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1	Introduction
Study item on UE Power Saving in NR includes objectives to study techniques to reduce UE power consumption [1]. One aspect of the study is the UE power consumption reduction techniques with respect to the RRM measurements. Currently NR Rel15 baseline defines set of features for relaxing the UE RRM measurements. Regarding the RRM measurements, the SID description stated the following:
….
UE also consumes a lot of power for RRM measurements.  In particular, UE would need to power up before the DRX ON period to track the channel in preparation for the RRM measurement.  Some of the RRM measurements are not necessary but consumes a lot of UE power, for example, the low mobility Ues does not have to measure as frequent as   high mobility Ues. Network would provide the signalling to assist UE to reduce the power consumption on unnecessary RRM measurements. Additional UE assistance, for example the UE status information, etc, is also useful for the network to enable the UE power consumption reduction on RRM measurements.
Therefore, a study is proposed to identify the feasibility and benefit of techniques to allow UE implementations which can operate with reduced power consumption.
The objective is to study UE power saving framework taking into consideration of latency and performance in NR as well as network impact.  The objective of the UE power saving study includes the following,
……
1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

i) Network and/or UE assistance information
ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics

2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]

3)  Study the enhancement of higher layer procedures for UE power saving [RAN2]
………
Currently RAN1 is finishing the study item phase of the power saving and for RAN2 the RAN2#105 is the first meeting to discuss the UE power saving. 
Following agreement was made in RAN2#105:

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


In this document we provide overview of current power saving techniques for power saving in RRM measurements and consider potential topics to study further. In addition, we provide brief study on the effect of UE speed and adaptation of RRM measurement to the UE mobility performance.
2	Discussion
2.1 Reducing power consumption in RRM Measurements
One of the proposed study aspects for reducing UE power consumption was the RRM measurements. In [1] it was considered that RRM measurements would consume lot of power and mechanisms to reduce the consumption needs to be studied.  
Currently in NR, UE may be configured to for inter-cell measurement purposes to measure SSB (SMTC window) and Mobility CSI-RS as well as for intra-cell the SSBs and CSI-RS for beam management purposes. In, addition, UE would need to perform beam failure detection and radio link monitoring. In rel-15, as a one solution for reducing UE measurement load, the relaxation of measurements are already considered for DRX mode operation as well as scaling factors between different measurements. In addition, when configured, UE would not be required to perform L3 RRM measurements the thresholds. We will briefly discuss these mechanisms in above sections.   
As discussed above, rel-15 provides already mechanism to reduce power consumption for RRM measurement thus the further reducing and optimizing the RRM measurements should not have negative impact on the mobility performance.

[bookmark: _Ref525903238]Observation 1: Reducing the UE power consumption by reducing the RRM measurements should not impact negatively on the mobility performance

To study the effect of measurement period and UE speed on UE mobility performance we used a system simulator.
The selected scenario is a dense urban (21 cell wrap around) deployment where each cell is covered by a sector beam (single sector beam/single SS block) which is considered to be the most robust from mobility performance perspective.). This was selected to focus on the fundamental impact of the measurement period chance. The impact of increasing measurement period (with different velocities) could be expected to be more prominent, in multi-beam deployments, due to smaller spatial coverage of each beams. 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 200ms up to 3200 ms together with UE speed. UE speed is varied from 3 km/h up to 120 km/h. Time to trigger value of 320ms was used.
As a metric for mobility performance we used handover failure rate, number failed handovers divided by total number of handovers. In simulations the handover failure may occurs 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.
More simulation assumptions are listed in Annex A.
Simulation results are provided in the table format (Table 1). From the results it can be observed that for low mobility UE, relaxing the measurement period has no severe impact on mobility performance. Based on the results there should be a good way to determine when UE is in low mobility state in order to apply reduction or relaxation for RRM measurements.
[bookmark: _Ref1038680]Observation 2: For low mobility/low speed UE, increasing the measurement period has less impact on mobility performance
[bookmark: _Ref1038681]Observation 3: On high/moderate UE speeds, using too long measurement period has non-negligible impact on mobility performance.
Table 1. Handover failure rate as function of UE speed and measurement period
	Handover Failure Rate (%)
	
