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1. Introduction

RAN2 is discussing solutions to extend the idle DRX cycles as part of the Work Item “Rel. 13 Work Item on RAN Enhancements for Extended DRX in LTE” [1]. 

During RAN2#90, two approaches for paging co-ordination in extended idle mode DRX were proposed:
1. A RAN based approach, based on hyper-SFN broadcast (see e.g [2][3])
2. A core-network based approach, based on a NAS timer configuration (see e.g [4]) 

While there was no conclusion on which approach to adopt, the following agreements were made:

	Agreements in RAN2 #90

For idle mode:

1. FFS how the UE determines when to wake up (either using hyper SFN or timer based mechanisms).

2. Once the UE wakes up the UE determines the PF/PO based on the legacy DRX formula/cycle (i.e. no change on the paging occasion computation).  

3. To improve paging reliability, the paging message can be repeated on different the paging occasions determined using the legacy DRX formula for a certain time window.  FFS how the UE determines for how long to monitor for paging messages.  




Moreover, SA2 has informed RAN2 [5] that it considers both hyper-SFN and timer-based approaches as technically feasible and left it up to RAN2 to ultimately decide on the most suitable approach. 
In this contribution, we further analyze the above approaches in terms of their battery savings performance and other impacts.   
2. Discussion

2.1. Overview of solutions
2.1.1. RAN based solution

As described in [3], this solution is based on the definition of a hyper SFN (H-SFN) as a time reference for the UE and eNB. The H-SFN time reference is in turn used to determine the start and end of a DRX cycle, in combination with the extended DRX cycle length, denoted by the parameter TeDRX. 
An H-SFN corresponds to cycle of 1024 radio frames, from SFN0 to SFN1023. The hyper SFN number is broadcast in SIB and may consist of 6-8 bits (e.g to cover a range of up to 10 - 40min).  

With H-SFN as a time reference, it is possible to define paging cycles that are longer than 10.24s, very much like legacy paging operation and without ambiguity. The UE, in its specific H-SFN (i.e, its paging hyperframe – PH), locates the paging resource indices (PO and PF) using the legacy DRX formula. To support page retransmission within a PH, the eNB may configure multiple PFs, separated by a legacy DRX period. This is illustrated in Figure 1.
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Figure 1: RAN based solution for extended I-DRX
2.1.2. Core-network based solution

The CN-based solution is illustrated in Figure 2. In this solution, the UE is configured by the MME with an extended DRX timer TeDRX, which is started at a reference time TRef. The UE is also configured with a paging transmission window (PTW) for monitoring paging instances using the legacy DRX cycle. 
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Figure 2: CN based solution for extended I-DRX
An important aspect of this approach is that the reference TRef  is not coordinated between UE and MME. For example, the MME determines TRef based on the transmission of a NAS message to the UE, while the UE determines TRef based on the NAS message reception, which incurs delays at the core network, OTA latency and UE processing.  

2.2. Impact of timing drift
Extended DRX is being designed to optimize power consumption at the UE and hence enable operation in a deep sleep regime for an extended period of time. During deep sleep the UE cannot maintain clock timing as accurately as in normal DRX operation. Moreover, typical MTC devices will be low cost and likely have even worse clock accuracy than normal devices. As a result, significant amount of time drifting will occur for devices in extended DRX. 

Using the clock accuracy requirements for logged measurements defined in [6], it seems reasonable to assume a clock inaccuracy/drift of up to ±0.72s per hour.  For a typical eDRX cycle of 10minutes, this corresponds to a drift of 0.120s per cycle.  

For the RAN-based solution, the timing drift does not accumulate over multiple cycles since the UE anyway re-acquires the timing of the cell at each wake up from deep sleep. For the CN-based solution on the other hand, the UE’s TRef  is only updated at the next NAS procedure, causing the drift to accumulate over many eDRX cycles. 
This situation is illustrated in Figure 3, where there is an uncertainty around the CN-assumed time reference, caused by the UE’s clock drift. In the example above, for a clock drift of 120ms/cycle and assuming the UE connects to the CN twice per day, a potential timing mismatch of up to 0.72*12 = 8.64s would result. 
The timing mismatch can increase the probability of paging misses, unless the UE remains awake for a longer period of time. This can be accomplished by configuring a sufficiently long PTW. However, the drawback of this approach is reduced battery life, as shown in the next section. 
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Figure 3: Clock drift impact on UE’s time reference for the CN solution
Observation 1: There is a significant level of timing uncertainty between UE and CN for the CN-based approach, caused among other things, by clock drift. 
2.3. Impact on battery life
For the purposes of estimating the impact on battery life, we assume the simple eDRX model illustrated in Figure 4. We also assume a device that performs 2 MT data transactions per day.
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Figure 4: Clock drift impact on UE’s time reference for the CN solution

