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1. Introduction

From the RAN2#81bis meeting, RAN2 has been discussing UEPCOP solutions. This paper will observe the UE power consumption gain for the extended DRX with the simple analytical results. From the observations, the preferred option will be provided. 
2. Discussion
2.1 Solutions identified by SA2 for UEPCOP
In [1] and [2], SA2 introduces four approaches for the power saving of MTC device as follows:
· A1: Extended DRX in idle mode

· A2: Extending DRX using UE Assistance Information

· A3: Transmission delay until better coverage conditions

· A4: Long DRX cycles in connected mode

A1, A2 and A4 are focusing on adjusting the DRX cycle suitable for the power saving. A3 is an opputunistic approach. Since most of solutions are based on the extended DRX cycle, this paper will derive an analytical results to see the saved UE power consumption. From the observations, the preferred option will be provided.
2.2 Simple analysis for the extended DRX
In Section 2.2.1, the assumption for this analysis is introduced. And in Section 2.2.2, some analytical results according to longer DRX cycles are provided. 
2.2.1 Assumption for the analysis
In the DRX process, the actual active time consists of warming-up time, Active time an shut-down time as shown in Fig. 1. During the warming-up time, UE components such as CPU, modem, RF and so on will be turned on systematically in order to monitor PDCCH. For from no sync status to Scell ready, the activation delay could be used as one reference for such warming-up time. In RAN4, such activation delay of 34ms is needed as minimum requirement for UE from no-sync. The Active time is configurable for connected mode, and for idle mode, UE takes 2 ms to receive a paging. Since shut-up time is almost zero, it can be ignored in the analysis. In UE implemetation, UE generally consumes a few hundreds mA during Active time, but a few mA in SLEEP time for which it is difficult to make it to zero Ampere because the leakage current always exists in the real enviromnent. We assume that UE power consumption in SLEEP time is 1 % compared to Active time. For simplicity, the power consumption in the warming-up time is assumed to same as in Active time. Table 1 summarizes the assumptions for the analysis.
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Fig. 1 UE power consumption for actual active time
Table 1
Basic assumptions
	Actual active time

	
	CONN DRX
	IDLE DRX (Paging cycle)

	Warming-up time
	34 ms
	Same as in CONN DRX

	onDuration time 

(Active time)
	Configured
	2 ms 

(for Paging monitoring)

	Shut-down time
	≈ 0 ms
	Same as in CONN DRX

	UE power consumption (compared to Active time)

	SLEEP
	Warming-up time

	0.01
	1


In addition, we will provide further analytical results with an enhancement of SI update and cell selection. 
If longer DRX cycle over modification period is applied, the MTC device can miss the notification of SI change as shown in Fig. 2. It means that the MTC device will not try to receive the updated SI, which can interrupt MTC device to receive the PDCCH or Paging at the coming Active time of DRX process. Or due to missing SIB14 including EAB information, MTC device can try to access even though its access has been barred. A simple solution is to read SI before Active time. There might be more efficient schemes to solve this problem, which is still FFS. 
In the current specification, IDLE measurements are performed every DRX cycle. If the DRX cycle is extended with quite long period, the MTC device could miss the cell reselection at the proper timing due to the late measurements. It means that the serving cell could be changed at the time when the MTC device tries to receive paging. Accordingly, in order to receive paging, the MTC device firstly needs to perform a cell selection procedure. The detailed enhancement on it is FFS. 
In the analysis, the simple solution, i.e. performing a cell searching and SI reading before Active time will be applied as shown in Fig 2. The MTC device needs to search a suitable cell, 100 ms is assumed. And the MTC device stores the latest SIBs for at least MIB, SIB1, SIB2 and SIB14. For up to MIB and SIB1 reading, 60 ms is assumed based on the implementation, and the reading time up to SIB14, depends on SI periodicity for the SIBs. For simplicity, the reading time up to SIB1 will be considered. Table 2 summarizes the assumptions for SI reading time and the related power consumption. An argument is when the UE behaviour for SI reading is triggered. In this analysis, the triggering point is when to use the extended DRX cycle of 10.24 sec or more than.
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Fig. 2 SI reading time
Table 2
Assumptions for the enhancements
	Cell searching & SI reading time

	Cell searching time
	100 ms

	SI reading
	60  ms

	UE power consumption (compared to Active time)

	1

	Triggering point for SI reading time before Active time

	10.24 sec or more than


2.2.2 Analytical results

With the assumptions described in the previous section, the relative power consumption is provided as shown in Fig. 3. The reference for UE power consumption is DRX cycle of 2.56 s (i.e. max DRX cycle in the current spec.). The result for the power consumption is collected during 24 hours.
· Case 1: Relative UE power consumption without the enhancements
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Fig. 3 Relative UE power consumption without the enhancements (Reference is DRX cycle of 2.56 sec)

Without any enhancement such as SI reading before Active time, it is observed that 

Observation 1: DRX cycle can be increased up to 10.24 sec without SFN extension. In that case, UE power consumption is reduced to 56 % compared to DRX cycle of 2.56 s, which is max value in the current specification.