	
	
	

	Speed (km/h)/Meas. Period (ms)
	200
	400
	8000
	1600
	3200

	3
	0
	0
	0,26
	0,14
	0,49

	30
	0
	0,08
	0,41
	1,57
	11,33

	60
	0
	0,33
	1,00
	3,68
	25,89

	120
	0,17
	0,86
	3,14
	15,59
	56,74



2.2. SMTC Window Configuration
For SS Block based mobility measurements, UE measurement behaviour can be controlled by network by configuration SMTC window. As stated in 38.331, UE is not required to measure SS Blocks outside the SMTC window. This reduces the UE RRM measurements since SMTC window can be configured to cover only subset of SS Block time locations.
Moreover, network can indicate in SMTC configuration the time locations of the SS blocks to be measured on a given frequency layer, providing in practise UE with assistance information to determine the time domain resources for SSB based RRM measurements. UE is not required to measure SS-RSRP/RSRQ on the locations not indicated by the network. In case the SMTC configuration is absent, UE would need by default to measure all SS Block time locations.   

From 38.331:

ssb-ToMeasure
The set of SS blocks to be measured within the SMTC measurement duration (see 38.215). When the field is absent the UE measures on all SS-blocks. 

And, From 38.215:

SS-RSRP:
If SS-RSRP is not used for L1-RSRP and higher-layers indicate certain SS/PBCH blocks for performing SS-RSRP measurements, then SS-RSRP is measured only from the indicated set of SS/PBCH block(s).
SS-RSRQ:
If higher-layers indicate certain SS/PBCH blocks for performing SS-RSRQ measurements, then SS-RSRP is measured only from the indicated set of SS/PBCH block(s).


[bookmark: _Ref1041483]Observation 4: SMTC window configuration can be used provide power saving opportunities for UE.
Current SMTC configuration and optionally indicating specific SSB locations to measure within the SMTC window can provide UE power saving opportunities when network is using only specific SSB time locations within the SMTC window on a given frequency layer. To further to reduce UE RRM measurement burden and thereby reduce the UE energy consumption, a mechanism where network may signal the UE with information regarding which subset of used SSB locations the UE would need to measure, could be considered. 

Considering the example scenario in Figure 1 where UE is located in the coverage area of a number of SS Blocks from Cell 1 which the UE may measure. In addition, considering further the neighbour cell SSB measurements (or RRM measurements on a frequency layer in general) such as Cell 2, it may not be necessary for UE to measure on all SSB time locations (e.g. indicated by SSB-toMeasure). As an example, the UE measurement could be limited to SSB time locations indicated by the green colour. This subset could be configured by network.

[image: ]
[bookmark: _Ref528843357][bookmark: _Ref533160804]Figure 1. Example scenario for adapting RRM measurements

One approach to reduce the RS signals the UE is required to measure for RRM purposes, is to utilize the UE location in a cell. When UE is located in a specific part of the cell e.g. close to a TRP/gNB UE could activate specific RRM measurement configuration (provided by network) enabling the UE to consider only a subset of potential RS signal locations for RRM measurement. UE location may be determined by network e.g. based on UE beam management/ L3 RRM measurements, e.g. based on current strongest SSB. Location can also be an estimate and depend on e.g. TCI state configuration. Network could configure UE with specific conditions when a configuration to adapt RRM measurements would be enabled. Condition may be e.g. based on estimated location, UE staying in specific geographical boundaries. Similar mechanisms could be also studied further for CSI-RS based RRM measurements.

[bookmark: _Ref1038688]Proposal 1: Study scenarios and conditions by network to enable UE to adapt (to reduce) RRM measurements by indicating a subset of configured signals for RRM measurements

