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Introduction
[bookmark: _Hlk510705081]RAN1 has agreed to study techniques to reduce UE power consumption [1]. In one aspect of the study 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 emasurements, the SID description indicated to study techniques to reduce UE power consumption for RRM measurements.
In this contribution we provide simulation results for observing the impact of measurement period and UE speed on mobility performance and discuss the currenly proposed power saving techniques for RRM measurements. 
Discussion

Simulation on Measurement Period impact on Mobility Performance
[bookmark: _Hlk956743]To study the UE mobility performance we performed simulations with different UE speeds and varied the measurement period. This study was done in a fully dynamic system simulator, which consists of fully dynamic system level modelling utilizing exponential SINR link to system level mapping [5].  
[bookmark: _Hlk1035695]The selected scenario is a dense urban deployment with 7 sites (3 cells per site, hexagonal grid) where each cell is covered by a sector beam (single sector beam/single SS block). This was selected to focus on the fundamental impact of the measurement period change. The imapact of increasing measurement period (with different velovities) 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 ferquency measurements were considered.
[bookmark: _Hlk1035670]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 occure 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. However, if UE is moving at higher or moderate velocity, there is non-negligible impact to the mobility performance from using higher measurement periods. It is also good to note that in the presented simulations, the UE velocity was fixed, while the trajectory was time varying (with probability of UE turning every 25m). In practical deployements there can be non-zero probability of UEs changing the velocity, including stopping and starting to move again. This behaviour can be very difficult to predict in practise. 


[bookmark: _Ref1116639]Observation 1: For low mobility/low speed UE, increasing the measurement period has no severe impact on mobility performance.
[bookmark: _Ref1116640][bookmark: _Hlk1035800]Observation 2: On high/moderate UE speeds, using too long measurement period has non-negligible on mobility performance.
As discussed in earlier meetings, the RAN4 measurment requirements scale the UE measurement period (in terms of requirement) as a function of C-DRX cycle and SMTC period. I.e. measurement period can be said to be a function of C-DRX cycle. Thus, in deployments where devices using different speeds are expected (i.e. UE velocities are distributed), network is oblidged to configure e.g. C-DRX periods so that the mobility performance is not compromised. This will lead to concervative setting. While the impact of frequent unneccesary PDCCH monitoring caused by short C-DRX cycles can be reduced e.g. by use of power saving signal, the UE RRM measurements would be expected to carried out as a function of the applied C-DRX cycle, and thus, introduce a baseline for the power consumption. In this context, introducing mechanisms to enabling UEs to reduce the average power consumption by reducing measurement activity, could be beneficial. However, like discussed above and raised in [6], before such can be considered, there needs to be reliable mechanism to allow e.g. increasing the measurement period as well as robust method to recover and resume normal measurement activity.
Table 1. Handover failure rate as function of UE speed and measurement period
	[bookmark: _Hlk1035782]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




On Adapation of RRM measurements in time-domain
In RAN1#AH1901 following agreement was ,ade:
	Agreements:
For UE autonomous RRM measurement adaptation in time-domain with gNB controlled threshold, the following thresholds and corresponding adaptation schemes can be considered,
· A RSRP threshold for UE adapting RRM measurement period, 
· A RSRP threshold for UE adapting RRM number of samples within a measurement period, 
· 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
· A threshold for UE adapting RRM measurement period and the threshold can be at least one of the followings,
· The amount of time during which the UE stays with a specific cell or beam (for RRM measurement) 
· UE’s active TCI state for PDCCH does not change for specific time period.
· The number of handovers/reselections for certain period.
· A threshold which includes UE mobility status, serving cell quality, and based on that, UE can adapt the SMTC window, number of CSI-RS resources sets per target cell, periodicity of CSI-RS resources.




