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Introduction
RAN2 discussed power consumption reduction for RRM measurements during RAN2#105 [1, 2]. RAN2 discussed relaxation of RRM measurements. Based on the discussion RAN2 agreed: 
Agreements 
1 RAN2 to evaluate the feasibility to relax the serving and neighbour cell measurements for NR UE.   RAN2 should consider the mobility related aspects when studying the feasibility of relaxing measurements
To progress the work on potential power saving gains with RRM measurements, RAN2 agreed to have an email discussion until next RAN2 meeting:
[105#56][NR/Power saving] - RRM related aspects for power saving (Ericsson)
	Intended outcome: 
	- capture the main issues to address 
	- capture the main solutions identified including both frequency and time domain aspects
RAN2 also discussed L3 beam measurements [2, 3] (e.g. list of cells for which the UE is required to report L3 beam measurement results) and agreed to add this topic to the email discussion:
=>	Add this to the email discussion as one of the solutions
The deadline of this email discussion is Thursday, 2019-03-28, 23:59 Pacific Time. The following contributions were not treated [4-14], but are provided here for reference.
This report gives a summary and proposed way forward of this email discussion.
[bookmark: _Toc242573354]How the discussion is structured
RAN2 agreed to study relaxation of RRM measurements and the email discussion is focussed on that topic. 
RAN1 evaluated the potential power saving gains for different RRM measurement use cases in NR. In the conclusions of TR 38.840 the potential power saving benefits for the following RRM measurement use cases are listed:
1. Relaxed RRM measurement in time domain:
· 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.
2. Relaxed RRM measurement for number of intra-frequency measured cells:
· Gains are shown when UE monitors 4 instead of 16 or 8 intra-frequency cells in Idle 
· Gains are shown when UE monitors 1 instead of 8 intra-frequency cells in Connected 
3. Relaxed RRM measurements by reducing the number of measured inter-frequencies:
· Gains are shown by reducing the number of measured inter-frequencies in both Idle and Connected from 6 to 3.
Companies are encouraged to take note of the proposed power saving enhancements as summarized in TR 38.840 [15] and as further detailed in the individual RAN1 contributions [16-25].
RAN2 should evaluate the potential impact on mobility for the proposed power saving solutions, for both Idle and Connected mode. In addition RAN2 may consider other issues, such as impact on UE or NW complexity. 
But first RAN2 should evaluate the conditions under which the RRM measurement can be relaxed, and the feasibility to implement this in UE and/or NW. In the RAN1 evaluation assumptions have been made about the UE mobility status and/or speed, and/or (relative) RSRP signal strength. 
There are two RAN2 meetings left with 1 TU allocated per meeting to study NR UE power savings. This is a very limited time. RAN2 may therefore have to limit the scope of its studies. 
The following topics are thus proposed to be discussed in this email discussion:
· Which RRC states should be considered for RRM measurement relaxation 
· Conditions under which RRM measurements can be relaxed
· Mobility impact by relaxing RRM measurements in time 
· Mobility impact by reducing number of measured intra-frequency cells
· Mobility impact by reducing number of measured inter-frequencies
· Other RRM measurement relaxation solutions
· L3 beam measurements in Connected
· Specification impact
Background
The reader may decide to skip this section. Furthermore it is noted that the information in this section may not be complete, or detailed in all aspects. 
Some background information is provided such that the RRM enhancements, as proposed in last RAN2 meeting [1-14], can be put into context. Furthermore the RRM requirements in RAN2 and RAN4 are discussed. It is assumed that the proposed enhancements are intended as a change to the existing RAN2/RAN4 RRM measurement requirements, however this is not always very clear (to the author). 
Measurement use cases
The following RRM measurement use cases can be identified:
Idle/Inactive mode[footnoteRef:1]: [1:  The RRM measurements in Idle/Inactive mode, to support Idle mode mobility (cell selection/re-selection), include both RSRP and RSRQ measurements, which are mandatory for the UE to support. The RRM measurements in NR in Idle mode are SSB-based, i.e. the UE performs neighbour cell beam measurements according to the smtc window and ssb-ToMeasure in SIB2/SIB4 and serving cell beam measurements according to ssb-PositionsInBurst and ssb-PeriodicityServingCell in SIB1.] 

1. Serving cell measurements
2. Intra-frequency neighbour cell measurements
3. Inter-frequency neighbour cell measurements
4. iRAT/LTE measurements
Connected mode measurements[footnoteRef:2]: [2:  The RRM measurements in Connected mode, to supported L3 connected mode mobility (i.e. HO), include both RSRP and RSRQ measurements, which are mandatory for the UE to support (the UE is also required to support EventA/B in NR and HO to LTE, if LTE is supported). The RRM measurements in NR in Connected mode can be SSB-based or CSI-RS-based, dependent on the RRC configuration. ] 

5. Serving cell measurements
6. Intra-frequency neighbour cell measurements
7. Inter-frequency neighbour cell measurements
8. iRAT/LTE measurements 
Measurements outside of this RAN2 email discussion scope:
· SINR measurements and reporting (CSI/SSB based) (optional feature) 
· L1 RLM measurements (CSI and/or SSB based)
· L1/L2 beam management measurements (SSB/CSI based) (aka Beam Level Mobility) 
· SFTD and positioning measurements
· Dormant/Latent SCell state (discussed under CA/DC work item RP-182076)
Measurement requirements
RAN2
38.304 (Idle mode):
The UE in Idle mode is required to perform intra-frequency measurements when either the serving cell strength or quality is below the measurement threshold (SIntraSearchP, SIntraSearchQ). When the strength threshold is not present in system information the UE has to continuously perform intra-frequency measurements. When the quality threshold is not present in system information, the UE uses 0 dB, which implies the quality of the serving cell does not trigger intra-frequency measurements. The inter-frequencies/iRAT frequencies the UE is required to measure in Idle mode are indicated in system information for NR and LTE. The inter-frequency/iRAT measurements are controlled by separate measurement threshold (SnonIntraSearchP  SnonIntraSearchQ,). 
38.331 (Connected mode): 
The UE in connected mode is required to perform measurements according to the L3 measurement configuration. Typically intra-frequency event(s) are configured, but also inter-frequency events can be configured in addition, causing the UE to perform both intra-frequency and inter-frequency measurements. The inter-frequencies the UE is required to measure in Connected mode are indicated via dedicated signalling, together with the measurement gaps. 
RAN4
38.133 (Idle mode):
In the most typical configurations the UE is required to measure the serving cell every DRX cycle. The UE is required to detect new cells within a certain time and monitor detected cells for a certain time for cell (re-)selection purposes, for both intra-frequency and inter-frequency. The requirements are defined in such a way that the UE is only required to measure when it wakes up from DRX to monitor paging. The UE shall be able to determine that the cell re-selection criteria is met when the target cell is a certain dB better than the serving cell, dependent on FR1 or FR2. For inter-frequency the re-selection requirements scale with the number of inter-frequencies. The UE shall be able to measure at least 14 carrier frequency layers, which includes the serving layer (NR and LTE FDD/TDD frequencies). 
38.133 (Connected mode):
For each intra-frequency layer, the UE shall be capable of monitoring at least 8 cells, and during each L1 measurement period at least [14] SSBs. The UE shall be able to monitor at least 4 cells per inter-frequency, and during each L1 measurement period at least 7 SSBs.
NOTE: RAN2 agreed to study an DRX cycle up to 10,24 sec in Idle/Inactive mode, i.e. longer DRX cycle implies reduced RRM measurement activity (pending the exact RAN4 requirements of course).
Discussion
[bookmark: _Toc242573360]RRC states for RRM measurement relaxation 
IDLE, INACTIVE and CONNECTED can be considered for RRM measurement relaxation.
Issue 0: Which RRC states should be considered for RRM measurement relaxation
	Company
	Comments