2.3. S-Measure
Similar as in LTE, UE can be configured with S-measure, an RSRP threshold value used for determining whether UE is required to perform evaluation for RRC level measurement reporting events for non-serving cells. When configured with s-measure and the cell quality is measured to be less than a threshold after L3 filtering, UE shall perform evaluation for reporting events. When the cell quality is higher UE is not required to evaluate event i.e. it is not required to perform measurements for RRC level events for non-serving cells. As a different to LTE, the cell quality can be derived and determined either using SSB or CSI-RS measurements, NR release 15 specifies the s-measure configuration option for both types of reference signals. 
From 38.331:
4> if s-MeasureConfig is set to ssb-RSRP and the NR SpCell RSRP based on SS/PBCH block, after layer 3 filtering, is lower than ssb-RSRP, or ​
4> if s-MeasureConfig is set to csi-RSRP and the NR SpCell RSRP based on CSI-RS, after layer 3 filtering, is lower than csi-RSRP: ​

[bookmark: _Ref525903241]Observation 5: In connected mode, S-measure can be configured for UE to reduce RRM measurements when the current serving cell is in good condition 
One way to adapt RRM measurement configuration would be to adapt S-measure threshold in case UE can be determined in specific location of the cell. In a case where UE is located closer to cell centre (area A) the S-measure could be considered to be a lower value than when UE would be located at cell edge (area C) i.e. it may not be useful for UE to start evaluating non-serving cells when the cell quality is below the S-measure threshold if the same threshold is used throughout the cell. Furthermore, this may be considered together with UE mobility state.

[image: ]
[bookmark: _Ref528845896]Figure 2. Illustrating beam configuration of a cell with multiple elevation tiers.

[bookmark: _Ref1038689]Proposal 2: Study the adaptation of UE RRM measurements by adapting the S-measure threshold based on UE specific conditions 

2.4. UE Mobility State and RRM Measurement Adaptation

In NR the UE mobility state may be determined in similar manner as in LTE i.e. based on number of reselections within a timer period. However, currently the mobility state of the UE is not used for adapting RRM measurements. 
Determining a mobility state more specifically determining different mobility states such as low, medium, high or even stationary can be seen as relative metric.
In LTE mobility history information procedure is supported and it specifies how the mobility history information is stored (in RRC_CONNECTED and RRC_IDLE) and provided by the UE (in RRC_CONNECTED). The UE stores the history information of serving cells as specified in TS 36.331 (i.e. cell identities and time spent on the cells). This mechanism could be used to help network to adapt the UE measurement configuration based on provided information [5]. In context of UE power saving SID [1], multiple different mechanisms to determine UE mobility state has been discussed in RAN1 SI phase for UE power saving e.g. network could estimate UE speed using measurements on uplink signals by estimating Doppler, or UE could even determine its speed based on external means i.e. using a positioning system and optionally reporting it to network, but these mechanisms seem to hint additional power consumption. The end results may be in deed negative: UE saves power when doing RRM measurements less frequently, but it is using additional power to determine the conditions for adapting the measurements (or sending signals to enable network to such estimation). 
Also considering to use the absolute speed of the UE to determine mobility state may has problems. As an example, in case UE is a cell covering a large area (or where individual beams of a cell cover large geographical area), an UE moving with 10 km/h speed could be considered from system perspective to be in “low” mobility state, where as in a cell covering small area (e.g. indoor hotspot), an UE moving with 3 km/h speed could be considered as “high”. Thus, in the mobility state evaluation more factors that just UE speed would need to be considered. From system perspective, especially in beam-based deployments, the “mobility speed” is determined more by the change in serving RS/signal (e.g. SSB or cell ID). I.e. regardless of the UE velocity, if the UE stays under the coverage area of given cell or SSB, it would be in mobility sense stationary or low mobility state. 
[bookmark: _Ref1038682]Observation 6: From system perspective, the mobility state is determined by the change in serving RS/signal, rather than UE velocity
It would be preferable to use a simple condition for mobility low/stationary mobility state estimation (or in general when UE can be considered to be in state/condition where it can adapt its RRM measurements). 