We considering the above options for schemes for adapting the RRM measurements in following sections. 
RSRP threshold for adapting the RRM measurement period

RSRP based mechanism to adapt RRM measurement exists through configuration of S-measure; UE is not required to measure/evaluate reporting criteria for neighobur cells when serving cell is in good condition e.g. cell quality based on RSRP is higher RSRP threshold. However, the the cell quality derivation does not take into account UE mobility since the beams used to derive the cell quality may change while the cell quality may stay within certain range. Also UE location does not affect the threshold.
[bookmark: _Ref1116641]Observation 3: Using cell quality (RSRP) as metric to determine when UE can adapt RRM measurement period does not take into account the UE mobility or UE location
[image: ]
[bookmark: _Ref528845896]Figure 3. Illustrating beam configuration of a cell with multiple elevation tiers.

One way for threshold based adaptation of RRM measurements could be to adapt S-measure threshold in case UE location can be determined to be in a 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 and reducing/selecting the SSB locations to be measured
[bookmark: _Ref1116642]Observation 4: S-measure can be configured for UE to reduce RRM measurements when the current serving cell is in good condition but single threshold value does not take into account UE specific conditions

[bookmark: _Ref1116697]Proposal 1: Consider enhancements to RSRP based thresholds based mechanism such as S-measure for adapting RRM measurements that consider additional conditions such as UE location in a cell and UE mobility state.   

RSRP threshold for adapting number of measurement samples.

Currently, as discussed in past meetings, UE mobility, RLM and BFD related requirements can be summariced as follows:- 
· SSB based mobility measurements; RAN4 requirements scale the measurement period depending on the SMTC period or DRX period (plus additional scaling factors) down to a minimum of 200ms for measurements and 600ms for PSS/SSS detection (Section 9.2.5 and 9.2.6 of [7]), 
· RLM requirements, either based on SSB or CSI-RS, the evaluation periods (out and in) for are also scaled based on corresponding RS periodicity or DRX period down (plus additional scaling factors)  to minimum of 200ms (out) and 100ms (in) ((in Section 8.1 of [7]) and correspondingly,
· link failure requirements (i.e. BFD) are also scaled based DRX period and the corresponding RS period (SSB or CSI-RS) accouting additional scaling factors down to minimum of [50ms] (in 8.5 [7]). 
In these requirements, while they account the SMTC period, do not set any direct requirements for the sampling rate or number of samples UE has to take/use. The requirement(s) for the UE are set on based on the total allowed measurement period (as above) during which UE needs to provide (in case of reporting) result that meets the accuracy requirements determined in Section 10 of [7]. In the past RAN4 discussions not specifying the actual measurement activity has has been a consicius desicion to allow certain implementation freedom for the devices, and thereby to keep the requirements as receiver implementation agnostic as possible.
[bookmark: _Ref1116643]Observation 5: For RRM measurements, in RAN4 specifications, there is no requirement set for number of measurements samples or sampling rate within a measurement period.
[bookmark: _Ref1116644]Observation 6: For reported measurements, UE has to fulfil the measurement accuracy requirement (as specified in 38.133) and the number of samples to reach the accuracy is left for the UE implementation.
In its operation and mobility configuration, as network has to relie on the minimum requirements set in RAN4 and cannot take any predictions beyond those. While information could be provided or derived that preceving radio conditions would appear to be prominent to use fewer measurement samples to meet the same accuracy as with full number of samples, this would in the end depend on the UE implementation. Without any more refined requirements (set by RAN4) to determine that the UE can meet the requirements (with fewer samples), it would not seem possible for the network to give any “permission” to reduce the measurement activity. Naturally, it could be argued that if given a “permission” byt the network, if UE would not be able to relax the measurement activity it should not relax it’s measurement accuracy. This would also imply that this would need to be tested (in various conditions).
So, while it can be shown that UE in a certain conditions with certain type of implementation, it is possible to meet similar accuracy with different number of samples, this appears only to be fully an UE internal implementation issue. As RAN4 spesfication currently does not specify the number of samples UE needs to take to meet the given requirements for accuracy of measurement reports (e.g. RSRP), it would seem prudent to ask from RAN4 if they have any intent to change the approach specify such requirements.
[bookmark: _Ref1116699]Proposal 2: Before considering any further changing the UE measurement samples, it should be clarified with RAN4 if they have intent to introduce such requirements that would allow this kind of behaviour to be verified.