The parameters are listed in Table 1. 
Table 1: UE power consumption model parameters
	Parameter
	Value
	Comments
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	1 unit/ms
	Power consumed for RX. 
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	2 unit/ms
	Power consumed for TX
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	0.01-0.02 unit/ms
	Power consumed during legacy DRX sleep mode
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	0.0002 unit/ms
	Optimized sleep state
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	500ms
	Time to transition between deep sleep and sleep states

	TeDRX
	1min – 30min
	Extended DRX cycle

	TDRX
	2.56s
	Legacy DRX cycle

	PTW
	5.12s -  20.48s
	Paging transmission window (for CN-based approach)


We compare in Figure 5 the battery life gain relative to PSM of the RAN-based approach and the CN-based approach. In each eDRX scenario, we assume as baseline the battery life achieved by PSM when it is configured with a TAU timer equal to TeDRX (i.e the comparison is performed at the same MT data delay target).  For the CN approach, multiple values of PTW are also shown. It can be observed that both RAN-based and CN-based approaches can provide battery savings gains. 
For the CN-based approach, large PTW clearly impacts battery savings, with PTW=20.48s not providing any gains over PSM. Furthermore, based on the analysis in the previous section, a PTW of at least ~10s would be required to cope with the timing for the CN based solution and ensure a page is not missed by the UE. In this case, the achievable battery life savings gain for TeDRX = 10min is ~18%, which should be compared to a savings of 43% provided by the RAN based approach. 
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Figure 5: Battery life gain of eDRX relative to PSM
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Figure 6: eDRX battery life gain of RAN-based relative to CN-based
The direct comparison between RAN-based and CN-based approaches is illustrated in Figure 6. We observe that only for the PTW=5.12s the two approaches seem reasonably comparable in terms of power efficiency (the difference is 10% or smaller). As pointed out earlier, however, a PTW of 5.12s would not be sufficient to guarantee low probability of page misses. For all other scenarios, the RAN based approach provides battery life gains in the range of 15% to ~50%.
Observation 2: The RAN based solution provides a significant gain in battery life relative to the CN-based solution. 

2.4. Other considerations
2.4.1. System Information update indication
Paging is used in LTE to provide system information update in a power efficient manner. Whenever system information is due to change, the eNB pages all the UE prior to the modification. The UE then starts acquiring the new system information from the next BCCH modification boundary. 
For eDRX it is proposed that the same mechanism is supported, since it would be very power inefficient for the UE to check SIB1 at each wake-up. Defining extended BCCH modification periods in eDRX is a natural way to address this issue.

For the RAN based approach, extending the BCCH modification period is straightforward. Since the eNB is aware of the paging occasions allocated for eDRX UEs, it can provide the SI update indication in those occasions. On the other for the CN-based approach, it is not clear how to provide such indication, as the eNB does not know the UE’s TRef value.  One solution is for the eNB to page in all legacy DRX paging occasions, which would be very inefficient from a radio resource point of view.
Observation 3: In the RAN based solution, system information update indication can be provided efficiently and in the same manner as the legacy DRX procedure. 

2.4.2. Paging capacity

A key issue for eDRX operation is radio resource efficiency. With the potential dramatic increase in the number of MTC devices, it is important for radio resources (paging occasions) to be efficiently shared and managed across all devices within a cell. Such management should allow for significant increase in the paging capacity (in terms of devices that can be paged) for the same amount of radio resources as legacy DRX. 

In the RAN based solution, the configuration of UE-specific PH allows for a significant paging capacity increase, as it enables grouping of UEs in different PHs. An 8-bit H-SFN can nominally increase paging capacity by 256 times, assuming only eDRX UEs are paged. This can be done simply by reusing the current procedure for legacy DRX.
For the CN-based solution, paging capacity cannot be increased in the same fashion, as the eNB is not aware of when the UE wakes up. Hence a new mechanism would be needed to achieve paging capacity gains.
Observation 4: In the RAN based solution, paging capacity can be considerably increased if the eNB performs paging resource management based on the legacy DRX procedure.  
3. Conclusion

In this contribution, we analyzed the two solutions being proposed for extended idle mode DRX. We observed the following:
Observation 1: There is a significant level of timing uncertainty between UE and CN for the CN-based approach, caused among other things, by clock drift. 

Observation 2: The RAN based solution provides a significant gain in battery life relative to the CN-based solution. 

Observation 3: In the RAN based solution, system information update indication can be provided in the same manner as the legacy DRX procedure.

Observation 4: In the RAN based solution, paging capacity can be considerably increased if the eNB performs paging resource management based on the legacy DRX procedure. 

In view of the above observations, we propose that:

Proposal: Adopt a RAN based solution based on hyper SFN for extended idle mode DRX.
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