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1. Introduction
One potential solution to decrease power consumption for UE with infrequent and delay-tolerant traffic is extending the paging cycle of UE. In the previous two RAN2 meetings, the discussion mainly focus on the qualitative analysis, e.g. applicability, specification impact, UE/NW implementation etc. However, quantitative analysis also should be provided in order to justify the introduced complexity. Hence, the quantitative analysis of this solution is given in this paper.
2. Discussions
The power consumption performance for UE in idle state will be directly impacted by many factors, just as described in [1], mainly include paging reception, SI acquisition, cell detection/measurement. In addition, some other factors will also impact the UE power consumption, e.g. UE speed, packet inter-arrival time (IAT). Hence, the impact of these factors on UE power consumption is evaluated individually in the following sections.
2.1 Simulation assumptions and ideal power consumption optimization
Power consumption model plays very important role in the evaluation of power consumption, the one given in [2] is adopted in this paper. The detailed parameters and corresponding values of power consumption model are given in Annex, which also give some other parameters, e.g. UE speed, IAT and measurement related parameters. In addition, since we focus on the power consumption performance for UE in idle state, a simple assumption is made on power consumption in connected state. That is, UE switch to connected state to receive/transmit data only when DL/UL packet is arriving and then back to idle state immediately after the packet is received/ transmitted successfully.
To provide a benchmark, the power consumption of one ideal case is studied, which is shown in Fig. 1. In this case, UE doesn't need to perform cell detection/measurement and SI acquisition. Besides, we assume that the traffic of UE is infrequent, e.g. IAT is equal to 100s. From the figure, we find that the relative power consumption, i.e. taking the power consumption for paging cycle of 2.56s as reference, decreases as the paging cycle becomes larger and then gets saturate when the paging cycle larger than 40.96s. Almost 56% power is saved compared with paging cycle of 2.56s, which is similar to the results in [3].
Observation 1: Extending paging cycle can reduce the power consumption of UE up to 56% in ideal case, i.e. no power is consumed for cell detection/measurement and SI acquisition.
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Fig. 1 Ideal power consumption optimization
2.2 The impact of IAT

In this paper, the traffic model proposed in section 6.1 of [4] is adopted. For simplicity, we assume that one packet can be transmitted successfully in one or two sub-frames, i.e. the impact of packet size on power consumption is not considered here. Then according to the traffic model, the only factor may impact the UE power consumption is IAT. The relationship between IAT and power consumption is given in Fig.2. Here IAT from several seconds to several minutes are considered. From this figure, we can see that the relative power consumption reduces as the IAT increases and then gets saturate. Compared with the IAT=5s, about 12% more power saving gain is achieved for the IAT=100. The reason is that the larger the IAT is, the less time is used for data reception/transmission and consequently, the less the corresponding power consumption is.
Observation 2: The relative power consumption reduces as the IAT increases and then gets saturate. Furthermore, about 12% more power saving can be achieved as the IAT increases from 5s to 100s.
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Fig. 2 Power consumption VS IAT
2.3 The impact of UE speed

Intuitively, UE power consumption has nothing to do with UE speed. But the power consumption will be indirectly affected by UE speed, i.e. if the UE speed is higher, more cell identification/measurement or SI acquisition upon reselecting a cell would be performed, which will increase UE power consumption. Therefore, from the view point of power consumption, the solution 'extended DRX in idle state' may not benefit all UEs with different speed. The relationship between relative power consumption and UE speed is shown in Fig. 3. Here we assume that stationary UE doesn't need to perform the cell identification/ measurement. From this figure, we can see that the lower the UE speed is, the more gain will be obtained by extending paging cycle. But the gain for UE with medium/high mobility is tiny since most of power is consumed to perform cell detection/measurement and SI acquisition upon reselecting a cell. Especially for high mobility UE, less than 10% gain is achieved. Note that in this section, the impact of SI acquisition due to the SI change on the power consumption is not taken into account.
Observation 3: The relative power consumption increases as the UE speed get higher. Furthermore, the gain for UE with medium/high mobility is tiny, especially for high mobility UE, less than 10% gain is achieved.
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Fig. 3 Power consumption VS UE speed
2.4 The impact of cell identification/measurement
In current version of TS 36.304 [1], to support UE mobility in idle state, periodical cell reselection measurement is performed. Considering the power consumption will increases as the measurement number increases, many companies proposed to use cell selection instead of cell reselection to support the mobility of idle UE [5] [6]. Hence, there are two potential solutions to support mobility of idle UE with extended paging cycle.
Alternative 1: Reuse the current periodical cell reselection measurement but with modified measurement requirements.

