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1. Introduction

In RAN #80, a new Rel-16 study item on NR UE power saving was approved [1] with the following objectives for RRM:
1) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]

The study item in RAN1 has been completed with the corresponding agreements and evaluation results were captured in the TR 38.840 [2]. In RAN#83, the study item scope in RAN2 has been discussed and clarified during the scope discussing for new WID for power saving [3]. In this contribution, we discuss the UE power consumption reduction in RRM measurement.
2. Discussion
2.1. RRM reduction scenarios
In NR, RRM is performed by UE in idle mode, inactive and connected mode. 

RRM measurement in idle mode and inactive states

For intra-frequency RRM measurement in idle mode, the following are mandated for UE [4]

· The UE shall measure SS-RSRP and SS-RSRQ at least every Tmeasure,NR_Intra (see table 4.2.2.3-1 of [4]) for intra-frequency cells that are identified and measured according to the measurement rules.

· The UE shall filter SS-RSRP and SS-RSRQ measurements of each measured intra-frequency cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by at least Tmeasure,NR_Intra/2.

RRM measurement includes RSRP/RSRQ/SINR measurement, cell search and etc. Instead of frequent turning on and turning off for measurement purpose only, a more sophisticated way is to perform these measurements shortly before or after UE reception of other signals or messages, e.g. paging. 

The UE power consumption measurement results for LTE during a paging cycle is shown in Figure 1. There is a current peak for paging occasion every 1280ms (paging cycle). Although in specification each paging occasion only occupies 1ms. However, the total active time (i.e. high power consumption time) for each paging occasion is up to 28ms, which in implementation may include the ramping up time, DL synchronization, time for monitoring paging PDCCH and performing measurements, and ramping down time, etc. In case paging indication is supported in idle mode to reduce the power consumption for paging monitoring, UE is still required to perform serving and potential neighbor cell measurement such that the overall power consumption cannot be reduced. Therefore the RRM power reduction is important for IDLE mode power saving. 
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Figure 1 Measured power consumption in a paging cycle

RRM measurement in connected states

For RRC connected UEs, specification mandates the UE to derive one L3 sample per 200ms at the maximum, as specified in [4] (see Table 9.2.5.2-1). It is obvious that such frequent measurement may not be always necessary for stationary or low mobility UEs, e.g. in indoor, hotspot. Optimization to reduce the measurement samples has been widely discussed in LTE NB-IoT design which is proofed to be effective. And for NR eMBB UEs, such design principle is also useful.

In NR, UE may needs to measure multiple intra- or inter- frequency neighbor cells if the serving cell quality is below certain threshold. Measurement on these cells may lead to excessive UE power consumption, especially when the cell is in another frequency or not synchronized with the serving cell. Exact model for power consumption of multiple cells measurement should be studied during the SI. In general, current RRM framework is designed for macro deployment with high mobility, which is not power efficient for stationary or low mobility UEs, e.g. in indoor, hotspot. Particularly, UE is required to perform frequent L1 RRM measurement and L3 filtering. 

Observation 1: Existing RRM framework in both RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED mode is not power efficient for stationary or low mobility UEs.

Current RAN1 discussion has concluded that adapting/relaxing RRM measurement in time domain has significant power saving benefit. The solutions includes: increasing measurement period, reducing sample numbers within a measurement period, etc. Besides, adapting/relaxing intra-/inter- frequency measurement, e.g. reducing the cell number or frequency number, can be beneficial. 
As captured in the TR [2], the power saving gain for both RRC IDLE/INACTIVE and RRC CONNETED modes are shown. The conclusion for power saving benefit due to RRM measurement reduction is copied below for reference. 
	For adapting/relaxing RRM measurement in time domain

· 11.1% - 26.6% and 7.4% - 17.8% power saving gains are shown for increasing measurement period 4 times and 2 times respectively for RRC CONNECTED state, 17.9%-19.7% and 0.89%-5.36% power saving gains are shown RRC IDLE/INACTIVE state by increasing measurement period for 1 SSB burst set for measurement and periodic activities and 2 or 3 SSB burst set for measurement and periodic activities respectively. 