	Ericsson
	We think that RRM measurement relaxation can be considered in both Idle and Inactive mode, i.e. the RRM measurement requirements are similar and the solutions are also likely to be similar, i.e. in that sense these two states seem to go together. 
We think that RRM measurements relaxation in Connected mode can also be considered, but it should be noted that the measurement requirements in Connected mode are more strictly compared to Idle/Inactive, and therefore also the relaxation in Connected mode may have to be scrutinized more carefully. Furthermore it is not clear to us what is the power saving gain, when power consumption due to UL/DL traffic in connected mode is taken into account. Due to the power consumption of UL/DL traffic and PDCCH monitoring in Connected mode, we suspect that PDCCH monitoring enhancements, cDRX enhancements, and quick RRC release have bigger impact on the overall power savings, compared to relaxing RRM measurements in connected. Having said that we do not rule out Connected mode at this point in time, but perhaps should first make progress under which conditions the RRM measurements can reliably be relaxed. 

	MediaTek
	RRC_IDLE/INACTIVE mode
- RRM measurement relaxation can be considered for neighbour cell monitoring. However, the power saving may be limited since in NR most UEs are likely to be mobile (unlike stationary meters in NB-IoT). Full measurement relaxation (e.g., once per 24h as in NB-IoT) may only be applicable to UEs having a dedicated configuration that this is allowed.
- RRM measurement relaxation should NOT be applied to serving cell monitoring. This is to ensure that the UE keeps track of the serving cell quality.
RRC_CONNECTED mode
- RRM measurement relaxation can be considered for neighbour cell monitoring. UE can perform less frequent measurement on neighbour cells (e.g., doubled periodicity) when in cell centre, and resume to normal measurement frequency once it detects a potential neighbour cell for handover. Our simulation results (captured in TS 38.840 V1.0.0) show a ~20% power reduction at the cost of higher (but still acceptable) handover failure rate.
- RRM measurement relaxation can be considered for serving cell monitoring; we may take in to account RAN1 decisions.

	vivo
	We think that both RRC IDLE/INACTIVE and RRC connected modes can be considered. As captured in the TR, the power saving gain for both RRC IDLE/INACTIVE and RRC CONNETED modes are shown. 
About the achievable gain for relaxed RRM in RRC CONNECTED modes, there was an agreement to model PDCCH-only case to remove the dependency due to different traffic conditions such that the RRM power saving can be shown clearly. Secondly, it has been shown by multiple companies that in low traffic load cases, almost 90% of time UE is monitoring PDCCH-only, that is the main case that many of the power saving techniques are targeting. 
Thirdly, there are at least two companies showed the results for RRM relaxation with FTP traffic model 3 and cDRX in the TR, for example R1-1902030 shows power saving gain 11.1% by assuming 4 times relaxation (800ms-> 3200ms)and DRX InactivityTimer = 40ms, R1-1901711 shows power saving gain 22% by assuming 4 times relaxation (200ms->800ms) and DRX InactivityTimer = 40ms
 

	Qualcomm
	We think relaxed monitoring can be considered for RRC Idle and Inactive, in case where UEs have low mobility or stable link quality. For example, LTE’s relaxed monitoring can be reused in NR. Although that feature was initially motivated by stationary IoT devices, its design does not explicitly require or depend on mobility information of UE. We hence think it is applicable to any UEs as long as the relaxation criteria are met. 
For RRC Connected, we think relaxed monitoring can be considered for neighbour cells monitoring, in the case where UEs have low mobility or stable link quality, similar to the other two RRC states. Whether relaxed monitoring can be applied to serving cell monitoring can be up to further discussion. It could have negative impact on mobility performance if serving cell quality is not monitored in time, while the power saving gains may not be substantial compared to the overall power consumption of RRC Connected.

	Sony
	We think all RRC states should be considered for power saving. LTE relaxed monitoring could be a good starting point for all RRC states and agree with Qualcomm view that relaxed monitoring design does not require the information about UE mobility. In addition, We think that reduced neighbour cell measurements could be studied for Connected mode.

	Intel
	We are open to consider RRM related enhancements to any RRC state (as stated in the SID) understanding that the different solutions/conditions may apply to RRC_CONNECTED vs RRC_IDLE/RRC_INACTIVE.

	CATT
	We think all RRC modes (i.e. idle mode, inactive mode and connected mode) need to be considered for RRM measurement relaxation. For example, if a UE is stationary, RRC measurement relaxation can be applied no matter the UE is in idle/inactive mode, or in connected mode. And we think RRM measurements relaxation in Connected mode for serving cell should be more carefully. 