Alternative 2: Perform cell selection before any UL procedure/paging reception when UE in idle state.
The simulation results given in section 2.1, 2.2 and 2.3 are based on the assumption that solution Alternative 1 is adopted to support mobility of idle UE. Since these two alternatives have different impacts on UE power consumption, the related simulations for Alternative 2 are also performed, which are shown in the following two figures.

The relationship between power consumption and UE speed under IAT = 40s is given in Fig. 4. For stationary UE, the result is same as the one captured in Fig. 3, since we assume that no cell detection/measurement and SI acquisition need to be performed for stationary UE in both cases. And compared with Fig. 3, we observe that the power consumption is not impacted by UE speed for the case of Alternative 2. The reason includes two aspects: 

1. The consumed power related to UE speed, i.e. SI acquisition due to cell changed, are similar for UE with different speed due to cell selection is used.
2. Most of power is consumed by cell detection/measurement and SI acquisition for each paging reception and each UL packet transmission, which is similar for UEs with different speed.
Observation 4: The relative power consumption is not impacted by UE speed except for stationary UE under the assumption that Alternative 2 is adopted to support mobility of UE in idle state.
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Fig. 4 Power consumption VS UE speed (Alternative 2, IAT = 40s)
In order to give an in-depth understanding of these two solutions, the absolute power consumption evaluation of these two solutions is given in Fig. 5. In the figure, we can see that Alternative 1 is more suitable for UE with low mobility and short paging cycle (smaller than 40.96) and Alternative 2 is more suitable for UE with medium/ high mobility and long paging cycle (larger than 40.96).
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Fig. 5 Alternative 1 VS Alternative 2 for different UE speed (IAT = 40s)
Observation 5: From the view point of absolute power consumption, both Alternative 1 and Alternative 2 have its own application scenarios, i.e. Alternative 1 is more suitable for UE with low mobility and short paging cycle and Alternative 2 is more suitable for UE with medium/high mobility and long paging cycle.
Proposal 1: RAN2 is respectfully asked to discuss the above two solutions to support mobility of idle UE if the solution 'extended DRX in idle state' is adopted.
2.5 The impact of SI acquisition
In above, we didn’t consider the SI change within the same cell. In this section, the impact of SI acquisition caused by SI change notification on the power consumption is considered in this section. As described in [7], if the UE uses extended paging cycle larger than the modification period, it may miss the paging for the SI change notification. In order to ensure UE with extended paging cycle can obtain the up-to-date SI, a simple method is UE acquire the required up-to-date SI for idle state before any UL procedure and each paging occasion. Based on this assumption, the impact of SI acquisition on UE power consumption is captured in Fig.6. For stationary UE, the relative power consumption increases when considering SI change since both the saved power due to extending paging cycle and the total consumed power are increases with the same amount. For low mobility UE, we can see that the power saving gain reduces from 25% to 15% for Alternative 1, while for Alternative 2, it's almost unchanged. This is because for Alternative 1, we assume that UE also need to update SI before each cell reselection measurement since the cell reselection related parameters included in SI may change between two consecutive measurements. But for Alternative 2, cell selection is used to replacing cell reselection to support UE mobility in idle state, which results most of the SI acquisition are happened when UE selecting a new serving cell. Hence, the power consumption for the up-to-date SI acquisition within the same cell will not impact the performance of Alternative 2. 
Observation 6: By taking into account the impact of SI change on power consumption, the power saving gains reduce from 25% to 15% for Alternative 1, but it almost unchanged for Alternative 2.
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Fig. 6 Power consumption consider SI change (IAT = 40s)
2.6 Summary
Based on the discussion of section 2.1 to section 2.5, it's obvious that extend the paging cycle can reduce the power consumption of UE significantly. If we extend the paging cycle up to 10.24s, 45% power saving gain is achieved. If we further extend the paging cycle larger than 10.24s, additional 12% power saving gain will be obtained. Moreover, there are many factors will impact the power consumption performance, e.g. UE speed, mechanism of cell (re-)selection and SI acquisition. And the enhancement related to these aspects should be studied to further reduce the power consumption of UE.
Proposal 2: The solution 'Extended DRX cycle in idle state' is an efficient method to realize UE power consumption optimization. Furthermore, compared with the paging cycle up to 10.24s, additional power saving gain can be achieved by extend the paging cycle larger than 10.24s. 
Proposal 3: RAN2 is kindly requested to study the enhancement related to UE mobility in idle state, mechanism of cell (re-)selection and SI acquisition to further reduce the power consumption of UE.
3. Conclusions

