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1 Introduction
Extended paging and dormant state are the main options for UEPCOP. Based on the email discussion after R2# 83 [1], this paper further provided our analysis on the power consumption versus extended paging cycle. Furthermore, the comparison of two options: extended paging cycle and dormant state.
2 Discussion
2.1 Power consumption for extended paging cycle
As shown in Fig.1, when a UE is in IDLE mode it periodically wakes up to receive paging message. When the paging cycle is small (<10.24s), the on duration for paging is Ton which includes preparation time, active time and shutdown time, and the average power consumption in a paging cycle is TPC, which is expressed as Eq. (1) in section 5.
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Fig. 1 DRX procedure in IDLE mode
However, when the extended paging cycle is considered (>10.24s), the UE might fail to receive the system information update transmitted in the paging message. Furthermore, if the UE is not static, it becomes more and more likely to move out of the original cell, so cell (re)selection is likely.
For SI reading, if UE is static and always camp on the best cell, it only needs to read the SIB1 to check the value tag. Since the SI only change infrequently, normally a UE just to wake up at the closest SIB1 before paging. However, if the UE moves out of the original cell, it then has to re-acquire all the concerned SIBs. It has to read at least the MIB, SIB1, SIB2 before paging. Therefore, whether the UE needs to re-acquire the SIBs depends on its mobility, and the chance becomes higher when paging cycle becomes longer. For worst case study, we assume UE has to read all SIBs when paging cycle is > 10.24s.
When UE moves out of the neighbor of previous, UE needs to do cell detection. Again, such chance becomes higher when paging cycle becomes longer. Like SI reading case, for worst case study, we assume UE has to cell detection when paging cycle is > 10.24s.
The average power consumption when considering time for both SI-reading and cell detection in a paging cycle is expressed as Eq. (2) in section 5.
[image: image2.png]Average Power Consumption (mW)

——Baseline (static)
—4—Sl-reading

——Sl-reading &cell
detection

50

0.1

100

1000

10000 Paging Cycle (sec)




Fig. 2 UE power consumption v.s. length of paging cycle
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Fig. 3 Power consumption increase over baseline
Table 1: parameter assumption
	Parameter
	Value

	Prx
	500mW

	Psleep
	11mW

	Ton=Tprepare+Tactive+Tshutdown
	40 ms

	TSI-reading
	200 ms

	Tcell-detection
	600ms


Observation 1:
When the paging cycle is longer than 10.24s, cell detection and SI reading before each paging has big impact when paging cycle is shorter than 163s (11% to 222% increase). The smaller the paging cycle, the bigger the impact.
Observation 2:
When the paging cycle is longer than 10.24s, cell detection and SI reading before each paging has limited impact when paging cycle is longer than 163s (less than 10%).
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Fig. 4 Marginal power consumption saving
Observation 3:
For static UE (not considering SI reading and cell detection), the marginal gain of further extending paging cycle falls below 10% at 10.24s.

Observation 4:
For mobile UE (considering SI reading and cell detection), the marginal gain of further extending paging cycle falls below 10% at 163s. The actual gain depends on mobility.

Proposal 1:
On the ambition level of extending paging cycle

1) For static UE, it is proposed to set the ambition level to extend paging cycle to around 10s of second.
2) For mobile UE, it is proposed to set the ambition level to extend paging cycle to around 100 of second.
3) It is proposed to decide a mobility pattern for evaluation.
Proposal 2:
For paging cycle between 10.24s and 163s, it is proposed to consider mechanisms to avoid cell detection or SI reading at each paging. 

2.2 Extended paging cycle vs. dormant state
In this section, we compared the power saving performance of the two mechanisms.
· Dormant state (DS) mechansm (Fig. 5(b)), 
· The UE transits from normal paging mode to dormant state if no paging message is received for a pre-defined number of paging cycles. The UE only exits dormant state for TAU or uplink data. After TAU is done, UE would again enter dormant state after a number of empty paging cycles. In this analysis, we assume there is no uplink data and the TAU cycle is a sort of long paging cycle and the normal paging cycle is a sort of short paging cycle.
The power consumption of DS is expressed as Eq. (3).
· Extended Paging cycle (EP) mechansm (Fig. 5(a)), 
· For meaningful comparison, we compared power consumption of EP and DS at the same wake up frequency, i.e. the paging cycle of EP equals to the TAU cycle of DS. And further assume that the UE has to perform TAU before receiving the paging message to update MME with the latest TA information. 
The Power consumption of EP is based on Eq. (1) plus the power used by TAU (TTAU). 

Actually, if TAU has to be done, the UE also has to do cell detection and re-acquire SI. However, since such power consumption is the same for both mechanisms. We excluded them due to simplicity.
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Fig. 5 Illustration of (a) extended paging cycle and (b) dormant state
Table 2: parameter assumption

	Parameter
	Value

	TPagingCycle_DS
	2.56 s

	TTAU
	40 ms

	Active Timer
	3 paging cycles
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Fig. 6 Power consumption for EP and DS
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Fig. 7 Difference between EP and DS

Observation 5:
The power consumption performance of Extended Paging cycle and Dormant State mechanism is similar. However, the EP always outperforms DS if we use same value for paging cycle and TAU cycle. The maximum difference between the two cases is 9% when the Paging/TAU cycle is 10.24 s.
Proposal 3:
It is proposed to only consider Extended Paging Cycle mechanism for UEPCOP.

3 Conclusion
On the extended paging cyle, we have following obeservation and proposals:
Observation 1:
When the paging cycle is longer than 10.24s, cell detection and SI reading before each paging has big impact when paging cycle is shorter than 163s (11% to 222% increase). The smaller the paging cycle, the bigger the impact.

Observation 2:
When the paging cycle is longer than 10.24s, cell detection and SI reading before each paging has limited impact when paging cycle is longer than 163s (less than 10%).

Observation 3:
For static UE (not considering SI reading and cell detection), the marginal gain of further extending paging cycle falls below 10% at 10.24s.

Observation 4:
For mobile UE (considering SI reading and cell detection), the marginal gain of further extending paging cycle falls below 10% at 163s. The actual gain depends on mobility.

Thefore, we proposed the following:
Proposal 1:
On the ambition level of extending paging cycle

4) For static UE, it is proposed to set the ambition level to extend paging cycle to around 10s of second.

5) For mobile UE, it is proposed to set the ambition level to extend paging cycle to around 100 of second.

6) It is proposed to decide a mobility pattern for evaluation.

Proposal 2:
For paging cycle between 10.24s and 163s, it is proposed to consider mechanisms to avoid cell detection or SI reading at each paging. 

On the comparison between extended paging cycle (EP) and dormant state (DS) mechanism, we have following observation and proposal:
Observation 5:
The power consumption performance of Extended Paging cycle and Dormant State mechanism is similar. However, the EP always outperforms DS if we use same value for paging cycle and TAU cycle. The maximum difference between the two cases is 9% when the Paging/TAU cycle is 10.24 s.
Proposal 3:
It is proposed to only consider Extended Paging Cycle mechanism for UEPCOP.
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where 
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 is the power consumption for receiving data and 
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where 
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is the number of paging cycles in the duration of active timer.
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