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1	Introduction 
In RAN4 #92Bis meeting, a WF [1] was agreed to discuss the RRM measurement relaxation if measurement relaxation criteria is met:


	· The following options should be considered for RRM measurement relaxation if the measurement relaxation criteria defined in RAN2 are met in next meeting:
· Option1: RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of carriers to be measured;
· Option2: RRM measurement relaxation of neighbour cell monitoring in LTE MTC/NB-IoT can be reused for defining the RRM requirements for UE power saving in NR
Other option is not precluded.




In the paper, we discuss the performance matrices and provide our evaluation results for RRM measurement relaxation in RRC IDLE/INACTIVE mode based on power saving gain.
2	Performance Matrices for RRM measurement relaxation
To determine the power saving benefit for RRM measurement relaxation for RRC IDLE, we first need to determine the corresponding evaluation performance matrices. In our understanding, the most important task for UE staying in the IDLE mode is to monitor the serving and neighboring cells quality and determine whether UE has to conduct the cell re-selection or not. When UE moves from the coverage range of source cell to that of the target cell, UE has to conduct the measurement of both cells and determine when to trigger the cell re-selection according to its measurement results. If option 2 is adopted, UE skips the measurement of neighboring cells and only resumes measurement when UE is leaving cell center. The time left for UE to perform neighboring cell measurement could be limited such that UE couldn’t collect sufficient measurement samples for the neighboring cells. If option 1 is adopted, UE still monitors the neighboring cells even when UE stays in the cell center. 


The decision can be made based on system-level simulation results. To provide the comparable simulation results, RAN4 needs to agree on the basic system level simulation assumptions. Considering the limited time to discuss detail simulation assumption in RAN4#93 meeting, we suggest RAN4 to trigger an email discussion for system-level simulation assumptions before the end of year 2019. Such that companies can have sufficient time to prepare the evaluation results for the Feb. meeting. As shown in Figure 1, the one key metric we need to consider is the additional cell re-selection delay, i.e., the length of delayed time that UE triggers the cell re-selection due to relaxed IDLE mode RRM measurement.  So we suggest that


[bookmark: _Ref23866839]Proposal 1: RAN4 to trigger the email discussion on system level simulation assumptions of RRM measurement relaxation for NR power saving.     
Proposal 2: RRM measurement relaxation for NR power saving should consider the trade-off between power saving gain and re-selection delay.
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[bookmark: _Ref23862232]Figure 1: Cell re-selection delay

2	NR UE Idle Mode Power Analysis
In this section, we analyze the power consumption of option 1 for NR UE in idle mode based on the power value given in [2]. Without loss of generality, the following UE behavior in on IDRX cycle and NW setting is assumed:
· Before paging occasion, two SSB bursts are used for intra-frequency measurement and time/frequency sync for paging reception. After paging occasion, one SMTC window is used for inter-frequency measurement.
· For inter-frequency measurement, RAN4 does not have any requirement on the timing alignment, so UE needs to receive the whole 5ms SMTC window.
· Only one SSB is transmitted in each SSB burst for a one-beam FR1 deployment scenario
· Different timing offsets are considered between the TDM-ed paging occasion (PO) and SSB 

The R15 baseline UE behavior is shown below in Figure 2. The normalized UE power consumption in one I-DRX cycle  can be calculate based on UE processing timeline show in Figure 2 and the power model given in [2]. The detailed calculation formula is put in the Appendix 4. 
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[bookmark: _Ref23859631][bookmark: _Ref23867156]Figure 2: NR Idle mode UE processing timeline

One extremely-relaxed case is that UE never performs neighboring cell measurement, e.g., in each IDRX cycle, the intra-frequency neighbor cell measurement (intraF-RRM) and inter-frequency neighbor cell measurement (interF-RRM) are skipped. Note that UE still has to do the serving cell measurement (Serv-RRM). An illustration to show the power consumption in this extremely-relaxed case is shown below in Figure 3 for two different paging occasions.
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[bookmark: _Ref23859711]Figure 3: NR Idle mode normal RRM measurement v.s. extremely-relaxed RRM measurement (for two different paging occasions)

Based on Figure 3, it can be seen that the extremely-relaxed RRM measurement saves the following power components:
· Inter-frequency neighbor cell measurement
· Intra-frequency neighbor cell measurement (minus serving cell measurement)
· RRM measurement induced sleep power
The detailed calculation formula can be found in the Appendix 5.

