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1. Introduction
In the May meeting, RAN2 discussed the WI eDRX for the first time and made the following agreements [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 connected mode, the DRX cycle can be extended up to 10.24sec. FFS whether the DRX should be extended past 10.24s.  

· Respond to SA2 to capture the RAN2 agreements on idle mode and connected mode.  For connected mode, we will capture that RAN2 is still studying the impacts of extending past 10.24s and would like to ask SA2 input on CN impacts and acceptable ranges from SA2 point of view.  

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.  


For the extended DRX cycle in Idle mode, one FFS issue is how the UE determines when to wake up. Currently, two solutions are left on the table. One solution is using hyper SFN as proposed in [2, 3], while another solution is CN timer based mechanism as proposed in [4].
Actually, in the May meeting, SA2 has already discussed the details of these two solutions. However, they couldn’t decide the way to go but would like RAN2 to make the final conclusion as per the LS from them [5].
So in this contribution, we will provide our evaluation of these two solutions and give our preference.
2. Discussion
2.1 Solution description
A. CN timer based solution

The main ideas of this solution in [5] include:
· It makes use of the regular DRX cycle mechanism for determination of Paging Occasions (POs) in conjunction with a new TeDRX timer and a means to synchronize the start of the TeDRX timer with a time reference referred to here as Tref.
· There are two ways for synchronizing the start of the TeDRX timer on the reference time Tref that is used by the UE and the CN
· Event based time reference: CN and UE start the extended TeDRX 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.
·  Absolute time reference: The time reference Tref is an absolute time reference e.g. based on Coordinated Universal Time (UTC). UE is able to base the absolute time reference Tref on clock information provided by the RAN (e.g. SIB16 in E-UTRAN). If RAN does not provide clock information on which to base the absolute time reference Tref, the MME triggers fallback to the previous option by not including a Tref parameter in the TAU/RAU Accept message.
· In order to improve paging reliability e.g. to avoid paging misses due to cell reselection or due to imperfect synchronization of the Tref parameter in the UE and the MME, a Paging Transmission Window Time (PTW) described by its duration TPTW is introduced. As shown in Figure 1, during PTW the UE monitors the network for paging when the extended Idle mode DRX cycle based on the extended Idle mode DRX value expires. During the PTW there may be multiple opportunities to page the UE which monitors the network for paging using regular DRX parameters.
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Figure 1 Illustration of Timer based solution
B. SFN extension based solution

The main ideas of this solution in [2] include:
· Introduce a hyper-SFN (H-SFN) to extended the current SFN

· Transparent to legacy UEs

· UE has a paging hyper-frame (PH) occasion to monitor its paging frames (PF) 

· Within a PH there could be one or more PFs (PFs follow a normal DRX cycle) 

· Number of normal DRX cycles is part of extended DRX configuration

· As shown in Figure .2, within the PH the UE can be scheduled for multiple paging occasions to increase reliability if for some reason the UE cannot acquire the first paging message. 
· eNBs within the UE’s paging area are semi-synchronous within 1024 frames of each other;
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Figure 2 Illustration of SFN extension based solution

2.2 Comparison of the solutions
· Aspect 1: the impact of the clock drifting
In last meeting, one of the major concerns on the CN timer based solution is the clock drifting issue. However, to be fair the clock drifting issue is all over the place. Even in RAN-based solution the clock drifting issue would need to be considered in practical implementation if the UE enters sleep for a long time. The clock drifting issue would cause the inefficiencies in the flowing two aspects:

· If the NW sends the paging earlier than the UE wakes up, then the page message will be lost. This is a source of paging loss and overhead that is not due to normal mobility of out of coverage, but caused by de-synchronization between UE and NW. Therefore, this could lead to unnecessary overhead in paging resources
· If the UE wakes up before the NW sends the paging, the UE will have to wait for some time before the page is sent, which may leads to that the UE needs to be awake for some additional long time. Therefore this could be inefficiency in power consumption
The difference between these two solutions is how frequent the UE can compensate the clock drifting by re-sync to the NW.
· In the SFN extension based solution, the time point at which the UE needs to wake up for paging monitoring depends on the hyper SFN index and the SFN of the serving cell. So the synchronization of clocks is only required between UE and eNB. During the wake-up period for paging monitoring, the UE can acquire the hyper SFN and SFN from the system information, which can make the UE re-sync the hyper SFN and SFN with the eNB every extended paging cycle. So, for this solution, the clock drifting between UE and eNB can be compensated at most every extended paging cycle.