In this paper, the power consumption evaluation of the solution 'Extended DRX in idle state' is provided.
Observation 1: Extending paging cycle can reduce the power consumption of UE up to 56% in ideal case, i.e. no power is consumed for cell detection/measurement and SI acquisition.
Observation 2: The relative power consumption reduces as the IAT increases and then gets saturate. Furthermore, about 12% more power saving can be achieved as the IAT increases.
Observation 3: The relative power consumption increases as the UE speed get higher. Furthermore, the gain for UE with medium/high mobility is tiny, especially for high mobility UE, less than 10% gain is achieved.
The above three observations is obtained under the assumption that Alternative 1 of section 2.4 is adopted to support mobility of UE with extended paging cycle.

Observation 4: The relative power consumption is not impacted by UE speed except for stationary UE under the assumption that Alternative 2 is adopted to support mobility of UE in idle state.
Observation 5: From the view of absolute power consumption, both Alternative 1 and Alternative 2 have its own application scenarios, i.e. Alternative 1 is more suitable for UE with low mobility and short paging cycle and Alternative 2 is more suitable for UE with medium/high mobility and long paging cycle.
Proposal 1: RAN2 is respectfully asked to discuss the above two solutions to support mobility of idle UE if the solution 'extended DRX in idle state' is adopted.
Observation 6: When we consider the impact of SI change on power consumption, the power saving gains reduce from 25% to 15% for Alternative 1, but it almost unchanged for Alternative 2.
Proposal 2: The solution 'Extended DRX cycle in idle state' is an efficient method to realize UE power consumption optimization. Furthermore, compared with the paging cycle up to 10.24s, additional power saving gain can be achieved by extend the paging cycle larger than 10.24s. 

Proposal 3: RAN2 is kindly requested to study the enhancement related to UE mobility in idle state, mechanism of cell (re-)selection and SI acquisition to further reduce the power consumption of UE. 
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Annex
Table 1 Simulation settings

	Parameters
	Value

	Power parameters
	Prx
	1 unit/ms

	
	Ptx
	1-4 unit/ms

	
	Psleep
	0.01 unit/ms

	Time parameters
	Tprepare
	34 ms

	
	Ton-duty
	Idle
	1 ms

	
	
	Connected
	2 ms

	
	Tshutdown
	0 ms

	
	TSI-reading
	200 ms

	
	Tcell-detection
	600 ms

	UE speed
	Stationary
	0 km/h

	
	Low mobility
	3 km/h

	
	Medium mobility
	30 km/h

	
	High mobility
	120 km/h

	Periodical cell reselection measurement
	Tmeasure,EUTRAN_Intra
	2.56 s

	
	TreselectionEUTRA
	4 s

	
	sf-Medium
	-2 dB

	
	sf-High
	-6 dB

	
	SIntraSearchP
	40 dB

	
	Qrxlevmin
	-100 dBm

	Periodical IAT
	5 s, 10 s, 20 s, 40 s, 100 s
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