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1. Introduction

In recent SA2/RAN2 meetings, extending I-DRX and C-DRX have been proven to be useful. However, RAN2/SA2 has not reached consensus on whether the DRX cycle should be extended to be very long, i.e. beyond the SFN cycle (10.24 seconds for LTE, 40.96 seconds for UMTS). This paper analyses the value and solution of very long DRX.

When DRX is shorter than SFN cycle and BCCH modification period, the UE is camped normally on the cell before checking page in its paging occasion. So, the UE can wake-up right before the paging occasion and check for paging, with very short warm-up phase, as showed in Figure 1.
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Figure 1 UE behaviour in regular DRX without going to deep sleep
However, for very long DRX (longer than BCCH modification period, or SFN cycle), to save more power, UE can enter deep sleep state in the DRX off period. Deep sleep is a further optimization of sleep. In deep sleep, some of the constraints on power optimizations imposed by a sleep with relatively short DRX cycle, like keeping tight synchronization, extensive context in memory, etc. can be relaxed and that allows room for further power reduction in the UE. Depending on UE implementation, the power consumption of deep sleep can be reduced to around 1~10% of normal sleep. In the deep sleep, UE is no longer synchronized with the serving cell; UE doesn’t monitor system information; UE doesn’t perform cell reselection measurement. During the deep sleep, the UE may have moved to a new cell; the system information may have been changed. Before UE checks paging, UE is not camped normally. So, UE has to wake up early each DRX cycle for warm-up. During the warm up, UE performs follow activity to camp on the cell:

· Re-acquisition:  stored information cell selection like procedure is performed. The selected cell may and may not be the original serving cell.
· System information reading: The UE reads MIB and SIB1 to identify SIB changes. If SIB2 is changed, UE reads SIB2 per the scheduling info in SIB1. Reading the other SIBs is not needed except UE is about to start any service. 
Figure 2 shows the UE behaviour in very long DRX (longer than BCCH modification period) with deep sleep. 
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Figure 2: UE behaviour in very long DRX with deep sleep
The UE power consumption can be modelled by a simplified model as show in Table 2, with [2] as reference.
Table 2: UE power consumption model parameters
	Parameter
	Value
	Comments
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	1 unit/ms
	Power consumed for RX. For simplicity, it applies during both 
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	1-4 unit/ms
	Power consumed for TX, which is transmit power relevant.

The value is 1 unit/ms when transmit power is 0dBm and below, and is 4 unit/ms when transmit power is 23dBm. Linearly scaled with transmit power in between 1mW and 10^2.3mW.
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	0.01 unit/ms
	Power consumed during sleep mode, including power consumed for low accuracy clock and memory maintaining, leakage current (e.g. caused by power management unit), etc.
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	0.0001 unit/ms
	Optimized sleep state
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	20 to 200ms
	20ms if UE doesn’t move to a new cell; 200ms if UE moves to a new cell
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	1 or 2 ms

	Time that UE is on duty. For idle mode, the value is 1ms (one paging occasion). For connected mode, it is assumed that the value is configured as 2ms (onDurationTimer).
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	0 ms
	Time for UE shutdown. Here, it is omitted because generally the value is less than 0.5ms.
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	200 ms
	Time required for system information acquisition. For simplicity, only the most essential SIBs are considered, i.e. MIB, SIB1 and SIB2. Assuming the scheduling periodicity of SIB2 is 80ms.

[image: image13.wmf]rx

P

 applies during this time period.

	
[image: image14.wmf]active

reading

SI

T

-

-


	12 ms
	The real receiving time during 
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	T​SR
	100ms
	Service request procedure delay including RACH.

	TRRC_rel
	50ms
	RRC connection release procedure delay


If DRX is short, the additional power saving of deep sleep cannot justify the power cost of warm-up. 

Figure 3 and Figure 4 show the battery life under different DRX cycle length for transmitting one packet every 3 hours.
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Figure 3: Battery life vs. C-DRX cycle length

[image: image17.png]Battery life I-DRX (Reference: 2.56s)

5000

o0
w000 L

2000

4000 /

200 /

2000

1000

o000

2565 | 10245 | imin | 2min | Smin | 1smin

[—+— Battery life FDRX

(reference 2568y | 100 | 768 | 3037 | 4366 | 593 | 7031





Figure 4: Battery life vs. I-DRX cycle length

Observation 1: Very long DRX with deep sleep can achieve super power saving
Issues and solutions of very long DRX
Issue 1: measurement and mobility

In idle mode, cell reselection measurement is slowed down by very long I-DRX. This may lead to UE moves to a different cell during deep sleep prior to cell reselection.  

Solution: UE doesn’t perform cell reselection measurement when it is assigned with very long I-DRX. Instead, UE performs stored information cell selection procedure every time it wakes up.

For connected mode UE, very long C-DRX has big impact to RLM/RRM measurements. Similarly, UE may move to a new cell without control of eNB. When wakes up from deep sleep, the UE follows RLF procedure to recover service. To reduce the signalling of connected mobility during very long DRX, URA-PCH like solution needs to be defined for LTE.
However, most of the MTC devices are likely to be fixed. For these devices, frequent measuring is not necessary. To simplify the work in R12, very long C-DRX can be restricted to for fixed UE only.
Issue 2: PO/PF calculation

When DRX is longer than SFN cycle, the PF (paging frame) calculation method has to be updated to include SFN cycle info. The cycle info can be provided to UE by multiple ways:

· New SFN cycle info in SIB/MIB

· UTC time info in SIB16

· UE local time/clock
Issue 3: Re-paging

When first paging fails, the re-paging shall be performed as soon as possible. This could be achieved by paging cycle alternating.
Issue 4: NAS timers
For mobile terminated signalling procedure, the potential paging time is included in associated NAS timers. Very long DRX will increase the delay of downlink data/signalling. So, the related NAS timer should be updated. The eNB shall be able to notify core network the time of next paging. Refer to [3] for more details.  CT1 will provide detailed solutions once RAN2/SA2 makes decision.
Issue 5: DRX length negotiation

Extended DRX is optional feature for UE, RAN and CN. A negotiation procedure is needed to ensure UE, RAN and CN have common understanding in the length of DRX
Observation 2: All the impacts/issues of very long DRX have simple solutions.
Conclusion
Observation 1: Very long DRX with deep sleeping could achieve super power saving, which enables more MTC applications.
Observation 2: All the impacts/issues of very long DRX have simple solutions.
Proposal 1: Extend C-DRX beyond SFN cycle for fixed UE.

Proposal 2: Extend I-DRX beyond SFN cycle for mobility UE
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