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1
Introduction
In last meeting, it was discussed in [1] how much the PPI can reduce power consumption.

This contribution provides an update of the previous evaluations including uplink traffic for the first 3 scenarios as well as two additional scenarios based on traces of background and active traffic of IM application.

The observations are similar, i.e. depending on each case, the PPI may or may not help to save power. We would like to discuss how to improve the changes that the PPI can help to save power in real situations.

2
Discussion
2.1
Assumptions
We consider 3 schemes to save power, which is same as them in [1]:

·  eNB inactivity timer. The eNB (re)starts a timer after sending or receiving a packet. When the timer expires, the eNB configures the UE with a power optimised DRX configuration.
· UE inactivity timer based PPI. The UE (re)starts a timer after sending or receiving a packet. When the timer expires, the UE sends a PPI indicating lowPowerConsumption and the eNB configures the UE with a power optimised DRX configuration.
· UE prediction based PPI. In this method, the UE has the capability to predict the time of the next packet to be sent or received. When UE receives a packet, if the no packet is expected before a certain time, the UE sends a PPI indicating lowPowerConsumption following the packet transmission and the eNB configures the UE with a power optimised DRX configuration.
The main assumptions are listed below:
	Parameters
	Value

	Traffic
	Both downlink and uplink, either of them fulfil Poisson distribution individually or Trace  in Annex. 
Packet size:  small enough for each packet can be transmitted in one TTI

	Default DRX parameters[2]
	Short cycle length: 40 ms
DRX short cycle timer: 8 short cycles
Long cycle length: 320 ms
DRX inactivity timer: 10 ms 

On duration timer: 5 ms

	Power optimised DRX parameters[2]
	Long cycle length: 2560 ms

DRX inactivity timer: 10 ms

On duration timer: 5 ms

	Metrics
	Packet delay(ms): the transmission time for a packet
Power consumption (ms): which is the summation of active time and the time (TTIs) consumed by UL transmission (include all of the UL data, and its SR and BSR).  


We compare the eNB inactivity timer (i.e. PPI is not used) with UEs sending the PPIs based on inactivity or on prediction of next packet with different timer values. 
	Scenario
	Traffic IAT(s)
	Scheme
	Timer(s)

	1
	Both for UL and DL is 10, Poisson distribution
Both for UL and DL is 20 Poisson distribution
	eNB inactivity timer
	5

	
	
	UE inactivity timer based PPI
	5

	
	
	UE prediction based PPI
	5

	2
	Both for UL and DL is 10, Poisson distribution
Both for UL and DL is 20 Poisson distribution
	eNB inactivity timer
	5

	
	
	UE inactivity timer based PPI
	3

	
	
	UE prediction based PPI
	3

	3
	Both for UL and DL is 10, Poisson distribution
Both for UL and DL is 20 Poisson distribution
	eNB inactivity timer
	5

	
	
	UE inactivity timer based PPI
	10

	
	
	UE prediction based PPI
	10

	4
	Can find in Annex, trace 1. (Background traffic of MSN)
	eNB inactivity timer
	5

	
	
	UE inactivity timer based PPI
	5 and 3

	
	
	UE prediction based PPI
	5 and 3

	5
	Can find in Annex, Trace 2. (Active traffic of MSN)
	eNB inactivity timer
	5

	
	
	UE inactivity timer based PPI
	5 and 3

	
	
	UE prediction based PPI
	5 and 3


2.2
Results
Based on the above simulation parameters, we have the following numeric results and analysis.
2.2.1
Scenario 1

In this scenario, the same timer value is used by the eNB or the UE.
Table 1: Power Consumption (ms) in scenario 1
	Method
	Power Consumption ( UL,DL IAT=10s)
	Power Consumption ( UL,DL IAT=20s)

	eNB inactivity timer
	14837
	8485

	UE inactivity timer based PPI
	15922
	9011

	UE prediction based PPI
	9516
	4785

	UL Power Consumption
	297
	147

	Number of UL data
	99
	49

	Number of DL data
	100
	50
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      Figure 1a: Packet delay (UL, DL IAT=10s)           Figure 1b: Packet delay (UL, DL IAT=20s)
In this figure, the blue line for scheme 1 and red line for scheme 2 are almost identical.
If the UE is able to predict next packet arrival, the PPI can primely reduce the UE power consumption when using a timer smaller than the IAT, with only a little loss in present of packet delay. 

IF the UE is not able to predict the next packet arrival, the PPI almost does not provide any gain.
2.2.2
Scenario 2

In this scenario, the UE uses a shorter timer than the eNB.
Table 2: Power Consumption (ms) in scenario 2
	Method
	Power Consumption  ( UL,DL IAT=10s)
	Power Consumption  ( UL,DL IAT=20s)

	eNB  inactivity timer
	14996
	8485

	UE inactivity timer based PPI
	13339
	7659

	UE prediction based PPI
	3760
	2843

	UL Power Consumption
	297
	147

	Number of UL data
	99
	49

	Number of DL data
	100
	50
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Figure 2a: Packet delay (UL, DL IAT=10s)               Figure 2b: Packet delay (UL, DL IAT=20s)
If the UE is able to predict next packet arrival, using a timer smaller than the IAT the PPI can perform better than the same timer value scenario in reducing the UE power consumption. However, using a timer smaller than the eNB has some impact on the packet delay statistics.