Measurement Adaptation Based on UE Mobility 
In addition to determining that UE is low mobility/stationary state (or in general to be from mobility perspective to be in measurement adaptation state) it should be defined when UE cannot anymore assume such state. In other words also the exit condition need to be defined if UE is allowed to adapt its RRM measurements based on mobility state.
[bookmark: _Ref1116645]Observation 7: In addition to determine when UE is in low/stationary mobility or in more general view when UE is in a state where it can apply adaptation to measurements, it should be defined what are the conditions where the adaptation cannot anymore be applied.
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 adapatation based on specific condition. 
[bookmark: _Ref1116700]Proposal 3: Define the conditions when UE cannot anymore apply the adaptation to RRM measurements. 

On configuration of Additional Signals for UE power save
Following agreements were made in RAN1#AH1-19 regarding the use of additional signal for RRM measurements: 
	Agreements:
· The followings can be considered as the usage of additional resource for RRM measurement,
· CSI-RS, including TRS
· SSS only
· SSB
· PSS, SSS and wake-up signaling/paging
· E.g., including transmitted in SFN (single frequency network) manner
· [bookmark: _Hlk1030609]DMRS for RMSI PDCCH/PDSCH for standalone 
· Additional new RS/signal (e.g, configuring additional RS next to SSB) in addition to existing RS/signal in Rel-15
· Note: Existing structure/waveform of Rel-15 signals/channels is recommended to be studied for additional resource
· Note: companies report the purpose of additional resource for RRM measurement, e.g., measurement, cell search and etc.
· Companies report in which of the following RRC state(s) the additional resource can be used,
· RRC IDLE
· RRC INACTIVE
· RRC CONNECTED




To understand the impact of considereing additional signals for RRM measurement we consider following points: UE should be able to determine presence (and configuration) of such signals for current serving cell and at least adjacent neighoubr cells. In practice such configuration would mean introduction of cell or layer specific signals that UE would be able to determine implicitly e.g. based on the broadcast information the configuration of such signals for all the cells or the configuration would be provide ( in addition that network would need to transmit such signal on each cell in the frequency layer). In context of Release-15 this aspect was discussed, in form of mobility RS, to provide UE additional RS to be used for neighbour cell measurments. Such signals were not accepted in Release 15 with the argumentation that it was desirable to not to introduce any ‘CRS’ type of high density signals what would be “always” on and thus the only signal that is supported for IDLE and INACTIVE state mobility is the SSB. 
Furthermore, considereding the additional signals in the agreement above, we discuss the following:
· CSI-RS, CSI-RS for TRS: TRS is a beam management signal and beam management is done for the serving cell only i.e. the TRS is not configured for neighbour cell (for a UE) and providing such information would require either introducing new broadcast information or dedicated signaling (if for CONNECTED mode UEs only). As noted below, mobility CSI-RS already exist in Rel-15 for CONNECTED mode devices.
· CSI-RS for Mobility: can be configured for inter-cell measurement purposes through dedicated signaling but there is no common configuration or cell specific configuration (i.e. broadcast) where UE would able to derive CSI-RS information for RRM measurements without explicit configuration.
· SSS only: this would imply new sweep for SSS signals. Additional inter-cell configuration would be needed as UE would also need to have information of. CSI-RS for mobility could be used for such task if restricted to CONNECTED mode, but as noted, cell/layer specific configuration via broadcast is not currently supported 
· SSB: configuring additional SSBs could potentially cause problems for initial access (or IDLE) UEs since they would not be able to tell difference between the actual SS Burst Set and the additional one. Alternatively such additional SSB positions would need to be provided in the system information which seems not very feasible. 
· Wake-up signaling/paging: using wake up signalling has a problem of being aperiodical in nature.
· DMRS for RMSI PDCCH/PDSCH: Current specification only determines the monitoring occasions for the possible transmission of SIB1. The periodicity with which network actually sends the SIB1 is under network control, and the periodicity does not need to be fixed, thus DMRS related to SIB1 can be considerd to be apperiodic in nature. Furhtermore, depending on the configuration selected for SS/PBCH block and CORESET multiplexing pattern 1, same time occasions could be used to transmit SIB1 (one at a time) that could be spatially associated to two or more SSBs. Thus, while from SIB1 reception perspective this does not matter, but for deriving measurement result in a meaning full manner, UE would need to know the association between the received RS/signal and SSB index. It is good to note that it might not be desirable for the network to fix the SIB1 transmission period as same search space time locations (and CORESET) could could be shared by other channels, e.g. paging and SI. 

