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Discussion and decision
1 Introduction
The DRX cycle smaller than 40.96 is discussed as an option for power saving, and there exists two different solutions.
· Reuse legacy scheme
The maximum DRX cycle is 40.96s and the UE will wake up according to the paging formula. In this solution, the UE will enter sleep mode except the paging occasion. And it will be notified through paging if the SIB is modified.

· Timer based scheme

For this solution, the UE will be in deep sleep mode when the timer is running. And it will read all necessary SIBs after the timer expiration. Then the UE will act as legacy UE to calculate the paging occasion according to the formula until the timer is started.
In this contribution, we evaluate the performance of the two solutions and give some proposals. 
2 Discussion
2.1
Scenario for DRX cycle length up to 40.96s
· Legacy service
In general, the UE with legacy service will be switched to CELL_PCH/URA_PCH state after data transmission and then the RRC connection will be released if there is no data to transmit for a period in PCH state.
When the UE is in PCH state, the UE only wakes up in the paging occasion to monitor the PICH for paging message. Currently, the largest value of DRX cycle is 5.12s. It will bring more power saving gains if the DRX cycle can be extended to larger value.
· Small data transmission

For small data transmission, the possible service includes the type of traffic with every minute as the frequency. For this type of service, the PSM or eDRX is quite large to meet the power saving requirement, while the DRX cycle smaller than 5.12s is not suitable for power saving.
Considering above scenario, it is proposed that:

Proposal 1: RAN2 should consider the solution for DRX cycle length extended to 40.96s.
2.2
Performance evaluation of different solutions

· Reuse legacy scheme with sleep mode
Based on the model in the Annex, we give the evaluation results of the Reuse legacy scheme. In this solution, the UE will be informed SIB modification through paging and it will not obtain MIB when the UE wakes up. The model is depicted in the figure 1 below.
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Figure 1: model of Reuse legacy scheme
The evaluation results are presented in the table 1 below.
	DRX cycle  (msec)
	Ramp-up/do (mA)
	PICH frame (mA)
	Inter-fre

(mA)
	Sleep

(mA)
	Total

(mA)
	Life time

(year)

	1280
	0.3906
	0.3906
	0.1172
	0,4832
	1,3816
	0.21

	2560
	0.1953
	0.1953
	0.0586
	0,4916
	0,9408
	0.30

	5120
	0.0977
	0.0977
	0.0293
	0.4958
	0.7204
	0.40

	10240
	0.0488
	0.0488
	0.0146
	0.4978
	0.61
	0.47

	20480
	0.0244
	0.0244
	0.0073
	0.4987
	0.5548
	0.51

	40960
	0.0122
	0.0122
	0.0037
	0.4992
	0.5273
	0.54

	Theoretical
	0
	0
	0
	0.5
	0.5
	0.57


Table 1: performance evaluation of DRX without MIB reading

· New scheme with deep sleep mode
As the UE will calculate paging occasion after the timer expiration, the model of the solution is depicted in figure below:
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In the example, the DRX cycle length is set to 1.28s and there will be 4 DRX cycles after the expiration of the timer. Based on the calculation above, the power consumption of one DRX cycle will be 1.4mA, which include power consumption on sleep mode, PICH monitoring, Ramp up/down and measurement.

Based on the model in the Annex, the following table presents the evaluation results of the Timer based solution, where the power consumption of deep sleep is 0.2 mA.
	Cycle  (msec)
	Timer (msec)
	Ramp-up/do (mA)
	DRX (mA)
	MIB reading (mA)
	Deep Sleep

(mA)
	Total

(mA)
	Life time

(year)

	5120
	0
	0
	1.4
	0
	0
	1.4
	0.2

	10240
	5120
	0.3809
	0.7
	0.1953
	0.0962
	1.3715
	0.21

	20480
	15360
	0.1904
	0.35
	0.0977
	0.1481
	0.7862
	0.36

	40960
	35840
	0.0952
	0.175
	0.0488
	0.174
	0.493
	0.58

	Theoretical
	0
	0
	0
	0
	0.2
	0.2
	1.4


Table 2: performance evaluation of Deep Sleep mode & Obtaining SIBs

Based on the evaluation above, it can be seen that the timer based scheme has nearly no power saving gains compared with the reuse legacy scheme, where the DRX cycle length is smaller than 40.96s. However, it will be much simpler for a UE waking up from sleep mode which is analysis in detail in [1].
So it is proposed that:
Proposal 2: For DRX cycle length smaller than 40.96s, the UE should be in sleep mode and notified SIB modification through paging to achieve the power saving gains.
3 Conclusion

In this contribution, we analyze the scenario of extended DRX cycle length to 40.96s and give the performance evaluation of possible solutions. According to the analysis above, it can be seen that the extended DRX cycle can bring more power saving gains for some type of service. And the reuse legacy scheme can have the same power saving gains with the timer based scheme, while the reuse legacy scheme is much simpler. 

So it is proposed that:
Proposal 1: RAN2 should consider the solution for DRX cycle length extended to 40.96s.
Proposal 2: For DRX cycle length smaller than 40.96s, the UE should be in sleep mode and notified of SIB modification through paging to achieve the power saving gains.
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5 Annex
	Aspect
	Value
	Unit

	Battery:
	
	

	AA lithium 3.6 V
	2,5
	Ah

	Power consumption:
	
	

	Rx
	50
	mA 

	Tx (good conditions)
	50
	mA 

	Sleep mode (DRX)
	0.5
	mA 

	Deep sleep mode (PSM mode)
	0.2 
	mA 

	Ramp-up/down 
	25
	mA 

	Latencies:
	
	

	PICH monitoring
	10
	msec

	Ramp-up
	14
	msec

	Ramp-down
	6
	msec

	Intra-frequency measurements
	10
	msec

	Inter-frequency/iRAT measurements (30% of wake-ups)
	10
	msec
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