	Nokia, Nokia Shanghai Bell
	RRC IDLE/INACTIVE mode:
We see no strong motivation from UE power saving point of view to relax measurements in RRC IDLE/INACTIVE mode. The UE is required to monitor its paging occasion and serving cell and intra-frequency measurements can be performed at the same time when the UE wakes up for paging monitoring. Intra frequency measurements on top of serving cell measurements seems not to cause remarkable increase of UE power consumption. The UE is not required to perform inter-frequency measurements and inter RAT measurements as often as intra-frequency measurements and it seems that the possible power saving may be rather small. In addition, we think that the UE is already allowed to relax the measurements in IDLE/INACTIVE (if configured thresholds are met), but naturally the UE is required to meet the reselection performance requirements specified in RAN4.

RRC CONNECTED:
We think that measurement relaxation in CONNECTED mode seems more promising than in IDLE and INACTIVE. At least two following approaches can be considered for the measurement relaxation in connected mode:
1. The UE provides assistance information to the gNB, which can then provide more relaxed measurement configuration. Mobility history information specified in LTE can be inherited for this purpose
2. gNB provides rules for selecting certain measurement configuration. gNB can for example provide two measurement configurations i.e. normal and relaxed configurations and the rules are defined for the UE for selecting the configuration.
We think that both above options should be considered for relaxing the measurement in CONNECTED mode. We have a strong view that the selecting the measurement configuration in CONNECTED mode is strictly under the network control.

	LG
	For idle/inactive mode, we have similar view with Ericsson and Qualcomm that the solutions for measurement relaxation can go together, as they have almost same measurement rule. However, LTE relaxed monitoring was designed for stationary IoT devices, we can just inherit the concept to relax the neighbour cell measurement in a specific condition. We can specify in which conditions the UE relaxes the neighbour cell measurement.
Serving cell should not be included for the RRM measurement relaxation, as it may harm UE’s every operation. Even in NB-IoT relaxed monitoring, serving cell was not relaxed.
For connected mode, we see further enhancement for power saving when serving cell quality is below s-Measure.

	Huawei, HiSilicon
	IDLE, INACTIVE and CONNECTED can be considered for RRM measurement relaxation. Serving and neighbour measurement rate/period could potentially be relaxed in any state, and we can consider reducing the number of SSBs, cell, frequencies to measure in any state. Some approaches do not rely on detecting mobility, but we should certainly consider how and whether to take the UE mobility into account – but also bear in mind that we expect the majority of devices to be moving at some point of time (The LTE approach works for both permanently and temporarily stationary devices).

	OPPO
	For RRC Idle and Inactive, we can use the same relaxation mechanism. LTE’s relaxed monitoring should be used a baseline. Only neighbour cell relaxation should be considered.
For RRC Connected, we think this needs further study. Mobility performance is critical for RRC connected mode. When we consider FR2, due to smaller cell coverage, measurement in connected mode is more critical. The trade-off needs carefully evaluation. In RRC Connected mode, the active traffic is consuming majority of the power. The power saving gain of measurement relaxation can be limited.
 

	ZTE
	We are open to discuss all RRC states, and no need to differentiate IDLE and Inactive states, because UE have the same measurement behaviour. 
For Connected UEs, we also think this should be studied very carefully, the measurement relaxation may directly impact system performance and KPI statistics. So any solution we select should be strictly within network’s control.
As commented by other companies, we also think the measurement relaxation should not apply to serving cell measurement. 

	CMCC
	RRM relaxation can be considered in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED only when the relaxation has no or very little impact on the RRM measurement accuracy or other performance.



Conditions under which RRM measurements can be relaxed
RAN1 assumed that for certain conditions (e.g. low mobility deployment/UE speed/favorable RSRP conditions) the RRM measurements can be relaxed with negligible impact on REL-15 performance. Most companies might agree that for a UE that is truly stationary the existing requirements could be relaxed. But NR is a mobile system, that also with relaxed RRM measurements should support a robust and reliable mobility, which may range from stationary or slow moving UE to high speed UE. Key issues to discuss here are the UE mobility states, e.g. only stationary and mobile UEs, or different levels of mobility? And whether the RRM measurement relaxation is coupled to measured (relative) signal strength of the serving cell. 
Issue 1: Under which conditions can RRM measurements be relaxed?
	Company
	Comments

	Ericsson
	In our view we should only differentiate two mobility states for RRM relaxation: stationary and mobile. If the UE is stationary the RRM measurements can be relaxed, when the UE is mobile the existing REL-15 requirements apply. We think that this “binary” approach is already challenging enough, and we consider identifying multiple levels of mobility not feasible. When the UE is stationary (i.e. geographical fixed position) we think the impact on mobility is negligible. Yes, the radio conditions may still change when the UE stationary, but we think that this impact can be taken into account when defining the minimum RRM measurements required for stationary state. 
We do not have a full and clear-cut answer to how to detect the stationary state at this point in time. We need to consider both entering and exiting this state, where the latter is the more challenging aspect, i.e. we want to save power, but need to detect mobility sufficiently fast again. We think that stationary/mobile detection should rely on existing REL-15 measurements. We are not sure if stationary/mobile detection should rely on other measurements e.g. positioning measurements, or new measurement requirements (e.g. doppler measurements). It is noted that in FR2 power class 1 is a Fixed Wireless Access (FWA) UE. 
We suggest to evaluate the approach that has been adopted in LTE for relaxed monitoring of neighbour cells (section 5.2.4.12 in 36.304). In NR, in addition, we may need to consider beam changes to detect mobility. 

	MediaTek
	1. RRM measurement relaxation should be designed considering the following aspects:
· Movement: If the UE is at low mobility or stationary, additional neighbour measurements do not provide new information.
· Position: If the UE is much closer to the serving cell than the neighbour cell, frequent neighbour cell measurements may not be required.
2. Then regarding the mobility state, we believe that the baseline should be a two-state model: Normal and Relaxed Monitoring. We do not call the later “Stationary” because in NR most UEs are likely to be mobile, but RRM measurement can be relaxed to some extent if UE is at low mobility or close to cell centre. We can further discuss the need of an additional state in between (e.g., in which only inter-frequency/inter-RAT measurement is relaxed).
3. We also agree that beam-related issues should be considered.

	Vivo
	As evaluated in the TR, there is marginal mobility impact for stationary or low mobility cases (0.26% handover failure rate for 3km/h case by 4 times increase of measurement period (from 200 ms baseline), and higher mobility impact to high mobility cases. Thus the stationary and low mobility cases should be prioritized as the scenario for relaxed measurement. As captured in the TR, section 5.3, the simplest way to derive the UE mobility state is based on the deployment/cell type, e.g. an indoor small cell can enable the relaxed measurement since there will not be high mobility UEs, while an macro cell do not enable the relaxed measurement, this is purely a gNB implementation. 
Other means of deriving UE mobility state may also be considered, e.g. gNB Doppler estimation or UE reporting of mobility state, but the implementation and specification impact should be studied further. 
In addition to mobility speed, the signal quality may also be considered. For example, UE can relax the measurement when it has favorable RSRP. 

