time (e.g., with longer periodicity) can reduce power consumption for UE in RRC_CONNECTED; 5 companies mentioned that we need to ask RAN4 since this violates RAN4 requirements.
Conclusion: RAN2 thinks that RRM measurement relaxation in time may reduce power consumption for UE in RRC_CONNECTED. It is FFS how this is done. Ask RAN4 for potential impacts.
Q6: What are the solutions for RRM measurement relaxation in time for UE in RRC_IDLE/INACTIVE? Or the reason to support or not support this. 
Summary: 10 companies think that RRM measurement relaxation in time (e.g., with longer periodicity) can reduce power consumption for UE in RRC_IDLE/INACTIVE; 3 companies think that the LTE mechanism can be reused; 2 companies mentioned that we need to ask RAN4 since this violates RAN4 requirements.
Conclusion: RAN2 thinks that RRM measurement relaxation in time may reduce power consumption for UE in RRC_IDLE/INACTIVE. It is FFS how this is done (e.g., measurement with longer periodicities, or simply reuse LTE mechanism). Ask RAN4 for potential impacts and permission.
Q7: What are the solutions for RRM measurement relaxation by reducing the number of measured inter-frequencies for UE in RRC_CONNECTED?  Or the reason to support or not support this. 
Summary: 9 companies think that the frequencies to be measured by a UE should be configured by the network; 4 companies think that UE can autonomously choose or reduce the number of inter-frequencies to be measured based on relaxed monitoring criteria; 1 company mention that measurements on co-sited deployed frequencies can be reduced.
Conclusion: The frequencies to be measured by a UE should be configured by the network. We do not support RRM measurement relaxation by reducing the number of measured inter-frequencies for UE in RRC_CONNECTED.
Q8: What are the solutions for the RRM measurement relaxation by reducing the number of measured inter-frequencies for UE in RRC_IDLE/INACTIVE?  Or the reason to support or not support this. 
Summary: Companies have similar views as in Q7.
Conclusion: The frequencies to be measured by a UE should be configured by the network. We do not support RRM measurement relaxation by reducing the number of measured inter-frequencies for UE in RRC_IDLE/INACTIVE.
Q9: What are the solutions for the RRM measurement relaxation by reducing the number of measured cells for UE in RRC_CONNECTED?  Or the reason to support or not support this. 
Summary: 8 companies think that RRM measurement relaxation by reducing the number of measured cells can reduce power consumption for UE in RRC_CONNECTED; 5 companies don’t think this is really beneficial; 3 companies mentioned that this violates RAN4 requirements and we need to consult RAN4.
Conclusion: RAN2 thinks that RRM measurement relaxation by reducing the number of measured cells may reduce power consumption for UE in RRC_CONNECTED. Ask RAN4 for potential impacts and permission.
Q10: What are the solutions for the RRM measurement relaxation by reducing the number of measured cells for UE in RRC_IDLE/INACTIVE?  Or the reason to support or not support this.
Summary: Companies commented on this question have similar views as in Q9.
Conclusion: RAN2 thinks that RRM measurement relaxation by reducing the number of measured cells may reduce power consumption for UE in RRC_IDLE/INACTIVE. Ask RAN4 for potential impacts and permission.
Q11: Do you see any other issues about RRM measurement relaxation that are not considered in above discussions? 
Summary: No response on this question.
Based on the discussions above, we have the following proposals for power saving for RRM measurements:
Proposal 1:	RRM measurement relaxation for serving cell is not supported for UE in any RRC state.
Proposal 2:	RRM measurement for neighbour cells can be relaxed for UE in RRC_CONNECTED and RRC_IDLE/INACTIVE, if UE is not at cell edge, or if UE is stationary or with low mobility. The exact criteria are FFS.
Proposal 3:	RRM measurement relaxation may be done by allowing measurements with intervals longer than RAN4 requirements, or by reducing the number of cells to be measured. The details are FFS.
Proposal 4:	Any RRM measurement relaxation method can be supported only if RAN4 allows UE to violate corresponding requirements. Send LS to RAN4 capturing RAN2 proposals, and ask for potential RAN4 impacts and permissions.
Reference
[1] RAN2#105bis Chairmen’s Notes (Diana)
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1. Introduction

In last RAN2#105bis meeting, the agreements about RRM measurement relaxation are as follows:

		Agreements: 


1. RAN2 evaluates RRM measurement relaxation in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE.


2. RAN2 to evaluate relaxed monitoring criteria under which the UE may relax RRM measurements. The relaxed monitoring criteria may include the following aspects, but are not limited to:


•
UE mobility status (e.g. serving cell variation, speed, movement, direction, cell (re-selection, UE type …)


•
Link quality (e.g. serving cell threshold/quality, position in cell, …)


•
Serving cell beam status (e.g. beam change, direction, beam specific link condition…)

3. Serving cell measurements are not excluded from the evaluation of relaxed RRM measurements for now.







In this contribution, we will analyse RRM measurement relaxation in time domain impacts on mobility for RRC_CONNECTED UE and show our system simulation results. And our proposals are given.

2. Discussion 

2.1 Relaxed measurement period in time-domain

For RRC CONNECTED state, adapting/relaxing measurement period is well studied in the SI of RAN1 and related conclusions are provided with the following from TR [1],


· Sufficient power saving gains, e.g., 11.1% - 26.6% by relaxing measurement period 4 times.


· Almost no impact on the mobility performance, e.g., handover failure rate changes from 0% -> 0.26% for 3km/h


· Sufficient sources, total 7 sources provide results for RRC CONNECTED state.