· For stationary or low mobility (e.g., 3km/h) case, increasing measurement period has less impact (e.g., handover failure rate changes from 0% to 0.26% for 3km/h by extending 4 times measurement period) to the mobility performance compared to high mobility cases (e.g., handover failure rate changes from 0%-1% for 60km/h by extending 4 times measurement period).

For adapting/relaxing RRM measurement for intra-frequency measurement by reducing the number of measured cells, 

· By assuming number of neighbouring cells to be measured is reduced, it is shown that about 4.7% - 7.1% power saving gain can be observed if reducing the number of measured cells for IDLE state. 1 source shows that about 1.8% - 21.3% power saving gain can be observed if reducing the number of measured cells for CONNECTED state.

· In additional to that, by also assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity, 26.43% - 37.5% power saving gain is shown. 

· The corresponding performance impact was not reported and summarized

For additional resource for RRM measurement 

· For RRC IDLE/INACTIVE, by using additional resources for RRM measurement, the UE power saving gain is 19%~38%. Analysis on network architecture impact, higher-layer/PHY-layer signaling overhead and network energy consumption is not provided. Two sources report 1.6% of SSB overhead for 160ms additional reference signals periodicity assuming that SSB burst set periodicity is 20ms. If static UE specific signals (e.g., CSI-RS) for connected mode UEs can be reused as additional resource for RRM, reference signal overhead may not increase. 

· For RRC CONNECTED, one source showed that, by having CSI-RS repetition for CSI-RS based RRM, the UE power saving gain is 11.8%~20.7% by assuming that CSI-RS overhead of baseline is identical to CSI-RS overhead with enhancement. The analysis on handover failure rate is not provided under the assumed overhead.  

For reducing the number of measured inter-frequency layers

· 2 sources show that reducing the number of measured inter-frequency layers can provide 21%~38% power saving gain for RRC CONNECTED states, and 1 source shows 14%~35% power saving gain for RRC IDLE states by assuming reducing inter-frequency layers from 6 to 3. The mobility performance impact is not provided.

It is noted that for RRM evaluation, PDCCH-only monitoring without data is assumed for RRC CONNECTED state.




Observation 2: The power saving benefit by reducing RRM measurement has been concluded in the TR.
Proposal 1: All RRC states, including IDLE, INACTIVE, and CONNECTED, can be considered for RRM measurement relaxation.
2.2. Mobility aspects evaluation for reduced RRM measurement
In the TR, it can be found that the power saving gain for the identified schemes have been fully evaluated. Thus, for this part, there is no need for RAN2 to do the duplicated work again. RAN2 study shall focus on the mobility impact part, which is the main aspect that RAN2 is expected to do. More specifically:
a)
For adapting/relaxing RRM measurement in time domain, the TR has concluded the power saving gain, and it conducted the evaluation of measurement accuracy and mobility impacts (handover failure). RAN2 should discuss if we can make some conclusion on the mobility impact based on the evaluation in TR, or whether any additional evaluation for mobility impact is needed. If not, we can conclude that there is marginal mobility impact for the low mobility or stationary case. 
b) 
For other RRM power saving schemes in the TR, the power saving gain has been already concluded, while the mobility impact was not evaluated due to lack of time. RAN2 should continue discussion how to carry on the mobility evaluation, including the evaluation methodologies and the assumptions. To better progress the discussion in RAN2, the studies (solutions, evaluations, observations and conclusions) captured in the TR should be used as the starting point. Otherwise, we can also conclude that there is marginal mobility impact for the low mobility or stationary case.
Proposal 2: RAN2 study should focus on the mobility impact part:
· For adapting/relaxing RRM measurement in time domain, RAN2 should discuss if the conclusion on the mobility impact can be made based on the available evaluation results in the TR, whether any additional evaluation for mobility impact is needed.