	Qualcomm
	RRM measurements can be relaxed when UE has low mobility or stable link quality. However, we do not think it is practical or necessary to define the relaxation criteria directly based on mobility state of UE. For example, some UEs may not have the capability to measure its mobility. And in some cases, UEs may be highly mobile but maintain good link to the serving cell (e.g. move only around cell center). Therefore, we think it is sufficient to define relaxation criteria based on link quality (e.g. UE enables relaxed monitoring if relaxation criteria is fulfilled for more than a preconfigured period).

	Sony
	We think that relaxed monitoring in LTE could be a good starting point and use of pre-determined criteria e.g. threshold. There could also be a need to further consider the presence of beams while determining enter or exit criteria for relaxed monitoring.

	Intel
	RRM measurement relaxation could be tie with UEs that are stationary or very-low-mobility, as well as, those that are in very-high-mobility or train-speed-mobility, understanding that the relaxation approach/details may be different due to the nature of each scenario. Options that could be considered to distinguish when a UE can relax its RRM measurements include:
· option (1) variable configuration related to the UE mobility state, e.g. the number of cell reselection being less than certain threshold over certain time or when the change of RSRP/RSRQ/SINR measurements is within a delta for certain period of time.
· option (2) deployment related information, e.g. cell type.
· option (3) UE's feedback approach e.g. UE's input coming from a non-3GPP system such as GPS information.

	CATT
	In section 2, we have the following observations based on RAN1 evaluations in TR 38.840 :
1. Relaxed RRM measurement in time domain:
· 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 think at least RRM measurement can be relaxed for stationary/low mobility UEs.

	Nokia, Nokia Shanghai Bell
	At least the following conditions can be considered:
1. UE mobility
2. UE position in the cell coverage area
3. Beam based conditions
We think that RAN2 should not waste its very limited time units for attempting to define the definition for “stationary” UE. The decision to relax the UE measurement should be done in network by utilizing assistance information i.e. like UE mobility history information in LTE.  In addition, beam based conditions can be considered to determine UE mobility state/measurement adaptation.

	LG
	At first, we agree that stationary UEs can be considered for condition of measurement relaxation, but it seems beneficial to generalize the mobility state rather than binary states, because UEs with very low mobility (e.g., walking down the street) may also be candidate of measurement relaxation. 
 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 measurement in advance, even if ibelow s-Measure.

	Huawei, HiSilicon
	If the serving cell quality is high then the measurement period of the serving cell could be increased, and similarly if the neighbour cell quality is relatively low then the measurement period for that neighbour can be increased.

We can consider reducing the number of SSBs/Cells/Frequencies to measure, depending on the current cells SSB coverage. We may also be able to take into account the UE mobility when determining which cells/frequencies to measure. 


	OPPO
	For a mobile UE, regardless its speed/position, the direct criteria are serving cell qualities. For a stationary UE, still the serving cell quality is the condition, but maybe with a different threshold compared to a mobile UE.

	ZTE
	We agree with Ericssion that only stationary or low speed UEs can be considered for measurement relaxation. For cell center UEs, although the quality of serving cell is good, if UE has high speed, handover or re-selection may happen in a short time.  How to estimate UE’s speed can be further studied in RAN2. 

	CMCC
	The RRM relaxation can only be considered when it has no or very little impact on the RRM measurement accuracy, mobility or other performance. We should assess the impacts very carefully if the RRM relaxation has some impacts on, e.g, handover failure rate, since handover failure rate is a very important KPI in practical network and even 0.2% degradation is very severe or even unacceptable from operator’s point of view. 
In our view, the RRM relaxation by reducing the number of measured inter-frequency layers in the scenario that several intra-band frequencies are co-site deployed should be considered, since this RRM relaxation has no impact on RRM measurement and other performance.



Mobility impact by relaxing RRM measurements in time
Issue 2: What is the expected mobility impact when RRM measurements are relaxed in time?
	Company
	Comments

	Ericsson
	In our view, relaxation in time should be coupled to stationary state. 
We think the relaxation should be considered for each measurement type individually, because the REL-15 requirements are different, and the impact on mobility may be different:
Idle/Inactive mode:
1. Serving cell measurements
2. Intra-frequency neighbour cell measurements
3. Inter-frequency neighbour cell measurements
4. iRAT/LTE measurements
Connected mode measurements:
5. Serving cell measurements
6. Intra-frequency neighbour cell measurements
7. Inter-frequency neighbour cell measurements
8. iRAT/LTE measurements 
We think that mobility detection should be based on serving cell measurements, and therefore serving cell relaxation should be considered with care.  

	MediaTek
	For RRC_CONNECTED UE, RRM measurement relaxation may result in mobility performance degradation, i.e., higher handover failure or RLF rate, if not designed properly.
For RRC_IDLE/INACTVE UE, RRM measurement relaxation may delay the cell reselection. However, if UE keeps track of serving cell quality, it should be able to resume normal monitoring when necessary, and thus reselects to a neighbour cell before serving cell becomes unsuitable.

	Vivo
	From the evaluation results shown in the TR, there is marginal mobility impact (RSRP accuracy, and handover failure) if the relaxed measurement in time is restricted to stationary or low mobility UEs (<3km/h). Higher impact is observed for higher mobility cases. 

Section 7 in TR38.840
For adapting/relaxing RRM measurement in time domain
· … 
· 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).

We suggest that RAN2 make a conclusion on the mobility impact based on the current available results.  There is no enough time for RAN2 to discuss this part from zero.

	Qualcomm
	Agree with vivo that we can refer to RAN1 evaluation results to understand expected mobility impact instead of repeating the discussion from scratch. 

	Sony
	We think that RAN2 should consider that mobility performance will not be impacted and can refer to RAN1 evaluation results.

	Intel
	The relaxation of the RRM measurements should only be enabled if there are no major degradations foreseen in UE’s performances. On this regard, MediaTek provided a good summary of the potential impacts if the behaviour were not designed properly, and vivo provided related reference to the RAN1 results captured in the TR. 
In our understanding, for stationary or very-low-mobility, there should not be any mobility impact as the UE should not be changing cells. And for very-high-mobility or train-speed-mobility, there should not be any mobility impact as the relaxation is applied because UE’s measurements provided to the network are invalid or outdated due to the high speed.

