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1. Introduction

In the study item of small data transmission (SDT) enhancement, it was agreed to study the long and extended DRX cycle in both idle state and connected mode. The analysis and some potential solutions are also analyzed in [1][2][3]. In this contribution, we provide a text proposal on device power saving enhancements for small data transmission.

2. Text Proposal
[------------------------------------------------------- TEXT START --------------------------------------------------------------]
6.4
Device power saving enhancements
6.4.x Possible solutions for long DRX up to 40.96s
6.4.x.1 General descriptions
The network could configure a second PICH dedicated for the UEs supporting long DRX cycle. Considering that the long DRX cycle shall be used for idle and for connected mode, second PICH might be configured via SIB message.

For paging occasion calculation, the existing formula could be reused. The calculation formula is as follows:

Paging Occasion=
{(IMSI div K) mod (DRX cycle length div PBP)} * PBP + n * DRX cycle length + Frame Offset


Where n = 0,1,2… as long as SFN is below its maximum value.
For the legacy UE, it will keep monitor the legacy PICH on the paging occasion.

For the UE supporting long DRX cycle, it will monitor the second PICH on the paging occasion calculated with the above formula, and the DRX cycle length shall be extended to 40.96 s. The determination of the long DRX cycle is given in Figure x.
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Figure x Procedure of long DRX cycle determination

First, the UE and the SGSN negotiate the long DRX value in NAS through the ATTACH/RAU procedure. The UE can indicate a preferred long DRX parameter, the SGSN replies with the configured DRX cycle length. The negotiation between the UE and the SGSN need not consider whether the extended long DRX is supported by the RAN. The DRX periods are common for idle and connected mode.

The SGSN will inform the RAN about the negotiated long DRX value if the long DRX is supported by the RAN, via either the paging message or other RANAP procedure.

The RAN will indicate the long DRX info either via the system information message or dedicated signalling. If the long DRX is supported, as per legacy mechanism, the UE will calculate the paging occasion but just using the negotiated long DRX cycle length. If not, the UE will use legacy DRX cycle length instead. 
6.4.x.2 Impact on current functionality
In this solution, a second PICH channel dedicated for the small data transmission device is configured, which can avoid the impact to legacy UEs and improve the cell capacity.
As the DRX cycle length shall be extended to 40.96s, the DRX cycle length related configuration IE will be extended. According to the current specification, the notification of system information modification will be broadcast for the entire DRX cycle length. In order to support the long DRX cycle, the notification cycle will be extended to 40.96s.  
Moreover, the NAS protocol should be extended to support the long DRX value negotiation between the UE and the SGSN. 
6.4.x.3 Performance eveluation

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 x: model of Reuse legacy scheme

Based on the model in the Annex1, 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 x: performance evaluation of DRX without MIB reading

6.4.x.4 Solution comparation

Except the solution in chapter 6.4.x.1, there is another solution that the deep sleep mode is used. The model of the solution is depicted in figure below:
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In the solution, 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 xx: performance evaluation of Deep Sleep mode & Obtaining SIBs
6.4.x.5 Conclusion

According to the performance evaluation, it can be seen that deep sleep mode has nearly no power saving gains compared with using the sleep mode, where the DRX cycle length is smaller than 40.96s.
6.4.y Extended DRX Cycle above 40.96 seconds
In this solution, the maximum DRX cycle, could be configured above 40.96 seconds for small data transmission devices to save more power.

6.4.y.1 Performance evaluation
The performance evaluation is divided into two parts based on the system information modification scheme. In the process, the sleep mode is adopted which is defined below:
Sleep mode: RTC clock is running, synchronization is maintained, memory is maintained, UE performs "continuous" measurements when waking up, mobility is maintained, etc.
Scenario 1: Performance Evaluation without MIB reading
In this scenario, the UE will be informed SIB modification through paging and it will not obtain MIB when the UE wakes up. The main modem activities in DRX are depicted in Figure 6.4.2.1-1: 
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Figure 6.4.y.1-1: DRX activities for extended DRX.
Based on the power saving model in Annex A the power consumption in the different phases (ramp-up/down, PICH monitoring, inter-frequency measurements and sleep mode) and the battery lifetime can be calculated:
	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

	Up limit
	0
	0
	0
	0.5
	0.5
	-
	0.57


From the results of the evaluation, for the case of without MIB reading, following observations could be reached:

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.
Scenario 2: Performance Evaluation with MIB reading
In this scenario, the UE will always obtain MIB when it wakes up, which aims to check whether the stored contents are still valid in the UE side. 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 below.
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Figure x. 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


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. Without 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.
6.4.y.2 Conclusion
With all the observations into above, some tentative conclusions could be reached:

· 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.
<Text omitted>
Annex A: Power consumption model

To assess the potential power savings with a long DRX cycle up to 40 seconds the following reference model is used: 

Table 6.4-1: Power consumption model
	Aspect
	Value
	Unit

	Battery:
	
	

	AA lithium 3.6 V
	2,5
	Ah

	Power consumption:
	
	

	Rx
	50
	mA 

	Tx 
	50
	mA 

	Sleep mode (DRX)
	0,5
	mA 

	Deep sleep mode (PSM)
	0.2
	mA 

	Sleep mode
	0,5
	mA 

	Ramp-up/down 
	25
	mA 

	Small Data Traffic (TS 25.705):
	
	

	Packet size UL
	100
	bytes

	Packet size DL
	100
	bytes

	Frequency (high)
	60
	seconds (every minute)

	Frequency (mediumhigh)
	3600
	seconds (every hour)

	Frequency (mediumlow)
	86400
	seconds (every day)

	Frequency (low)
	2628000
	seconds (every month)

	Durations:
	
	

	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


[---------------------------------------------------------- TEXT END --------------------------------------------------------------]
3. Conclusion
It is proposed to agree on and capture in the TR 25.705 the text proposal on device power saving enhancements for small data transmission as presented in this contribution.
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