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1. Introduction
In RAN2#90, the discussion on RAN enhancements for extended DRX in LTE was kicked off and the outline of idle mode extended DRX (eDRX) was agreed as follows [1]; 
	Agreements:

· For idle mode, RAN2 agrees that the DRX should be extended past the current SFN limit of 10.24s.   From RAN2 point of view we see power consumption benefits of increasing the DRX cycle in order of minutes.   How many minutes it is FFS.  

[…] 

For idle mode:

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

· 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).  

· 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.  



In this contribution, the idle mode behaviour of UE configured with extended DRX cycle is discussed. 
2. Discussion 

2.1. Configuration of eDRX 
According to the technical report in SA2 [2], it was concluded that the NAS MM messages are used for the idle mode eDRX value assignment, i.e., 5.1.1 Solution #1: Extended DRX value assignment using NAS MM messages in [2]. From the UE behaviour point of view, the UE should apply the idle mode eDRX operation into the paging reception procedure when the AS is assigned with the idle mode eDRX value by the NAS. 
Proposal 1 The idle mode UE should apply the extended DRX into the paging reception procedure when the AS is assigned with the extended DRX value by the NAS. 
In the actual operation with eDRX, the UE needs to determine the PF/PO based on the legacy DRX formula/cycle when it wakes up [1]. So, the UE should know the legacy DRX parameters in addition to the extended DRX value. In the current specification, the legacy DRX parameters, especially for DRX cycle, could be configured by either the NAS or the eNB, and T is determined by the shortest of the DRX cycles [3]. While it’s natural to assume the CN-specific DRX cycle [4] is simply extended to provide the extended DRX cycle exclusively, it’s actually up to the other working group how it should be defined and therefore it’s unclear if the current IDLE mode specification [3] will still work well if the changes are applied in the specifications of other working groups.  On the other hand, assuming the legacy PF/PO is used for repetition of the paging message to improve paging reliability as agreed [1], the legacy DRX parameters which are used to determine the legacy PF/PO could be considered as RAN-specific configurations. So, for the determination of the legacy PF/PO, the UE should only use the DRX parameters provided in SIB, i.e., pcch-Config [5]. In other words, the specifications should be defined to ensure that the (extended) DRX parameters provided by the MME should be ignored for the legacy PF/PO calculation and should only be taken into account in the extended DRX-specific procedure.  This assumption is consistent with the current specification if the MME only provides the extended DRX cycle as the CN-specific DRX cycle. 
Proposal 2 When the extended DRX is applied, the legacy PF/PO should be calculated with the PCCH Configuration provided in SIB, regardless of whether any configurations are provided by the MME. 
With regards to the defaultPagingCycle in pcch-Config, the range of value is from rf32 to rf256 [5]. Although it might be already implied in the agreement [1], it should be clarified that the range of value for the defaultPagingCycle does not need to be extended for eDRX since the purpose of the IE is just for the calculation of legacy PF/PO as suggested in Proposal 2. 
Proposal 3 It should be clarified that the range of the existing defaultPagingCycle does not need to be extended. 
2.2. Paging reception procedure 
2.2.1. Legacy PF/PO related operations 