Observation 2: As DRX cycle more than 10.24 sec increases, the saved UE power consumption is satuated to almost 41 % compared to DRX cycle of 2.56 sec. It means that there is the additional gain of 15 % if DRX cycle is extended to higher than 10.24 sec.
As explained in more detail, the power consumption gain is not increased beyond the DRX cycle of 327.68 sec corresponding to the case to add extra 5 SFN bits, because the power consumption in SLEEP time exists. It seems difficult to remove the power consumption  because it comes from the leakage current. 
· Case 2: Relative UE power consumption without the enhancements
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Fig. 4 Relative UE power consumption with the enhancements (Reference is DRX cycle of 2.56 sec)

Table 3 summarizes the relative power consumption with/without enhancements.

Table 3 the relative power consumption with/without enhancements

	DRX cycle [ms]
	Without enh.
	With enh.
	Note

	2560
	1
	1
	Reference

	10240
	0.563521
	1.21008
	Without SFN extension

	20480
	0.490774
	0.814015
	Need 1 SFN bit, in addition

	40960
	0.454401
	0.615983
	2 bits

	81920
	0.436214
	0.516967
	3 bits

	163840
	0.427121
	0.467459
	4 bits

	327680
	0.422574
	0.442705
	5 bits

	655360
	0.420301
	0.430328
	6 bits

	1310720
	0.419164
	0.424139
	7 bits

	2621440
	0.418596
	0.421045
	8 bits

	5242880
	0.418312
	0.419498
	9 bits

	10485760
	0.41817
	0.418724
	10 bits

	20971520
	0.418098
	0.418338
	11 bits

	41943040
	0.418063
	0.418144
	12 bits


If the cell searching and SI reading is triggered before Active time, it is observed that
Observation 3: If the enhancement, i.e. SI reading before Active time, is applied, the power consumption increases even though the DRX cycle is extended up to 10.24 sec.

This is because the the MTC device performs cell searching and SI reading procedure before Active time.
On the other hand, if the further DRX cycle increases beyond 10.24 sec, the power consumption gain is generated. For high than about 20 min, the gain is so close to the case without the enhancements. 
Observation 4: For very long DRX cycle more than 20 min, the impact of the enhancements can be ignored, and then the extended DRX cycle provides a significant gain.

From the results, we can selectively apply the enhancements based on the extended DRX cycle. 
For example, since the DRX cycle of 10.24 sec is not too long, the current mechanism can be re-used up to 10.24 sec. Instead, eNB should notify the updated SI up to 10.24 sec. And the late cell reselection shall be allowable due to the late measurements. Note that there is a requirement for cell reselection in the current specification. For the extended DRX cycle higher than 10.24 sec, the MTC device performs the cell searching and SI reading before Active time.
Since there might be more efficient solutions to solve this problem, the detailed solution needs to be discussed further. 

From the observations,
Proposal 1: If RAN2 prefer to the extended DRX approach, RAN2 starts discussing how long DRX cycle is extended for the power saving of MTC device, based on analytical results introduced in this paper. 
Proposal 2: If RAN2 prefer to the extended DRX cycle higher than 10.24 sec, RAN2 starts discussing the enhancements to support the extended DRX cycle.
3. Conclusion
In this paper, some analytical results were provided with the assumptions. From the results, we can see that
Observation 1: DRX cycle can be increased up to 10.24 sec without SFN extension. In that case, UE power consumption is reduced to 56 % compared to DRX cycle of 2.56 s, which is max value in the current specification.

Observation 2: As DRX cycle more than 10.24 sec increases, the saved UE power consumption is satuated to almost 41 % compared to DRX cycle of 2.56 sec. It means that there is the additional gain of 15 % if DRX cycle is extended to higher than 10.24 sec.
Observation 3: If the enhancement, i.e. SI reading before Active time, is applied, the power consumption increases even though the DRX cycle is extended up to 10.24 sec.

Observation 4: For very long DRX cycle more than 20 min, the impact of the enhancements can be ignored, and then the extended DRX cycle provides a significant gain.
From the observations, it is proposed that 
Proposal 1: If RAN2 prefer to the extended DRX approach, RAN2 starts discussing how long DRX cycle is extended for the power saving of MTC device, based on analytical results introduced in this paper. 
Proposal 2: If RAN2 prefer to the extended DRX cycle higher than 10.24 sec, RAN2 starts discussing the enhancements to support the extended DRX cycle.
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