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1 Introduction
In RAN2#89 meeting, the extended DRX mechanisms have been discussed in detail and it was agreed that:

	Agreements on Extending DRX mechanisms
· We will study long/extended DRX in both idle and connected mode. For Idle mode, we should focus on delta compared to Rel-12, e.g. pros&cons vs PSM, impacts on legacy.

· We will study long/extended DRX for CELL/URA_PCH

· We will study long/extended DRX (above 5 sec and also above 40sec). Exact range is FFS 


In this contribution, we try to give the performance evaluation of the long DRX (<=40.96s) and extended DRX (>40.96s) in connected mode and give some proposals.
2 Discussion
This paper tries to have some detailed analysis on the power saving efficiency of long and extended DRX mechanisms, in which the analysis mode in [1] is adopted, and sleep mode [3] is applied both long DRX and extended DRX, i.e., the only difference between the two is the cycle length.
Sleep mode: RTC clock is running, synchronization is maintained, memory is maintained, UE performs "continuous" measurements when waking up, mobility is maintained, etc.

2.1
Performance Evaluation without MIB reading
In [1], the performance evaluation of long DRX and extended DRX was given and it can be seen that longer DRX cycle length will bring more gains if the DRX cycle length is smaller than 40 seconds. Based on the same model, we further give more results when the DRX cycle is set to be larger than 40 seconds, which is named extend DRX. 
In the evaluation, only sleep mode is considered and most of the power is consumed when the UE is in sleep mode. The evaluation can also be made based on the deep sleep mode in which case the ramp-up/down consumption should be given and the deep sleep mode can be used when the DRX cycle is set to any value larger than current DRX.
In this scenario, the UE will be informed SIB modification through paging and it will not obtain MIB when the UE wakes up. The evaluation results are presented in the table1 below.
	DRX cycle  (msec)
	Ramp-up/do (mA)
	PICH frame (mA)
	Inter-fre

(mA)
	Sleep

(mA)
	Total

(mA)
	Life time (weeks)
	Life time

(year)

	5120
	0.0977
	0.0977
	0.0293
	0.4958
	0.7204
	20.7
	0.40

	10240
	0.0488
	0.0488
	0.0146
	0.4978
	0.61
	24.4
	0.47

	20480
	0.0244
	0.0244
	0.0073
	0.4987
	0.5548
	26.8
	0.51

	40960
	0.0122
	0.0122
	0.0037
	0.4992
	0.5273
	28.2
	0.54

	81920
	0.0061
	0.0061
	0.0019
	0.4995
	0.5136
	29
	0.56

	163840
	0.0031
	0.0031
	0.0010
	0.4996
	0.5068
	29.4
	0.56

	327680
	0.0016
	0.0016
	0.0005
	0.4996
	0.5033
	29.6
	0.57

	Theoretical
	0
	0
	0
	0.5
	0.5
	-
	-


Table 1: performance evaluation of DRX without MIB reading

From the results of the evaluation, for the case of without MIB reading, we could reach the following observations:
Observation 1: For the extended DRX cycle = 40.96s which could be supported by the current SFN space, up to 27% ((0.7204-0.5273)/0.7204) power consumption gain could be achieved.
Observation 2: The power consumption gain is up to 30% ((0.7204-0.5033)/0.7204), which means up to 3% additional power consumption gain could be achieved if the extended DRX cycle is further increased from 40.96s to 327.68s.
Observation 3: The theoretical up limit for the total power consumption is 0.5mA, i.e. the theoretical up limit gain is around 31% and there is only additional 4% power consumption gains can be achieved with DRX cycle length above 40.96s.
2.2
Performance Evaluation with MIB reading
In chapter 2.1, the pre-condition of the evaluation is that the UE will be informed SIB modification timely as current mechanism, this issue had ever been analyzed in detail in [2] and it was concluded that the legacy UE will cost additional power consumption under the case of system information modification.
To solve the problem, one alternative is that the UE will always read MIB when it wakes up to decide whether SIBs have been modified. In this solution, MIB reading will prolong the time of reception and the performance evaluation is required.

With the reference power saving model, i.e. sleep mode in [1], we give the performance evaluation of long DRX and extended DRX cycle with MIB reading. Considering 80ms for MIB scheduling, from statistical point of view, here we take 40ms as an average duration for MIB reading, which is depicted in figure 1 below.