It’s obvious that the motivation to introduce eDRX is to reduce the UE power consumption [6]. Thus, the period/number of wake-ups for paging reception should be minimized. In the current specification, the UE needs only to monitor one PO per DRX cycle [3]. Even for idle mode with eDRX, the same principle should be applied to maximize the power reduction gain, while the paging message can be repeated for a certain window [1]. For example, if the window is set to 10.24 [s] and defaultPagingCycle is configured with rf256, the number of paging occasions within the window is four, i.e., the eNB may repeat the paging message transmissions 4 times if S1 PAGING is received in advance. From the UE’s perspective, it should be sufficient to wake up once within the window, i.e., in only one subframe of the paging occasions. If the paging is not transmitted/received in a paging occasion, the UE may go to sleep immediately after the single paging occasion. It should be up to UE implementation when/how to obtain SIB in advance of the paging reception when SIB update occurs. 
Proposal 4 The UE should only be required to monitor one legacy paging occasion within a certain window per extended DRX cycle, when it wakes up from extended sleep. 
With regards to the number of paging repetitions, it is pointed out in [7] that the maximum time drifting of UE is 180 [ms], i.e., 18 radio frames, with 50 [ppm] clock drift, even if the extended DRX cycle is assumed to be 1 hour. It is still within the minimum value of defaultPagingCycle, i.e., rf32. So, if the paging message is repeated in at least one paging occasion to cover the worst case time drift in the UE. 
Observation 1 The clock drift of UE with 1 hour eDRX cycle can be tolerable by the repetition of paging message in at least one paging occasion. 
However, other factors may potentially affect the paging reliability, such as SFN mis-alignment among eNBs, latency of S1 interface, SI scheduling and so on. Since these factors cannot be accounted for by the UE, the NW should take this into account and facilitate the UE’s paging reception when it wakes up, e.g., by increasing the number of paging repetition or applying an offset to the paging start. 
Proposal 5 The NW should adjust the paging occasions/repetitions to the UE’s wake up timing to ensure sufficient paging reliability. 
If Proposal 5 is agreeable, the UE only needs to wake up when it thinks the concerned paging occasion comes. So, the UE does not need to be informed of the window. 
Proposal 6 The UE does not need to be aware of the window in which the paging message may be repeated. 
2.2.2. Determination of eDRX cycle 
One of the main unresolved issues is to conclude whether the eDRX cycle is determined by the hyper-SFN mechanism [8]
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[14] or the timer-based mechanism [15].The pros and cons of both mechanisms were discussed extensively in [15]. The hyper-SFN mechanism will offer more paging capacity due to its deterministic paging occasions, but this would require network synchronization among eNBs. On the other hand, the timer-based mechanism may work even with the legacy and/or unsynchronized eNBs, while it may need more standardization and/or implementation efforts since it’s a new concept including a new UE behaviour. 
From the NW implementation perspective, Rel-13 has already decided to introduce the new NW behaviour, i.e., the paging message repetition [1]. However legacy eNBs may not cannot be used to ensure paging reliability, since paging repetition was not supported in many NW implementations, even though it was not explicitly prohibited in the current specification. So, legacy eNBs may need to be upgraded to support eDRX functionality to ensure sufficient paging reliability, regardless of whether the hyper-SFN mechanism or the timer-base mechanism is introduced. 
Observation 2 Legacy eNB implementation may not ensure sufficient paging reliability even if the timer-based mechanism is applied. 
From the UE implementation’s perspective, an internal timer is used to determine when it should wake up, i.e., the UE runs the timer during sleep, and when the timer expires the UE considers that an eDRX cycle is completed. It can avoid unnecessary wake-up to check/synchronize with system parameters in an eDRX cycle, thus the power consumption may be minimized. The current UE implementation is more aligned with the timer-based mechanism. So, the timer-based mechanism may be a simpler mechanism for the UE as long as the network ensures the synchronization towards the UE including the adjustment of paging as suggested in Proposal 5. 
Observation 3 The current UE implementation is well aligned with the timer-based mechanism. 
Proposal 7 RAN2 should take into account Observation 2 and Observation 3 as additional aspects in the discussion on the FFS how the UE determines when to wake up. 
3. Conclusion 
In this paper, the details of idle mode UE behaviour with eDRX are discussed. The configuration of eDRX and applicability of provisioned parameters are solved. Also, the paging reception is considered based on the existing standards, possible mechanisms and current agreements. In addition, the considerations of the possible mechanisms are provided. RAN2 is kindly asked to take into account the observations and proposals as follows; 
Proposal 1
The idle mode UE should apply the extended DRX into the paging reception procedure when the AS is assigned with the extended DRX value by the NAS.
Proposal 2
When the extended DRX is applied, the legacy PF/PO should be calculated with the PCCH Configuration provided in SIB, regardless of whether any configurations are provided by the MME.
Proposal 3
It should be clarified that the range of the existing defaultPagingCycle does not need to be extended.
Proposal 4
The UE should only be required to monitor one legacy paging occasion within a certain window per extended DRX cycle, when it wakes up from extended sleep.
Observation 1
The clock drift of UE with 1 hour eDRX cycle can be tolerable by the repetition of paging message in at least one paging occasion.
Proposal 5
The NW should adjust the paging occasions/repetitions to the UE’s wake up timing to ensure sufficient paging reliability.
Proposal 6
The UE does not need to be aware of the window in which the paging message may be repeated.
Observation 2
Legacy eNB implementation may not ensure sufficient paging reliability even if the timer-based mechanism is applied.
Observation 3
The current UE implementation is well aligned with the timer-based mechanism.
Proposal 7
RAN2 should take into account Observation 2 and Observation 3 as additional aspects in the discussion on the FFS how the UE determines when to wake up.
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