	CATT
	Share the same view with vivo, Qualcomm and Sony, we can refer to RAN1 evaluation results. And based on RAN1 evaluations in TR 38.840, there is acceptable mobility impact for stationary or low mobility UEs when RRM measurements are relaxed in time.

	Nokia, Nokia Shanghai Bell
	We see no strong motivation to relax IDLE/INACTIVE measurements. 

CONNECTED mode measurement relaxation needs to be considered very carefully, because CONNECTED mode mobility performance is directly linked to the user experience and network KPIs. Therefore, we think that the measurement relaxation in CONNECTED mode needs to be strictly under network control. Badly designed relaxation would cause HO or RLF failures as was explained by Mediatek.

	LG
	We also agree that we can refer to RAN1 evaluation results.
For connected mode, UEs in low-mobility state or increasing serving cell quality near below the s-Measure can relax the RRM measurement, as these cases seems no mobility impact.

	Huawei, HiSilicon
	As others have commented, the RAN1 evaluation includes mobility impact already.

	OPPO
	Agree with most companies that this is more a RAN1/4 issue.

	ZTE
	Seems so far RAN1 only provides mobility performance impact of “increasing measurement period” approach, is it enough? 
Mediatek provides a good summary of the potential impacts. However, for other relaxation approaches (including new ones raised in RAN2), we doubt the mobility impact can be precisely evaluated in RAN2. 



Mobility impact by reducing number of measured intra-frequency cells
Issue 3: What is the expected mobility impact by reducing number of measured intra-frequency cells?
	Company
	Comments

	Ericsson
	The UE shall be able to monitor at least 8 cells in FR1 and 6 cells in FR2 (section 9.2.3.1/9.2.3.2 in 38.133). In our understanding this applies to Connected mode. 
In our view the number of monitored intra-frequency cells can be reduced when the UE is stationary, provided that stationary state can be detected reliably. 

	MediaTek
	The impact depends on the exact number of cells UE is required to monitor. Notice that in NR, especially FR2, cell size is much smaller and UE may be required to monitor more cells in “normal” state. But if the UE is with low mobility, the number of monitored intra-frequency cells can be reduced for power saving.

	Vivo
	Although there is no available evaluation results in the TR directly to the reducing number of measured intra-frequency cells, but the following can be expected.
1. There is no impact for measurement accuracy as the there is no change on the measured samples or periodicity
2. The impact for handover failure is expected to be marginal if the reducing number of measured intra-frequency cells is only applied to the stationary or low mobility scenarios.

	Qualcomm
	For RRC Idle/Inactive, the impact of less cells to monitor can be controlled if UE has low mobility or stable link condition.
For RRC Connected, UE may be able to reduce the number of cells to monitor by leveraging directions of reference beams (e.g. UE only need to monitor cells in the same direction as its reference beams), while limiting its impact on mobility performance.

	Sony
	We share the view that providing the complete list of neighbouring cells may not be possible for the network. So, RAN2 should mainly investigate if UE based approach could be used to reduce the number of cells to be measured. This should however have no impact on mobility performance. Direction of UE travel could be used for reducing the number of cells it has to measure.

	Intel
	We are ok from RAN2 point of view to allow the option of reducing the number of carriers/cells to monitor/detect when configured and the corresponding condition(s) to relax the RRM measurements were met (in which case no major mobility impact is foreseen). However the exact number of cells to be reduced and the corresponding side conditions should be discussed/evaluated by RAN4. If this solution were desirable, an LS to RAN4 is required to get their input.

	CATT
	Based on the evaluations in TR 38.840 and requirements in TS 38.133, reducing number of measured intra-frequency cells may be only applied to connected mode as there is no requirement for idle/inactive mode in TS 38.133. Higher handover failure or RLF rate may introduced with improper reducing number of measured intra-frequency cells. However, there is no evaluation result in TR 38,840 on mobility. Hence, we need discuss further the reduced number and condition for intra-frequency cell measurement.

	Nokia, Nokia Shanghai Bell
	We see no motivation to reduce the number of measured intra-frequency cells. We think it would be simpler and more efficient to consider if the intra-frequency measurements can be relaxed (periodicity) or ceasing the neighbour cell measurements all together (as per threshold).

	LG
	Reducing number of cell may reduce power consumption, but we wonder if the restriction may result missing a cell in better quality.

	Huawei, HiSilicon
	Agree with Qualcomm and Sony’s comments that impact to mobility performance can be avoided/minimised by taking into consideration the UE speed and direction as well as the reference beam information. 

	OPPO
	This should only apply to stationary or low speed UEs. Also, we are not sure the power saving gain by reducing the number of intra-frequency cells. The UE does not need RF tuning and intra-freq measurement is performed together with paging reception. The power consumption cost is low if it’s not free.

	ZTE
	Similar view with OPPO, it is unclear about the power saving gain of reducing number of monitored cells. In our understanding, less measured cell number does not mean less sample rate according to RAN4 requirement. 



Mobility impact by reducing number of measured inter-frequencies
Issue 4: What is the expected mobility impact by reducing number of measured inter-frequencies?
	Company
	Comments

	Ericsson
	The UE shall be able to measure at least 14 carrier frequency layers in Idle mode, which includes the serving layer and NR and LTE FDD/TDD frequencies (see section 4.2.2.1 in 38.133). In connected mode the inter-frequency measurements are coupled with the event based measurements reporting that the UE shall be able to support (9 intra-frequency events, 10 inter-frequency events, and 10 iRAT events).
In our view the number of monitored inter-frequency carriers can be reduced when the UE is stationary, provided that stationary state can be detected reliably.

	MediaTek
	Similar to previous issue, if the UE is with low mobility, the number of monitored intra-frequency cells can be reduced for power saving

	vivo
	Although there is no available evaluation results in the TR directly to the reducing number of measured inter-frequencies, but the following can be expected.
1. There is no impact for measurement accuracy as the there is no change on the measured samples or periodicity
2. The impact for handover failure is expected to be marginal if the reducing number of measured inter-frequencies is only applied to the stationary or low mobility scenarios.

	Qualcomm
	Similar to intra-frequency.