2.2 System simulation results

In order to further study and confirm the above impact of relaxed measurement period in time-domain on mobility performance from RAN2 perspective, we performed system simulations with low UE speeds and varied the measurement period. The simulation scenario is a dense urban deployment with 7 sites (3 cells per site, hexagonal grid) where each cell is covered by a sector antenna. Single frequency layer was assumed, thus no inter frequency measurements were considered. In these simulations UE measures 5 samples during measurement period and the measurement period is varied from 40ms to 160ms with UE speed 0 and 30km/h. That is to say, L3 filter period is from 200ms to 800ms. Time to trigger value of 0ms, 320ms and 640ms were used respectively and compared.

UE mobility/handover model and mobility performance metric reference RAN2 TR36.839 [3], which is the most detailed RAN2 specification for mobility performance evaluation. An important metric for mobility performance is handover failure rate, number of failed handovers divided by total number of handovers. In simulations the handover failure may occur, i.e. in a case where handover does not succeed due to UE not being able to send measurement report to network or UE is not being able to receive HO command or failure to access target cell.


Detailed simulation assumptions are listed in Annex.

Simulation results with different measurement periods are provided in the Table 1. From the results it can be observed that for low mobility UE, i.e. 3km/h, relaxing the measurement period has no obvious impact on mobility performance. However, if UE is moving at moderate velocity, i.e. 30km/h, there is non-negligible impact to the mobility performance from using higher measurement periods.

Table 1 Handover failure rate with different measurement periods

		UE speed


Period(ms)

		UE speed 3km/h

		UE speed 30km/h



		

		200

		400

		800

		200

		400

		800



		Timer-to-trigger: 0ms

		0.000%

		0.070%

		0.000%

		0.013%

		0.135%

		3.019%



		320ms

		0.000%

		0.118%

		0.000%

		0.051%

		0.295%

		4.829%



		640ms

		0.070%

		0.071%

		0.000%

		0.114%

		0.755%

		7.777%





In above Table1, L3 filter periods are from 200ms to 800ms, where each L3 filter period has 5 L1 measurement samples for all of cases. It can be observed that for 3km/h UE speed, relaxing the measurement period 4 times, i.e. from 200ms to 800ms, handover failure rate stays close to zero for all three configurations of timer-to-trigger value. However for 30km/h UE speed, handover failure rate increases rapidly as measurement period increases. And handover failure rate increases slowly as timer-to-trigger value increases. When measurement period is enlarged to 800ms, handover failure rate is completely unacceptable.

Observation 1: For 3km/h UE speed, relaxing the measurement period 4 times, i.e. from 200ms to 800ms, handover failure rate stays close to zero for all three configurations of timer-to-trigger value.

Observation 2: For 30km/h UE speed, relaxing the measurement period 4 times, i.e. from 200ms to 800ms, handover failure rate is unacceptable.

Further simulation results with different measurement samples in the same L3 filter period (i.e. 200ms) are provided in the Table 2.

Table 2 Handover failure rate with different measurement L1 samples and same L3 period

		UE speed


Samples in 200ms L3 Period

		UE speed 3km/h

		UE speed 30km/h



		

		5


(L1: 40ms)

		2


(L1: 100ms)

		1


(L1: 200ms)

		5


(L1: 40ms)

		2


(L1: 100ms)

		1


(L1: 200ms)



		Timer-to-trigger: 0ms

		0.000%

		0.000%

		0.000%

		0.013%

		0.019%

		0.019%



		320ms

		0.000%

		0.000%

		0.000%

		0.051%

		0.062%

		0.041%



		640ms

		0.070%

		0.000%

		0.000%

		0.114%

		0.120%

		0.120%





In above Table 2, same L3 filter period, i.e. 200ms, are used for all of cases. Different L1 measurement samples are compared in different cases. It can be observed that the impact of samples on handover failure rate is negligible.

Observation 3: The impact of L1 measurement samples on handover failure rate is negligible.

3. Reference

[1] RP-181463, New SID: Study on UE Power Saving in NR, CATT

[2] TR38.840, Study on UE Power Saving, V1.0.0


[3] TR36.839, Mobility enhancements in heterogeneous networks, V11.1.0


[4] TR38.901, Study on channel model for frequencies from 0.5 to 100 GHz, V15.0.0


4. Appendix – Simulation modelling and assumption

Connected mode mobility:


		Parameter

		Assumption



		Cell layout

		Hexagonal grid, 7 sites, 3 cells per site, with wrap-around


Dense urban with one frequency layer(i.e. 4.0GHz)



		Macro inter-site distance

		200 m



		UE mobility

		UE speed 3 and 30km/h


UEs with random direction and straight movement 



		UE deployment

		Uniform UE deployment with 80% UEs outdoor and 20% UEs indoor



		BS antenna configuration

		1 sector antenna per sector


Antenna downtilt 15 degrees



		Macro BS Tx power

		44 dBm



		Channel model 

		NR channel model [4] 


Spatial consistency model B [4] 


Soft LOS model [4] used to determine line-of-sight situation



		Pathloss model

		Uma [4] 



		Network load 

		100% RB usage



		Measurement interval

		40, 80, 160ms



		L1 measurement filter samples

		5



		Layer3 Filter Parameter K

		1



		Handover criteria

		Event A3, RSRP



		A3 event threshold

		2 dB



		A3 event hysteresis

		1 dB



		A3 event time-to-trigger

		0 ms, 320 ms, 640ms 



		Radio Link Failure Qout SINR

		-8 dB



		Radio Link Failure Qin SINR

		-6 dB



		Radio Link Failure timer T310

		1000 ms





Handover failure rate = (number of handover failures) / (Total number of handover attempts)
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Figure 5.2.1.3.1: A handover failure is declared when the criterion 1) is met in state 2. [TR36.839]
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Figure 5.2.1.3.2: A handover failure is declared when the criterion 2) is met in state 2.
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