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1
Introduction
3GPP Rel-13 includes a work item entitled “RAN enhancements for extended DRX in LTE” [1] which has the objective:

-
Extend idle mode DRX cycles in order to provide at least an order of magnitude power savings for UEs in idle mode; and

-
Extend connected mode DRX cycles in order to enable additional power savings beyond what is currently possible for UEs in connected mode

RAN2#90 [2] agreed following for extend idle mode DRX
· 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.  
· 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.  
However how the UE determines when to wake up (either using hyper SFN or CN timer based mechanisms) is not agreed. In addition, SA2# 109 [3] completed eDRX study except one open item on the paging coordination for extended idle mode DRX between the UE and the NW, and sent LS [4] to request final decision from RAN. Therefore, in this paper, we mainly focus on this item left by RAN2 and SA2 regarding the idle mode extended DRX operation.
2
Discussion
SA2 [4]  has worked for feasibility study on Extended DRX cycle for Power Consumption Optimization with following coordination solutions for extended paging cycle between UE and network:

· Solution 1: RAN based approach (SFN extension)

· Solution 2: Core Network based with event based time reference

· Solution 3: Core Network based with absolute time reference
All those solutions have different implication to RAN side from several aspects; we will give a brief analysis below for the comparison among them and highlight the relevant findings.
RAN based approach [5]:

The basic idea of the RAN based approach is to define a hyper-SFN to extend current SFN for supporting eDRX in order of minutes. When the UE shall wake up for detecting the potential paging is decided by the regular DRX cycle mechanism in conjunction with this new hyper-SFN. The current calculation keeps unchanged for selecting the PF/PO within the derived hyper frame. 

The UE monitors the potential paging message at several POs within a hyper frame derived from the extended DRX configuration. The extended idle mode DRX capable eNB applies the hyper frame calculation and repeats the paging message several times or within a window based on regular DRX cycle formula if the extended DRX length is included in the paging message from MME. 
The hyper SFN may contain several bits depending on the decided extended idle mode DRX value. The extension of SFN requires the new parameter introduced in the system information message. Also the determination of the paging occasion needs to be enhanced by taking the hyper SFN into account, which brings the impact to the specification and the implementation in UE and eNB.

Observation 1: The introduction of hyper SFN needs AS specification update, i.e. the new parameter in system information and the derivation of the hyper frame within which paging occasion occur.
Timer based approach [6]
With this approach, a timer is introduced in UE and network which is set with the extended DRX value negotiated on NAS level. Upon expiry of the new timer, the CN forwards the paging message towards relevant RAN, and UE starts monitoring the paging messages from multiple paging occasions determined by normal DRX setting.

eNB has no knowledge of the extended DRX cycle length, but just repeats the paging in multiple paging occasions according to the normal DRX parameters if there is extended DRX indicator in the paging message from MME
Although there is no direct impact to the paging occasion calculation, according to the statement from SA2 above, the new timer for determining when UE wakes up is handled in NAS layer, the AS layer function for monitoring the paging message is managed by NAS layer depending on whether extended DRX cycle is enabled and whether the new timer is running. The required interaction between NAS layer and AS layer would be required which may cause extra complexity in UE/MME/eNB implementation. 
Besides, the synchronization would be another issue. The timer based solution requires strict synchronization between the UE and the network. The high clock drift may make it difficult to keep UE synchronized with network and increase the probability of missing a paging. 

There are two ways proposed for synchronizing the start of the new timer with a time reference used by the UE and the CN [6]: 

-
CN and UE start the extended timer at transmission and reception, respectively, of the Attach Accept or TAU/RAU Accept message where the relevant extended idle mode DRX parameters are provided.

TAU procedure is normally controlled by a periodic timer which has value range from 0-62s, 0-31m or even longer in hours. It does not make sense if the periodic timer is shorter than the extended DRX length which would bring extra signalling overhead and increase the power consumption due to frequent TAU. If the TAU timer is in the order of tens of minutes, according to current timer accuracy requirement defined in 36.133[7] which allows ( 2.5% inaccuracy, clock drifting could be in order of tens of seconds in this case (e.g. ( 75s inaccuracy for 50 minutes timer, which is already beyond 10.24s SFN space).
	7.2
UE timer accuracy

7.2.1
Introduction
UE timers are used in different protocol entities to control the UE behaviour.

7.2.2
Requirements
For UE timers specified in TS 36.331 [2], UE shall comply with the timer accuracies according to Table 7.2.2-1.

The requirements are only related to the actual timing measurements internally in the UE. They do not include the following:

-
Inaccuracy in the start and stop conditions of a timer (e.g. UE reaction time to detect that start and stop conditions of a timer is fulfilled), or

-
Inaccuracies due to restrictions in observability of start and stop conditions of a UE timer (e.g. TTI alignment when UE sends messages at timer expiry).

Table 7.2.2-1
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timer value < 4
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timer value ( 4

( 2.5%




-
The time reference is an absolute time reference e.g. based on Coordinated Universal Time (UTC) which is included in Attach Accept or TAU/RAU Accept message. UE is able to base the absolute time reference on clock information provided by the RAN (e.g. SIB16 in E-UTRAN).

This way relies on the absolute time reference provided by UTC. It would impact implementation of all NW node (e.g. need to have GPS at MME or being provided by other means), as well as the UE operation. The UE has to wake up in advance based on the time drift to get synchronization with network by acquiring SIB16 which might not be necessary for the UE supporting extended DRX, and then wait for the actual PF/PO for paging. In that sense, it would become very similar to the RAN based solution since RAN level accurate timing reference is anyway needed. 
Observation 2: The timer based solution has challenge of the synchronization between UE and the network.

3
Conclusion
This contribution analyzed the impacts to RAN from the SA2 proposed paging coordination schemes, the following observation were made.
Observation 1: The introduction of hyper SFN needs AS specification update, i.e. the new parameter in system information and the derivation of the hyper frame within which paging occasion occur.

Observation 2: The timer based solution has challenge of the synchronization between UE and the network.
Given the analysis and observations, the specification effort is necessary no matter which solution will be accepted. However the timing accuracy is essential for the timer based solution, due to the uncertainty of the synchronization between UE and network. Unlike the timer based solution, the RAN based solution is well aligned with existing paging mechanism to ensure the reliable paging by controlling the paging occasion within RAN. In light of above points we propose 

Proposal: RAN2 takes the above observations into consideration and adopts the RAN based solution for eDRX operation in idle mode.
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