· For other RRM power saving schemes in the TR, RAN2 should continue discussion how to carry on the mobility evaluation, including the evaluation methodologies and the assumptions. 
During RAN1 discussion and evaluation, the power consumption model was defined in [2]. In order to evaluate the mobility aspects for different solutions, we should first define the evaluation methodologies and simulation assumptions. In LTE HetNet simulation, we have the mobility modelling and assumptions in TR36.839 [5]. This can be used as the baseline for the mobility aspects study for power saving solutions. The key detailed modelling and assumptions are listed in the Annex. 
Proposal 3: The evaluation methodologies and assumptions for mobility aspect can be based on the modeling and assumption in TR 36.839, which is listed in the Annex. 
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, UE reporting of mobility state or UE mobility history information, 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.
Proposal 4: Under certain conditions (e.g. low mobility deployment/UE speed/favorable RSRP conditions/ service type), the RRM measurements can be relaxed with negligible impact on mobility performance.
2.3. Adaptation of RRM measurements
In RRC_IDLE/RRC_INACTIVE mode, the UE perform cell selection/reselection based on RRM measurement. In order to reduce some measurement, network can configure a set of RRM configuration for power saving, e.g. a longer measurement period, or a relaxed measurement sample requirement. At the UE side, when some condition is satisfied, the UE can perform measurement based on the relaxed RRM configuration. The condition can be based on measurement results, mobility state, UE status, or can be up to network configuration on the previous factors. Thus, the idle mode UE can autonomously or conditionally choose which RRM measurement requirement is used to perform RRM measurement based on network configuration. 
Proposal 5: In idle mode, the UE can autonomously or conditionally choose which RRM measurement requirement is used to perform RRM measurement based on network configuration.
In RRC_CONNECTED mode, RRM measurement should be controlled by network, no matter whether the measurement sample can be reduced or measurement period can be extended. The UE can perform RRM measurement according to the network configuration. The network can configure the relaxed measurement requirements based on the measurement results reported by the UE, or the UE assistance information on the UE status. 
Proposal 6: In connected mode, the network can configure the relaxed measurement configurations with/ without UE assistance information.
Besides, RAN1 also identified that it is beneficial for power consumption to reduce the measurement neighboring cell numbers. Current mechanism in LTE and NR is S-measure. When the measurement result is lower than the configured thresholds, the UE will perform the measurement on other intra-frequency cells/ inter-frequency cells. For some UE with low mobility or stationary state, current S-measure is not enough, since the UE anyway need to measure all neighboring cells is S-measure condition is satisfied. 
In order to reduce the cell numbers for RRM measurement, multiple thresholds can be configured. The threshold can be used to control the measurement for one cell or a cell group. When the measurement result is lower than the threshold, the UE should measure the corresponding cell or cell group. In this way, the UE can furthest reduce the cell number to be measured in both connected mode and idle/inactive mode. 
Proposal 7: In connected/idle/inactive mode, the network can configure multiple threshold for S-measure mechanism. When the measurement result is lower than the threshold, the UE should measure the corresponding cell or cell group. 
The above discussion mainly focus on reducing measurement. In connected mode, the UE should report the measurement results based on network configured events or period. For the periodical report case, the network can configure multiple configurations related to the relaxed measurement requirements. The multiple configurations can include different report objectives, e.g. different beam number or periodicities. In practical deployment, this periodical report is not extensively used. For the event trigger case, the UE only report the measurement results when the configured event is fulfilled. Thus, the motivation and the benefit for the reduction of measurement report is not so obvious. 
Proposal 8: RAN2 to identify the motivation and benefit for reducing the measurement report based on the network configured conditions. 
3. Conclusion

In this contribution, we discuss the UE power consumption reduction in RRM measurement. Based on the discussion, we have the following observations and proposals:

Observation 1: Existing RRM framework in both RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED mode is not power efficient for stationary or low mobility UEs.

Observation 2: The power saving benefit by reducing RRM measurement has been concluded in the TR.
Proposal 1: All RRC states, including IDLE, INACTIVE, and CONNECTED, can be considered for RRM measurement relaxation.

Proposal 2: RAN2 study should focus on the mobility impact part:

· For adapting/relaxing RRM measurement in time domain, RAN2 should discuss if the conclusion on the mobility impact can be made based on the available evaluation results in the TR, whether any additional evaluation for mobility impact is needed.

