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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In LTE, the synchronization signals appear every 5msec and CRS appears in every DL subframe, it is not so difficult for UE to simultaneously monitor the PDCCH in the DRX on duration and proceed the radio resource management (RRM). However, in new radio (NR) system, all reference signals for SSB-based RRM are confined within SMTC window duration, and the SMTC periodicity is one of the value among {5, 10, 20, 40, 80, 160} msec. 
Agreements in RAN1 # 91:
· SMTC window duration:
Both for inter-/intra- frequency measurements, the candidate values are {1,2,3,4,5} msec
· SMTC periodicity:
Both for inter-/intra-frequency measurements, the candidate values are {5, 10, 20, 40, 80, 160} msec



     



Considering that SS-blocks are broadcast signals, but DRX is UE specific, it is impossible for network (NW) to align the SMTC window On-duration and the DRX On-duration for all UEs. Therefore UE needs to have at least two kinds of ON/OFF operations in NR. One is DRX ON/OFF for data reception, the other one is measurement ON/OFF for RRM. In this paper, we discuss the timing difference between this two ON/OFF operations and its impact on UE power consumption.

2	Discussion 
2.1 UE Power Consumption Modeling
In this section, we give the analysis for aligned and non-aligned SMTC window On-duration and DRX On-duration, assuming sub-6 carrier system is used for NR. 
UE power consumption is calculated based on following model with different power state. It should be noted that UE transmission power is not considered. We focus on the UE power consumption for DL reception due to non-alignment between SMTC window On-duration and DRX on duration. 
[image: ]
Figure 1: Model with Different Power States
Before each On-duration, UE needs to wake up earlier for warm-up, which may endure 1~2ms. The power consumption for warm-up should be considered. At the end of each On-duration, UE need to stay awake for a period of time for cool-down, especially at the baseband. The power consumption for cool-down should also be considered.
[bookmark: _Ref503542228]Observation 1: UE need to wake up earlier for warm-up before each On-duration and stay awake for a while for cool-down after each On-duration. 

2.2 UE power consumption 
Two cases are considered for power consumption: 
•	Case 1: On-duration of the SMTC window and DRX are not aligned. (Figure 2)
•	Case 2: On-duration of the SMTC window and DRX are aligned. (Figure 3)
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Figure 2: SMTC and DRX Configuration w/o On-duration Alignment (Case 1)
[image: ]
Figure 3: SMTC and DRX Configuration w/o On-duration Alignment (Case 2)
 
For both of cases, UE power consumption are calculated assuming that the length of DRX On-duration is 4ms and the length of SMTC window On-duration is 5ms. We also consider the following 3 different DRX cycle. 
· DRX cycle = 20 ms
· DRX cycle = 80 ms
· DRX cycle = 128 ms

UE power consumption for Case 1 and Case 2 with different DRX cycles are evaluated in Table 1. The detailed parameters and calculation method are provided in the Annex. 
Table 1 Power Consumption Comparison between Case1 and Case 2
	DRX cycle
	Power Consumption（mA）
	Extra Power Consumption

	
20 ms

	Case 1
	127.5
	18.6%

	
	Case 2
	107.5
	

	
80 ms

	Case 1
	46.875
	11.9%

	
	Case 2
	41.875
	

	
128 ms

	Case 1
	21.796875
	16.7%

	
	Case 2
	18.671875
	


[bookmark: _Ref503543783]Observation 2: Compared with aligned on-duration of SMTC and DRX, 12% to 18.6% additional UE power is consumed for the case of non-aligned SMTC and DRX on-duration.  

If we compare the Figure 1 and Figure 2, it is obviously that the extra power consumption comes from the cool-down time of previous On-duration are not overlapped with the warm-up time of next On-duration. So we propose to define a time gap that can distinct the cases of alignment and misalignment between SMTC and DRX On-durations.
[bookmark: _Ref503779496]Proposal 1: Definition of non-alignment: timing difference between the end of SMTC windows and the beginning of DRX on duration, or timing difference between the end of DRX on duration and the beginning of SMTC windows is larger than a pre-defined time gap, e.g., 1 slot.

Considering that the DRX cycle in LTE can be a multiple of 32ms, which implies it might exist a case SMTC and DRX On-duration are sometimes aligned, but sometimes not aligned, as shown in Figure 4. Therefore, we propose that in continuous N samples required for RRM measurement, if one of the N sample achieves the definition of non-alignment, then the requirement should be relaxed such that UE can choose proper SMTC on duration to proceed the measurement. Note that for the case of inter-frequency measurement, the alignment between DRX and GAP may need to be further studied.



Figure 4: SMTC and DRX Configuration w/o On-duration Alignment 

[bookmark: _Ref503779500]Proposal 2: If STMC and DRX onduration are not always alinged in time, the measurement delay requirements should be relax, e.g., total delay is scaled by [1.2 to 1.5].
3	Summary 
In this contribution. We have observed that
Observation 1: UE need to wake up earlier for warm-up before each On-duration and stay awake for a while for cool-down after each On-duration.
Observation 2: Compared with aligned on-duration of SMTC and DRX, 12% to 18.6% additional UE power is consumed for the case of non-aligned SMTC and DRX on-duration. 
And we propose
Proposal 1: Definition of non-alignment: timing difference between the end of SMTC windows and the beginning of DRX on duration, or timing difference between the end of DRX on duration and the beginning of SMTC windows is larger than a pre-defined time gap, i.e. 1 slot.
Proposal 2: If STMC and DRX onduration are not always alinged in time, the measurement delay requirements should be relax, e.g., total delay is scaled by [1.2 to 1.5].
4	Appendix 
4.1 Assumptions on Timing
	Parameters
	Time duration (ms)

	NR DRX on Duration 
	TNR_DRX = 4

	NR SMTC window 
	TSMTC = 5

	Baseband warm-up 
	TWA = 2

	Baseband cool-down 
	TCD = 2

	DRX cycle length
	TCYC = 20, 80, 128



4.2 Assumptions on Power Consumption


	
	Configuration 1
	Configuration 2
	Configuration 3

	Base: PBS (mA)
	20
	20
	5



	
	Modem : PMD
	RF (Rx) : PRF

	Module Power (mA)
	100
	50



[bookmark: _GoBack]4.3 UE Power Consumption Calculation
UE power consumption in one DRX cycle
Case 1:
· 
Case 2: 
· 
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