	Sony
	The number of inter frequency carriers monitored by the UE should be reduced as it has direct impact on UE power consumption. RAN2 should investigate UE based approach e.g. detection of one frequency or cell leading to measurement of other frequency as outlined in R2-1901427.
[image: ]
In such deployments, there is no benefit for UE#3 to measure f2.

	Intel
	Respond to issue #3 also applies here.

	CATT
	In connected mode, higher handover failure or RLF rate may introduced with improper reducing number of measured inter-frequencies. However, there is no evaluation result in TR 38,840 on mobility. Hence, we need discuss further the reduced number and condition for reducing number of measured inter-frequencies.

	Nokia, Nokia Shanghai Bell
	We see that the need for inter-frequency measurements is not so defined by UE mobility (stationary or not) but more on the UE location (cell level). Considering that the inter-frequency measurement configuration (IDLE/INACTIVE and CONNECTED) is under network control i.e. network can de-configure inter-frequencies from the measurements, we don’t see much potential in additional adaptation mechanisms

	LG
	Same view with intra-frequency case.

	Huawei, HiSilicon
	Similar to intra-frequency.

	OPPO
	We think this is the part we should focus on. Inter-freq measurement requires RF tuning and during each tuning, the UE may only take one frequency measurements. Obviously stationary or low speed UE needs this relaxation. For other cases, we need further study.

	ZTE
	For reducing the cell number of each inter-frequency, we doubt about the power gain as we commented in intra-freq case. 
For reducing the number of measured inter-frequency layers, we also doubt about the power saving gain in practice. Although TS38.840 provides some simulation results to this approach, we found that the measurement methodology provided in RAN1 is quite different from what defined in RAN4. After checking the UE requirement defined in RAN4, we don’t think there is much power saving gain by reducing the number of montiored frequency layers. So better to further study more on this approach.

	CMCC
	For inter-frequency neighbour cell RRM measurement, considering the co-site deployment of several carriers in the same band, the channel condition of one carrier is the same as other carries and the RRM measurement results, at least for RSRP, are the same as well. gNB can configure UE the association among these intra-band frequencies, and UE can random select one of the intra-band frequency layers to perform RRM measurement instead of performing RRM measurement on all the frequencies. In one frequency layer measurement, the measured samples and periodicity are the same as Rel-15 measurement procedure, which have no impact on RRM measurement accuracy. UE can further camp on or handover to the cell with maximum RSRP in the frequency.
From the above procedure, we can see that the RRM relaxation by reducing the number of measured inter-frequency layers in the scenario that several intra-band frequencies are co-site deployed has no impact on performance. 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.



Other RRM measurement relaxation solutions
Issue 5: Do companies want to propose additional power saving options that are not mentioned under issues 2 - 4?
	Company
	Comments

	Ericsson
	We think the following additional enhancements should be evaluated further:
· Separate Intra-frequency and Inter-frequency S-measure in Connected mode (R2-1900397)
· In case RAN2 agrees on a stationary detection procedure in the UE, then the UE could signal those state changes to the gNB in connected mode (R2-1900602)
· RAN2 to discuss the measurement requirements when there is spotty inter-frequency coverage (R2-1901427).

	MediaTek
	There may be some RAN1-oriented solutions, for example, UE may adopt longer measurement periodicity but perform measurements on more reference signal points every time it wakes up. We should take RAN1’s decisions into consideration.

	vivo
	Additional resources discussed in RAN1 and captured in TR is not considered in this document and can be further considered. However, the most important thing for considering additional resource is to down select among the list of candidate additional resources for RRM, and RRM resource is evaluated/specified in RAN1.

	Sony
	We agree with Ericsson to study further the topics listed above.

	Intel
	Other options to relax the RRM measurements are the following (R2-1900724):
· Option a.  Delay measurement acquisition. The time required for a UE to acquire a valid measurement could be delayed due to the skip within the measurement period.
· Option b.  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.
· Option c.  Dynamic (de)activation of a configured measurement objects (MO) in a RRC_CONNECTED UE when relaxation may be suitable (e.g. based on its current UE's mobility state)

	CATT
	Share the same view with vivo, additional resources discussed and evaluated in RAN1 needs to be considered.

	Nokia, Nokia Shanghai Bell
	We think that introduction of UE mobility history information like in LTE is low hanging fruit.

	LG
	Following agreements were made in RAN1 Ad-hoc meeting:
· A RSRP threshold and a RSRP variation threshold within a period of time, and based on that, UE can adapt the measurement or report period 
· A RSRP variation threshold within a period of time, and based on that, UE can adapt the measurement or report period

RSRP variation was used in LTE IoT relaxed monitoring, to estimate whether the UE is stationary.  We think we can refer the concept, for measurement relaxation of UE in low mobility state.

	Huawei, HiSilicon
	We can focus on the previous listed issues. 

	ZTE
	Increasing measurement period and reducing sample rate (provided by RAN1) can be considered first because these are straight forward, and have less impact to stationary or low speed UEs. 
We are also open to other solutions, but as we replied in Q1, they should be provide together with clear power saving gain and performance impact for further evaluation.

	
	



L3 beam measurements in Connected
Issue 6: Does the power consumption for L3 beam measurements in Connected need to be addressed? If so, what are the possible power saving enhancements?
	Company
	Comments

	Ericsson
	In case RAN2 decides that stationary UE is allowed to measure less intra-frequency cells, this would imply that the UE is required to monitor fewer beams as well?
We think it is complex for the NW to signal a list of cells for the UE to monitor (R2-1900992), i.e. it is difficult to signal a list that is tailored for each specific UE. We wonder if this issue cannot be better resolved at the UE side, where the UE decides which cells to monitor of all the possible cells the UE has detected?

	MediaTek
	The question is a bit unclear to us.
Beam measurement (L1) is a part of evaluating a cell. We are not sure how power consumption for L3 beam measurements (filtered L1 measurements) can be addressed separately.

	vivo
	
Actually, this part has not been included in the scope of power saving in our understanding. But this part has be extensively discussed in Rel-15. I suppose the solutions for this issue are very clear. Some solutions mainly related to UE implementation complexity and potential power saving benefit. Our RAN2 can discuss this issue if time is allowed based on some simple proposal. 