With the analysis shown above, the power saving gain of the extremely-relaxed RRM measurement for different paging occasions could be calculated as in Figure 4:
[image: ]
[bookmark: _Ref23859751]Figure 4: Power saving gain of extremely-relaxed RRM measurement for different paging occasions

With above analysis, we are ready to evaluate the power saving gain for different measurement relaxation factors through interpolation. The averaged power saving gain equals 20.43% if we always perform extremely-relaxed RRM measurement. In contrast, if normal RRM measurement (as shown in Figure 2) is always performed, the power saving gain equals 0. If IDLE mode measurement period is relaxed by a factor of 2, meaning normal RRM measurement and relaxed RRM measurement are performed alternatively, the power saving gain equals 10.22%. Table 1 shows the power saving gain for different measurement period extensions.

[bookmark: _Ref23859800]Table 1: Power saving gain

	
	IDLE measurement relaxation factors

	
	1
	2
	4
	8

	Power saving gain
	0
	10.22%
	15.32%
	17.88%



[bookmark: _Ref23866343]Observation 1: Extending the measurement period provides more than 10% power saving gain.
[bookmark: _Ref23866844]Observation 2: The measurement period can be extended to 2/4/8 times when the measurement relaxation condition (define by RAN2) is satisfied to achieve UE power saving.

[bookmark: _Ref23867369]Proposal 3: The measurement period should be extended at least 4 times to achieve more than 15.32% power saving gain.
3	Summary 
In this contribution, we have the following observations:

Observation 1: Extending the measurement period provides more than 10% power saving gain.
Observation 2: The measurement period can be extended to 2/4/8 times when the measurement relaxation condition (define by RAN2) is satisfied to achieve UE power saving.

And we propose

Error! Reference source not found.
Proposal 1: RAN4 to trigger the email discussion on system level simulation assumptions of RRM measurement relaxation for NR power saving.
Proposal 3: The measurement period should be extended at least 4 times to achieve more than 15.32% power saving gain.
Appendix 
Assumptions on the time durations, power, and energy values derived based on [2] are summarized as follows:

1. Assumptions on time durations (with 30KHz subcarrier spacing)
	Parameters
	Time duration (ms)

	NR paging occasion reception duration
	TPOR = 0.5

	NR SSB burst duration in SMTC 
	TSSB = 0.5

	NR SMTC period
	TSP = 20

	IDRX cycle length
	TICYC = 1280



2. Assumptions on power consumption

                (Normalized w.r.t. deep sleep power)
[image: ]
	      AGC processing power = 100
	      Paging processing = PDCCH-only processing = 100
	      Power scaling with bandwidth in idle mode = 0.5
[image: ]
	Deep sleep (PDS)
	Light sleep (PLS)
	SSB processing for RRM (PSSB)
	CDRX_ON/IDRX_ON processing (PCDON/PIDON)

	1
	20
	150
	100/50


	    Note: PCDON is assumed to operate in 100MHz BW while PIDON is assumed to operate in 20MHz BW

3. Assumptions on wake up cost
[image: ]
	Wakeup stage
	Wake up energy (power * duration)

	Deep sleep
	EDSWU = 450

	Light sleep
	ELSWU = 100



4. UE Power consumption calculation in idle mode
[bookmark: _GoBack]Normalized UE power consumption in one I-DRX cycle

Where 
[image: ]

5. Relaxed RRM measurement power saving gain in idle mode
Power saving amount = 

Power saving gain = , 
where  equals  in 4.

Reference
[bookmark: _Ref23859547][bookmark: _Ref525817000]R4-1910948, WF on Power Saving RRM requirements, Oct., 2019.
[bookmark: _Ref23859561]3GPP TR 38.840 V16.0.0, “Study on User Equipment (UE) power saving in NR”
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