· For other RRM power saving schemes in the TR, RAN2 should continue discussion how to carry on the mobility evaluation, including the evaluation methodologies and the assumptions. 
Proposal 3: The evaluation methodologies and assumptions for mobility aspect can be based on the modeling and assumption in TR 36.839, which is listed in the Annex. 
Proposal 4: Under certain conditions (e.g. low mobility deployment/UE speed/favorable RSRP conditions/ service type), the RRM measurements can be relaxed with negligible impact on mobility performance.
Proposal 5: In idle mode, the UE can autonomously or conditionally choose which RRM measurement requirement is used to perform RRM measurement based on network configuration.
Proposal 6: In connected mode, the network can configure the relaxed measurement configurations with/ without UE assistance information.
Proposal 7: In connected/idle/inactive mode, the network can configure multiple threshold for S-measure mechanism. When the measurement result is lower than the threshold, the UE should measure the corresponding cell or cell group. 
Proposal 8: RAN2 to identify the motivation and benefit for reducing the measurement report based on the network configured conditions. 
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Annex

Reference configuration and assumptions for RRM measurements:  

· SSB periodicity is 20msec 

· 2 SSBs per slot are measured 

· SMTC periodicity is 20msec 

· For inter-band

· Up to [2] frequency layers and 

· Gap pattern ID = 0 defined in TS 38.133 (i.e., measurement gap length of 6msec and measurement gap periodicity of 40msec)

Use the following as a reference for RRM power evaluation:

· Assume SMTC window duration of 2ms (corresponding to 30kHz SCS) for synchronised FR1 scenario.

· Assume SMTC window duration of 5ms  for all other cases

· Note: other values are not precluded

For intra-frequency measurements:

	N: Number of cells for intra-frequency measurement
	Synchronous case
	Asynchronous case

	
	FR1
	FR2
	FR1
	FR2

	N=8
	150
	225-
	170
	285

	N=4
	120
	195
	140
	255


· Table 1: UE power consumption for the RRM measurements

· The following maximum number of cells for intra-frequency measurement within a slot:

	FR1
	FR2

	Nmax = 19
	Nmax = 9


· Table 2:  Maximun numer of cells for intra-frequency measurements

For combined measurement and search:

To obtain combined neighbor cell measurement and search power, add the difference between full neighbor cell search state power and SSB/CSI-RS proc. state power to the neighbor cell measurement power, as shown below:

	N: Number of cells for intra-frequency measurement & search
	Synchronous case
	Asynchronous case

	
	FR1
	FR2
	FR1
	FR2

	N=8
	200
	320
	220
	380

	N=4
	170
	290
	190
	350


· Table 3: UE power consumption of the combined neighbor cell measurements and cell search

For full neighboring cell search:

The baseline neighbor cell search power is independent of the number of cells on the first order and can be approximated as:

	FR1
	FR2

	 150
	270


· Table 8: UE power consumption of neighboring cell search

· It is expressed as the power averaged over a slot during which search is performed.

Connected mode mobility:

	Parameter
	Assumption

	Cell layout
	Hexagonal grid, 7 sites, 21 cells per site, with wrap-around

Dense urban with one frequency layer

	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 [6] 
Spatial consistency model B [6] 
Soft LOS model [6] used to determine line-of-sight situation

	Pathloss model
	3D-Uma [7] 

	Network load 
	50% RB usage

	 Measurement interval
	40, 80, 160, 320, 640 ms

	L1 measurement filter samples
	5

	Layer3 Filter Parameter K
	1

	Handover criteria
	Event A3, RSRP

	A3 event threshold
	2 dB

	A3 event hysteresis
	1 dB

	A3 event time-to-trigger
	320 ms 

	Radio Link Failure Qout SINR
	-8 dB

	Radio Link Failure Qin SINR
	-6 dB

	Radio Link Failure timer T310
	1000 ms


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


[image: image3.emf]Event entering 

condition

RLF timer T310 T311

Radio prolem 

detection 

CQI< Qout 

T310 started

TTT

HO execution 

time 

Radio Link 

failure

HO 

command

HO 

complete

HO Prep. 

Time

HO failure

State 1

Radio link 

monitor 

process

HO 

process

State 2 State 3

Measure

ment 

report 

triggered


Figure 5.2.1.3.2: A handover failure is declared when the criterion 2) is met in state 2.

Idle mode mobility:

	Parameter
	Assumption

	Cell layout
	Hexagonal grid, 7 sites, 21 cells per site, with wrap-around

Dense urban with one frequency layer

	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 [6]
Spatial consistency model B [6]
Soft LOS model [6] used to determine line-of-sight situation

	Pathloss model
	3D-UMa [7]
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