Of course determining that UE has entered to low mobility state is only one half of the equation. In addition to determining that UE has entered low mobility state (or when UE can consider itself being in low/stationary state), it should be possible to determine in robust manner that UE has ceased to be in ‘low mobility’ state. While, e.g. based on the mobility history information network could determine for CONNECTED mode UEs when to adapt/relax the measurement activity, this will affect the gathering of further statics and hinder the detection of change of the state.
So if UE is allowed to adapt its RRM measurements based on mobility state, and for example there is no or very little data activity (prerequisite for RRM measurements to provide power saving gains), it may take a long time before network could identify that UE has ‘changed the mobility state’. If UE considers itself to be in low mobility state and maintains reduced measurement activity, but has actually e.g. started to move, there could be negative implications to mobility (and also beam management) performance due to e.g. delays in measurements.
[bookmark: _Ref1041618]Observation 7: Robust, UE autonomous mechanism, is needed to determine when UE should change back to normal measurement activity if UE has adapted its activity based on ‘mobility’ state.

This “exit” condition should be defined at least for case when UE is autonomously determining the conditions when it can adapt the RRM measurements. It could be also beneficial to determine such conditions e.g. when network has triggered UE RRM measurement adaptation based on specific condition.

[bookmark: _Ref1038691]Proposal 3: Study mechanisms and conditions that can reliably determine when UE could apply possible adaptation to RRM measurements and also consider when the UE cannot anymore apply adaptation of RRM measurements. 

3	Conclusions
In this contribution we have discussed the aspects related to power consumption reduction by adapting the RRM measurement activity of the UE. Based on the discussion and results presented we made following observations:
Observation 1: Reducing the UE power consumption by reducing the RRM measurements should not impact negatively on the mobility performance
Observation 2: For low mobility/low speed UE, increasing the measurement period has no severe impact on mobility performance
Observation 3: On high/moderate UE speeds, using too long measurement period has non-negligible on mobility performance.
Observation 4: SMTC window configuration can be used provide power saving opportunities for UE.
Observation 5: In connected mode, S-measure can be configured for UE to reduce RRM measurements when the current serving cell is in good condition
Observation 6: From system perspective, the mobility state is determined by the change in serving RS/signal, rather than UE velocity
Observation 7: Robust, UE autonomous mechanism, is needed to determine when UE should change back to normal measurement activity if UE has adapted its activity based on ‘mobility’ state.
Correspondingly we have made following proposals:
Proposal 1: Study scenarios and conditions by network to enable UE to adapt (to reduce) RRM measurements by indicating a subset of configured signals for RRM measurements
Proposal 2: Study the adaptation of UE RRM measurements by adapting the S-measure threshold based on UE specific conditions
Proposal 3: Study mechanisms and conditions that can reliably determine when UE could apply possible adaptation to RRM measurements and also consider when the UE cannot anymore apply adaptation of RRM measurements.
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Annex A.
Simulation Parameters
	Parameter
	Assumption

	System bandwidth - macro
	10 MHz

	Frequency layer - macro
	4.0 GHz

	Cell layout
	Hexagonal grid, 7 sites, 21 cells per site, with wrap-around
Dense urban with one frequency layer [1]

	Macro inter-site distance
	200 m

	UE mobility
	Fully dynamic with UE speed 3, 30, 60 and 120 km/h
UEs have 50% probability of changing direction between 25 m of movement

	UE deployment
	Uniform UE deployment with all UEs outdoor

	BS antenna configuration
	1 panel per sector
1 cross-polarized antenna element per panel
1 sector beam per panel
Antenna downtilt 15 degrees

	UE antenna configuration
	1 panel, omni directional antenna
1 plus antenna element per panel

	UE receiver
	LMMSE-IRC receiver

	Macro BS Tx power
	44 dBm

	Channel model 
	NR channel model [3]
Spatial consistency model B [3]
Soft LOS model [3] used to determine line-of-sight situation

	Pathloss model
	3D-UMa [4]

	Network load 
	50% RB usage

	 (measurement interval)
	40, 80, 160, 320, 640 ms

	L1 measurement filter samples
	5

	L3 measurement filter
	Not applied

	Handover criteria
	Event A3, RSRP

	A3 event threshold
	2 dB

	A3 event hysteresis
	1 dB

	A3 event time-to-trigger
	320 ms 

	Radio Link Failure Qout SINR
	-8 dB

	Radio Link Failure Qin SINR
	-6 dB

	Radio Link Failure timer T310
	1000 ms











Simulation Results
[image: ]
Figure 3. CDF of number of detected cells and beams per cell ID with different number of UE RX panels
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