	Qualcomm
	We think it should be addressed as indicated in our contribution (R2-1900992):
· If one cell’s quality is poor, then it will be a waste to perform its L3 beam measurements and associated L3 beam filtering 
· Large reporting overhead for L3 beam measurement results

The possible solutions can be:
· Alt-1: UE based solution 
· The UE can decide and maintain a cell set which is likely to become target cell (named “pre-triggered cell set”) via UE’s local observation/measurement
· NW can configure threshold(s) for UE to decide “pre-triggered cell set” via RRC configuration
· Alt-2: NW based solution
· The NW configures and maintains the “pre-triggered cell set” via RRC configuration. For example. a cell list like whiteCelList can be added in MeasObjectNR, where UE is required to perform L3 beam measurement for all neighbor cells in this configured list
The benefit of Alt-2 over Alt-1 is that NW can take neighbour cell loading status into consideration, i.e. NW can preclude the neighbour cells with high loading in the cell list.

	Sony
	We think that beam measurement reduction should be studied further and any information should be provided in terms of cell list only. We also wonder if pre-triggered cell set, as pointed by Qualcomm, could also be used for conditional measurement i.e. if UE detects cell x then it should measure cell y otherwise don’t measure cell y.

	Intel
	FFS on motivation and proposed optimization (e.g. it might be good to get further justification from the proponent company on their assumptions when providing the max. foreseen overhead).

	CATT
	Based on the description in reporting of beam measurement information in TS 38.331 (section 5.5.5.2), the UE only includes the best beam or the best beam with other beams whose sorting quantity is above absThreshSS-BlocksConsolidation (or absThreshCSI-RS-Consolidation). In addition, maxNrofRS-IndexesToReport SS/PBCH block indexes or CSI-RS indexes can be configured by the network to control the max number of beam measurement reporting. Hence, the reporting overhead for L3 beam measurement results has already been considered and can be controlled.
The overhead for performing L3 beam filtering may need to be optimized. Based on the procedure of performing measurements (i.e. 5.5.3.1 in TS 38.331), UEs would perform L3 beam filtering for neighbour cell even if the neighbour cell’s quality is poor and measurement report would never been triggered. However, whether this would introduce a heavy overhead is depended on UE. If UE think useless L3 beam filtering need to be avoided, a simple solution is preferred, e.g. L3 beam filtering of neighbor cell starts when the cell level measurement results of the neighbor cell meet the entry condition of one event.

	Nokia, Nokia Shanghai Bell
	We think that beam specific configurations/relaxations can be considered.

	LG
	We are unclear what can be addressed for L3 beam measurements in Layer 3 point of view further, but if we see some benefit for beam specific relaxation, we can study on it.

	Huawei, HiSilicon
	As mentioned in issue 1 we can potentially relax the measurement period of a neighbour when its quality is relatively low, and reduce the number of cells to monitor. It’s not clear whether something further is needed. 

	OPPO
	We do not understand the question well. Beam measurement should be considered as L1. We are not sure what L3 beam measurement is. 

	ZTE
	We are unclear about the detailed solution, does is mean less L3 beam filtering? If so, better to clarify why it can have power saving gain.    



Specification impact
It might be beneficial to consider the potential specification impact of the proposed solutions, including the impact on other WGs. 
Issue 7: What is the expected specification impact of the proposed solutions (under issue 2-5)?
	Company
	Comments

	Ericsson
	The specification impact depends on which RRM measurement relaxation that is agreed. A preliminary list:
· Relaxation in Idle mode in time:
· Section 4.2.2.2 in 38.133 for serving cell
· When the serving cell is below the intra-frequency measurement threshold the UE shall detect new cells with the detection latency as specified in section 4.2.2.3 in 38.133 and measure and evaluate the detected cells for a number of DRX cycles as specified in the same section.
· Similar type of requirements apply for intra-frequency measurements as specified in section 4.2.2.4 in 38.133
·  Reduced number of intra-frequency cells to monitor:
· Section 9.2.3.1 and 9.2.3.2 in 38.133
· Reduced number of inter-frequencies to monitor:
· 38.331, i.e. NW can configure fewer inter-frequencies in system information of configure fewer inter-frequency events in connected mode.

	MediaTek
	RRC_CONNECTED: HOF/RLF, Ping-pong rate
RRC_IDLE/INACTIVE: missed paging
Note: For RRC_IDLE/INACTIVE UE, late reselection may happen and thus UE may sometimes camp on non-strongest cell. However, as long as the UE receives paging, it can check other neighboring cells and access (perform RACH towards) the strongest cell.

	Vivo
	For relaxed measurement in time domain
1. New RRM measurement performance requirement due to relaxation
1. signalling/procedure to enable/disable relaxed measurement in IDLE/INACTIVE, and RRC CONNECETED modes
For reducing number of intra-frequency cells to measure
1) Signalling/procedure to enable/disable of reducing number of intra-frequency cells to measure, e.g. enhanced S-measure.
2) UE capability of number of intra -frequency monitoring cells.
For reducing number of inter-frequency carriers to measure
1) gNB assistant information for UE to reduce the number of inter-frequency carriers to measure
2) Camping behaviour for RRC IDLE UEs.
3) UE capability of number of inter -frequency monitoring cells.
Thus, in general, 38.300, 38.331, 38.304, 38.133 may have impact.


	Qualcomm
	Will depend on agreed solutions? In general, expect 38.331/304/133 will be impacted.

	Sony
	In our opinion, it is bit early to discuss and RAN2 should focus on impacts on 38.331/304/300 only.

	Intel
	The impacted TS depends on the proposed solution and whether it may be applicable for UEs in RRC_CONNECTED vs RRC_IDLE/INACTIVE. From RAN2 side, it may impact TS 38.304, 38.331. RAN1/4 related impact should be identified/discussed by the corresponding WG (there might be impacts on TS 38.133 for RAN4 and TS 38.213 or 38.215 for RAN1).

	CATT
	For relaxed measurement in time domain
- 38.304 may be impacted as performing measurement in idle/inactive mode may be changed.
- 38.331 may be impacted as at least some parameters need to be configured. 
- 38.133 may be impacted as the requirement of UE may be relaxed.

For reducing number of intra-frequency cells to measure
-38.133 may be impacted as the requirement of UE may be reduced;
- 38.331 may be impacted as at least some parameters need to be configured.

For reducing number of inter-frequency carriers to measure
-38.331 may be impacted as the network may need to configure special measurement configurations for reduced number of inter-frequency carriers.

L3 beam measurements in Connected
-Only 38.331 may be impacted.