If the UE is not able to predict the next packet arrival, the PPI may provide some gain if the UE is
So compared with scenario 1, the UE inactivity timer based PPI has some gain on the power saving due to the shorter timer (i.e. 3s).

2.2.3
Scenario 3

The following table 3 and figure 3 shows the results of power consumption and CDF of packet delay respectively for scenario 3(i.e. enlarging the timer value to 10s of UE inactivity timer based PPI and UE prediction based PPI schemes).
Table 3: Power Consumption (ms) in scenario 3
	Method
	Power Consumption  ( UL,DL IAT=10s)
	Power Consumption  ( UL,DL IAT=20s)

	eNB inactivity timer
	14996
	8485

	UE inactivity timer based PPI
	20214
	10123

	UE prediction based PPI
	18866
	7775

	UL Power Consumption
	297
	147

	Number of UL data
	99
	49

	Number of DL data
	100
	50
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Figure 3a: Packet delay (UL, DL IAT=10s)              Figure 3b: Packet delay (UL, DL IAT=20s)
Whether the UE is able to predict next packet arrival or not, when using a timer greater than the eNB timer for inactivity (if the PPI is not configured), the power consumption is higher, but some benefit in packet delay will present.
2.2.4 Scenario 4 (background IM)
The following table 4 and figure 4 shows the results of power consumption and CDF of packet delay respectively for scenario 4 (i.e. make the timer value to 5s equal to eNB and less to 3s of UE inactivity timer based PPI and UE prediction based PPI schemes).
Table 4: Power Consumption (ms) in scenario 4
	Method
	Power Consumption  ( UE Timer Value=5s)
	Power Consumption  ( UE Timer Value=3s)

	eNB inactivity timer
	24131
	24131

	UE inactivity timer based PPI
	24384
	22942

	UE prediction based PPI
	21332
	21007

	UL Power Consumption
	126
	126

	Number of UL data
	42
	42

	Number of DL data
	28
	28
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Figure 4a: Packet delay (UE Timer Value=5s)        Figure 4b: Packet delay (UE Timer Value=3s)
For this practical application trace , we can find the UE inactivity timer method does not have any benefit in the reduction of power consumption. The UE prediction based PPI method will still perform best in power saving of the 3 method, although the smaller UE timer can also provide some benefit in power saving. Rhe gain in this scenario is much less obvious than in scenario 1, 2, 3. This is probably because of the IAT value of this trace is not around the timer values, too big or too small. The packet delay CDF of the 3 methods is not so different. 
2.2.5 Scenario 5 (active IM)
The following table 5 and figure 5 shows the results of power consumption and CDF of packet delay respectively for scenario 5 (i.e. make the timer value to 5s equal to eNB and less to 3s of UE inactivity timer based PPI and UE prediction based PPI schemes).

Table 5: Power Consumption (ms) in scenario 5
	Method
	Power Consumption  ( UE Timer Value=5s)
	Power Consumption  ( UE Timer Value=3s)

	eNB inactivity timer
	50058
	50058

	UE inactivity timer based PPI
	51225
	47737

	UE prediction based PPI
	37412
	32134

	UL Power Consumption
	969
	969

	Number of UL data
	323
	323

	Number of DL data
	418
	418
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Figure 5a: Packet delay (UE Timer Value=5s)        Figure 5b: Packet delay (UE Timer Value=3s)
The UE prediction based PPI method has performed much better in power saving capability with no more obvious packet delay. Compared with scenario 4, when the UE trigger timer is less than eNB inactivity timer, the reduction of power consumption will be even larger, this occurs almost because the different identities of this trace from the former scenario.
2.3
Summary

From the simulation results above and in [1], we have the following observations:
Observation 1: The UE inactivity timer based PPI does not help much to save power, especially when the timer value is similar to the cell specific one.
Observation 2: UE prediction based PPI can perform more power saving if the timer value is smaller than eNB inactivity timer.

Based on the above observations, we can find that in some case (e.g PPI sending cannot be predicted, which based on an inactivity timer), PPI has no benefit in power saving. And the PPI sending of UE should trigger earlier than cell specific RRC Release timer to save more power, In summary, we have the following observation:
Observation 3: The PPI cannot always achieve expected performance.
Observation 4: When the PPI is configured, in order to save power, UEs indicating lowPowerConsumption when no traffic is expected in the next X seconds should use a value for X smaller than the time of inactivity after which the eNB releases the RRC connection or reconfigures the UE to a power optimised configuration.
3
Conclusion

We observed that in some examples of UE implementations, the PPI may not reduce the UE power consumption and even lead to an increase.
In order to avoid such an outcome, we propose to:

- Capture some advice for UE implementation in TS 36.300: When the PPI is configured, in order to save power, UEs indicating lowPowerConsumption when no traffic is expected in the next X seconds should use a value for X smaller than the time of inactivity after which the eNB releases the RRC connection or reconfigures the UE to a power optimised configuration.
- If not sufficient, consider improvements in Rel-11/12.
4
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Annex
Trace 1: Background MSN traffic like trace 8 in Annex A.1 of [2]
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Figure 6a: UL IAT of Trace 1                               Figure 6b: UL IAT of Trace 1
Trace 2: Active MSN traffic like trace 11 in Annex A.1 of [2]
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Figure 7a: UL IAT of Trace 2                              Figure 7b: UL IAT of Trace 2



























































































































































































































































































































































































































































































































































































