In general, the additional signals would not work in IDLE mode as there is no possibility for UE to measure other signals unless the configuration is provided in the system information or the configuration of such signal would be frequency layer specific.
Cell specific or And since no cell specific signals e.g. CSI-RS for Mobility that would be implicitly determined by UE ( or even determined from system information ) can be transmitted it would be difficult to use such additional signals for RRM measurements. In practise the use of additional signals would be limited for current serving cell measurements thus potential for UE power saving is unclear from the RRM measurement perspective. 
As noted above, on reason why additional RS, e.g. mobility RS multiplexed with SSB, were not accepted was the increased overhead to the system. Thus, before introducing such signals it would appear to be relevant to guantify the merits of such signal, provided benefits to the UE power saving and performanance, and weigth those agaist the cost applied to the system. As legacy devices would be still relying on the existing signals only, it would not be possible for the network to reduce e.g. the transmission periodicity of SSBs, thus additional RS would always be additional overhead for the system.
[bookmark: _Ref1116646]Observation 8:Additional signals would enable additional or alternative measurement occasions/opportunities for serving cell but would not be feasible for L3 mobility measurements due to configuration issues.
[bookmark: _Ref1116647]Observation 9:The use gains of using additional The power saving gain from additional signals for RRM measurements from RRM measurement perspective are unclear.
[bookmark: _Ref1116701]Proposal 4: Do not introduce additional signal for UE power saving in RRM measurements.

Conclusion
Based on the simulation results presented in the document we observe the following:
Observation 1: For low mobility/low speed UE, increasing the measurement period has no severe impact on mobility performance.
Observation 2: On high/moderate UE speeds, using too long measurement period has non-negligible on mobility performance.

On introducing RSRP threshold for adapting RRM measurements we observed that:
Observation 3: Using cell quality (RSRP) as metric to determine when UE can adapt RRM measurement period does not take into account the UE mobility
Observation 4: S-measure can be configured for UE to reduce RRM measurements when the current serving cell is in good condition but single threshold value does not take into account UE specific conditions
Observation 5: For RRM measurements, in RAN4 specifications, there is no requirement set for number of measurements samples or sampling rate within a measurement period.
Observation 6: For reported measurements, UE has to fulfil the measurement accuracy requirement (as specified in 38.133) and the number of samples to reach the accuracy is left for the UE implementation.
And propose following:
Proposal 1: Consider enhancements to RSRP based thresholds based mechanism such as S-measure for adapting RRM measurements that consider additional conditions such as UE location in a cell and UE mobility state.
Proposal 2: Before considering any further changing the UE measurement samples, it should be clarified with RAN4 if they have intent to introduce such requirements that would allow this kind of behaviour to be verified.

On the measurement adaptation based on UE mobility:
Observation 7: In addition to determine when UE is in low/stationary mobility or in more general view when UE is in a state where it can apply adaptation to measurements, it should be defined what are the conditions where the adaptation cannot anymore be applied.
Proposal 3: Define the conditions when UE cannot anymore apply the adaptation to RRM measurements.

And finally we discuss the use of additional signal for power saving for RRM measurements:
Observation 8:Additional signals would enable additional or alternative measurement occasions/opportunities for serving cell but would not be feasible for L3 mobility measurements due to configuration issues.
Observation 9:The use gains of using additional The power saving gain from additional signals for RRM measurements from RRM measurement perspective are unclear.
Proposal 4: Do not introduce additional signal for UE power saving in RRM measurements.
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Annex A. Simulation parameters
[bookmark: _Hlk1036561]
	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 [2]

	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
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