	Nokia, Nokia Shanghai Bell
	· Mobility history information like specified in LTE as baseline. 
· New configurations and rules for the UE selection of the proper measurement configuration in 38.331

	LG
	Possible parts to be changed from our discussion.
38.331 : 5.5.2 Measurement configuration
5.5.3 Performing measurements – s-MeasureConfig related operations, if multiple thresholds are configured.
38.304 : 5.2.4.2 Idle/inactive measurement rule relaxation

	Huawei, HiSilicon
	From RAN2 perspective we expect only 38.331, 38.304, 38.300 to be impacted. However some solutions may also have RAN1/4 impact. 

	OPPO
	We can discuss this in a later stage.

	ZTE
	Depends on the solution selected. 

	CMCC
	For relaxation of inter-frequency measurement,
38.331, i.e. NW can configure the intra-frequency association information in system information or measurement object. UE can random select the measured frequency layer in the frequency group.
38.304, i.e. UE behaviour in RRC_IDLE.



Summary of email discussion
[bookmark: _Toc242573361]Thirteen companies replied to the email discussion.
Issue 0: Which RRC states should be considered for RRM measurement relaxation 
Most companies think that RRM measurement relaxation can be evaluated in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE. Some companies expressed concerns about relaxing serving cell measurements, especially in RRC_CONNECTED.
Issue 1: Conditions under which RRM measurements can be relaxed
Most companies think that RRM measurement relaxation should take into account the UE mobility status. Many companies also think that the UE mobility status should not be limited to stationary devices, and the discussion should not focus on stationary devices only. Furthermore companies think that not only the UE mobility status, but other conditions, e.g. link quality or beam change, should also be considered as possible conditions under which the RRM measurements can be relaxed. Some companies mention the relaxed monitoring criteria defined in LTE can be used for further discussions. 
Issue 2: Mobility impact by relaxing RRM measurements in time 
Companies indicate that the mobility impact of RRM measurement relaxation is reduced mobility performance. In connected mode it may increase HO failure rate or RLF rate. In Idle/Inactive mode it may degrade cell re-selection performance (e.g. later re-selections). Companies refer to the RAN1 evaluation results on RRM measurement relaxation described in TR 38.840.
Issue 3: Mobility impact by reducing number of measured intra-frequency cells
Not all companies are not convinced about the power saving gains by reducing the number of cells to monitor. Some companies see benefit to reduce the number of cells dependent on UE speed/direction and beam information.
Issue 4: Mobility impact by reducing number of measured inter-frequencies
Companies expect similar impact on mobility as under issue 3.
Issue 5: Other RRM measurement relaxation solutions
Companies indicate (many) different solutions, including additional resources, which is not discussed in this email discussion. 
Issue 6: L3 beam measurements in Connected
One company expresses concerns over the power consumption of L3 beam measurement/filtering, e.g. when the detected cells are poor, and concern about the large overhead of L3 beam reporting. 
Some companies think that the L3 beam measurements and reporting should be discussed further. Some companies indicate that it is perhaps the L1 beam filtering that is the issue, and that the power consumption for beam measurements is implicitly reduced when the RRM measurements are reduced.
Issue 7: Specification impact
Most companies expect impact on RAN2 and RAN4 specifications, but that the specific impact depends on the selected solutions. One company thinks there could be impact on RAN1 specifications.
Conclusions/Proposed way forward
Based on the feedback, the following proposals are made to progress the study on relaxed RRM measurements: 
Proposal 1: RAN2 evaluates RRM measurement relaxation in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE.
Proposal 2: Serving cell measurements are not excluded from the evaluation of relaxed RRM measurements, but serving cell measurement relaxation shall be evaluated with great scrutiny.
Proposal 3: RAN2 to take notice of the RAN1 evaluation results concerning power saving gains and impact on mobility for relaxation of RRM measurements, as captured in TR 38.840.
Proposal 4: 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 …)
· Link quality (e.g. serving cell threshold/quality, position in cell, …)
· Beam status (e.g. beam change, direction, …)
Proposal 5: RRM measurement relaxation is under NW control.
Proposal 6: RAN2 to further discussion if the UE power consumption can be reduced by reducing the number of SSBs, cells, and/or frequencies to measure, without significant impact on mobility. 
Proposal 7: RAN2 to discuss if L3 beam measurements and reporting need to be evaluated specifically.
NOTE from rapporteur: companies are encouraged to discuss RRM relaxation solutions with their RAN4 colleagues. 
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Appendix: draft TP
The following draft TP is based on [26]:
[bookmark: _Toc3387275]6	Higher layer procedure for UE power saving
[bookmark: _Toc3387276]6.1	UE paging procedure based on power saving signal/channel/procedure
The power saving signal/channel related paging is down-prioritized in the study. 
NOTE: It is FFS if further evaluations are required.
Extending the DRX cycle length to 10.24s in idle and inactive mode will be considered. Increasing it above 10.24s will not be studied.
[bookmark: _Toc3387277]6.2	UE power saving procedure in transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE state 
[bookmark: _Toc3387278]6.3	Higher layer procedures for the UE power saving schemes in RRC_CONNECTED
The higher layer procedure for the UE power saving schemes includes the required signalling and procedures (when needed) for the proposed power saving schemes in Section 5.   
The power saving signal/channel scheme for wake-up purpose is considered jointly with c-DRX. The higher layer procedure in support of the power saving signal/channel scheme for wake-up purpose should be studied for the power saving signal/channel scheme adaptation to DRX operation (Section 5.1.4). 
[bookmark: _Toc3387279]6.4	Higher layer procedures for power consumption reduction in RRM measurements
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Relaxing the serving and neighbour cell measurements for NR UE should be studied, considering the mobility related aspects. 
RRM measurement relaxation should not significantly degrade the mobility performance (e.g. HO failure and cell re-selection). In that regard special attention should be paid to the serving cell measurement relaxation.  RRM measurement relaxation is under NW control. 
The RRM measurement relaxation is considered in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE. RAN2 should study the conditions 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 …)
· Link quality (e.g. serving cell threshold/quality, position in cell, …)
· Beam status (e.g. beam change, direction, …)
RAN2 should take note of the evaluation results concerning power saving gains and impact on mobility for relaxation of RRM measurements (see chapter 5 and 7). RAN2 should study RRM measurement relaxation by reducing the number of SSBs, cells, and/or frequencies to measure, without significant impact on mobility. 
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