[image: image1.emf]Time

Radio on Tme Radio on Tme

Sleep Time

DRX Cycle Length

PICH 

monitoring

Iner-/RAT

measurements

Intra-freq 

measurements

Ramp

down

Ramp-up

MIB reading


Figure 1. MIB is acquired within 40ms
For different DRX cycle length, the battery life time can be calculated:

	DRX cycle  (msec)
	Ramp-up/do (mA)
	PICH frame (mA)
	MIB frame (mA)
	Inter-fre

(mA)
	Sleep

(mA)
	Total

(mA)
	Life time (weeks)
	Life time

(year)

	5120
	0.0977
	0.0977
	0
	0.0293
	0.4958
	0.7204
	20.7
	0.40

	10240
	0.0488
	0.0488
	0.1954
	0.0146
	0.4958
	0.8034
	18.5
	0.36

	20480
	0.0244
	0.0244
	0.0977
	0.0073
	0.4978
	0.6516
	22.8
	0.44

	40960
	0.0122
	0.0122
	0.0488
	0.0037
	0.4987
	0.5756
	25.9
	0.50

	81920
	0.0061
	0.0061
	0.0244
	0.0019
	0.4992
	0.5377
	27.7
	0.53

	163840
	0.0031
	0.0031
	0.0122
	0.0010
	0.4995
	0.5188
	28.7
	0.55

	327680
	0.0016
	0.0016
	0.0061
	0.0005
	0.4996
	0.5094
	29.2
	0.56


Table 2: performance evaluation of DRX with MIB reading
From the results of both table 2, for the case of with MIB reading, we could reach the following observations:

Observation 4: For the extended DRX cycle = 40.96s which could be supported by the current SFN space, up to 20% ((0.7204-0.5756)/0.7204) power consumption gain could be achieved.
Observation 5: If the extended DRX cycle is increased from 40.96s to 327.68s, the power consumption gain is up to 29%((0.7204-0.5094)/0.7204).
Comparing the two cases, we could see that, though with increased cycle from 40.96s to 327.68s in MIB reading, more gains, additional 9% could be achieved, with additional 3% in without MIB reading case; however, the former needs larger cycle to achieve similar gain as the former, which we could see from the table below extracted from table 2&3.
	scenario
	DRX cycle (msec)
	Total (mA)
	Life time (weeks)
	Life time (year)

	Legacy
	5120
	0.7204
	20.7
	0.40

	Without MIB reading
	40960
	0.5273
	28.2
	0.54

	With MIB reading
	40960
	0.5756
	25.9
	0.50

	With MIB reading
	163840
	0.5188
	28.7
	0.55

	With MIB reading
	327680
	0.5094
	29.2
	0.56


Table 3: MIB reading v.s. No MIB reading
Observation 6: Without MIB obtaining, the power consumption gains of DRX cycle = 40.96s can be the same with the gains bringing by setting the DRX cycle to be 163.84s and even 327.68s with MIB obtaining.
2.3
Summary
Taking all the observations into above, we could reach some tentative conclusions:

· For the case of without MIB reading, significant gain could be achieved when the DRX cycle is extended to 40.96s, and additional gain is minor when the DRX cycle is further extended; 
· For the case of with MIB reading, less but still noticeable gain could be achieved when the DRX cycle is extended to 40.96s, additional gain still could be seen when DRX cycle is further extended to 327.68s;
· The DRX cycle in MIB reading case should be configure up to 327.68s, in order to achieve similar gain as 40.96s in without MIB reading case;
Based on the tentative conclusion above, it seems that DRX cycle above 40.96s is not promising on power saving gain; on the other hand, as in [3] PSM like mechanism, with the mode of “deep sleep” was discussed, and there are additional gains achieved with adopting “deep sleep mode”, RAN2 could also consider the introduction of PSM like mechanism, on top of the DRX up to 40.96s.
Proposal 1: Considering gains and complexity, the extended DRX (>40.96s) mechanism should not be considered as a candidate power saving mechanisms in connected mode, further evaluation could focus on PSM like mechanism.
3 Conclusion
In this contribution, we made a quantitative analysis of the possible power consumption gains provided by the long DRX and extended DRX cycle mechanism. 

The power saving mechanism for the case of with MIB reading and without MIB reading were investigated, based on the quantitative results, observations and tentative conclusions, it is proposed that:

Proposal 1: Considering gains and complexity, the extended DRX (>40.96s) mechanism should not be considered as a candidate power saving mechanisms in connected mode, further evaluation could focus on PSM like mechanism.
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