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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:
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]

a) Study the enhancement of  UE paging procedure based on the additional power saving signal/channel/procedure

b) Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  

Some progress had been made in RAN1 and the corresponding agreements were captured in the TR 38.840 [2]. In this contribution, we discuss the objective 2, i.e. study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment.
2. Discussion
2.1. RRM framework
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 [3]
· The UE shall measure SS-RSRP and SS-RSRQ at least every Tmeasure,NR_Intra (see table 4.2.2.3-1 of [3]) 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.
· Table 4.2.2.3-1 [3] : Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	0.32
	11.52 x N1 x M2 [36 x N1 x M2]
	1.28 x N1 x M2 (4 x N1 x M2)
	5.12 x N1 x M2 (16 x N1 x M2)

	0.64
	17.92 x N1 [28 x N1]
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	32 x N1 [25 x N1]
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

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

	Note1:
N1=[TBD] for frequency range FR2, and N1=1 for frequency range FR1.
Note2: M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.


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 [3] (see Table 9.2.5.2-1). 
Table 9.2.5.2-1 [3]: Measurement period for intra frequency measurements without gaps (Frequency FR1)
	DRX cycle
	T SSB_measurement_period_intra  

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

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

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

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified


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.
Neighbor cell measurement
In NR, UE may need 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. Furthermore, if neighbor cell measurement is enabled, UE has to measure all the identified neighbor cells causing high power consumption especially in an asynchronous network deployment where the measurement occasions are not aligned among neighbor cells.
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.

2.2. Power consumption reduction in RRM measurement
The scope for the RRM enhancement is to study the UE power consumption reduction in synchronous and asynchronous network deployment. The target is to reduce power consumption for measurement/measurement report with similar RRM accuracy in some scenarios, especially for low speed or stationary state. 

Current RAN1 discussion has concluded that adapting/relaxing RRM measurement in time domain has benefit without performance reduction. 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. 

Observation 2: RAN1 already conclude that reducing measurement in time domain and reducing the measured cell number can be beneficial for RRM in idle, inactive, and connected mode. 

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 1: 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 2: 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 3: 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 4: RAN2 to discuss 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: RAN1 already conclude that reducing measurement in time domain and reducing the measured cell number can be beneficial for RRM in idle, inactive, and connected mode. 

Proposal 1: 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 2: In connected mode, the network can configure the relaxed measurement configurations with/ without UE assistance information.
Proposal 3: 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 4: RAN2 to discuss the motivation and benefit for reducing the measurement report based on the network configured conditions. 
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