· In the CN timer solution with event based time reference, the time point at which the UE needs to wake up for paging monitoring depends on time reference which is based on the NAS procedure. This requires the synchronization of clocks between UE and MME. So the UE will not be able to compensate the clock drifting with the MME’s until the UE communicate again with the MME. If there is no data or control plane signalling for a while, even when the UE is waking up every extended DRX cycle to acquire paging, since the synchronization is with the MME, the clock drifting between UE and MME would continue and is not compensated. Therefore to avoid the missing of a paging, this solution requires a larger active time in the UE to cover for the clock drifting issue compared with the SFN based solution, which is quite inefficient in terms of power consumption.
· In the CN timer solution with absolute time reference, the time point at which the UE needs to wake up for paging monitoring depends on time reference which is an absolute time based on the UTC in SIB16. So the synchronization of clocks is also required between UE and eNB. During the wake-up period for paging monitoring, the UE can acquire the UTC from the SIB 16, which can make the UE re-sync the UTC to the eNB every extended paging cycle. So, for this solution, the clock drifting between UE and eNB can be compensated at most every extended paging cycle, which would have the same performance as the SFN based solution.
Observation 1: to avoid the missing of a paging, the CN timer solution with event based time reference requires a larger active time in the UE to cover for the clock drifting issue compared with the SFN based solution and the CN timer solution with absolute time reference, which is quite inefficient in terms of power consumption. 
· Aspect 2: the spreading of the PO

In the legacy DRX, the PF/PO can be spread over the DRX cycle thanks to the nice PF/PO formula, which can fully explore the paging resource. Although it has been agreed that in the extended DRX the legacy PF/PO formula is still used, but the case are different for different solutions.

· In the SFN extension based solution, another new formula is needed to determine the UE’s PH in one extended DRX cycle. By proper design of this formula, the UEs’ PH can be spread in an extended DRX cycle. Moreover, the UEs’ PF/PO is further spread within a PH so it is finally make the PO be spread over the entire DRX cycle.

· In the CN timer solution with event based time reference, one new factor that would impact the PO’s position in time is when the UE initiates the NAS procedure. Since it is not possible to give any restriction to the time when the UE can initiate the NAS procedure, it couldn’t guarantee that the PO of the UEs with same extended DRX cycle can be spread over the entire DRX cycle. 
· In the CN timer solution with absolute time reference, one new factor that would impact the PO’s position in time is the absolute time reference. For different UEs, the MME can chose to configure different absolute time reference. Then it is possible to make the PO be spread over the entire DRX cycle.
Observation 2: in both the SFN extension based solution and the CN timer solution with absolute time reference, the PO can be spread over the entire DRX cycle, while in the CN timer solution with event based time reference, this couldn’t be guaranteed.

· Aspect 3: the support for SI update notification;
The paging message is used not only to page UEs in RRC_IDLE for the MT traffic but also to notify UEs in RRC_IDLE and UEs in RRC_CONNECTED about a system information change.
In the CN timer based solution, the time points at which the UE needs to wakes up to determine the PF/PO are calculated from TeDRX and Tref, neither of which is known by the eNB. Then in case that it is needed to notify the SI update to the UE by paging, the eNB couldn’t know the exact time that the UE will wake up. If the eNB just use the legacy DRX parameters to determine the UE’s PF/PO, the UE using extended DRX will likely miss this paging message.
Observation 3: in the CN timer based solution, neither the extended DRX cycle (TeDRX) nor the timer reference (Tref) is known by the eNB. So it is not clear how the SI update notification by paging works.

· Aspect 4: the applicability for legacy eNB;
In last meeting, one of the major merits claimed by the proponent for the CN timer based solution is even served by the legacy eNB the UE can still use the extended DRX cycle. We think this is somehow true since the MME controls when the paging is sent to the eNBs and the eNBs just need to forward the paging message to the UE at the point of time determined from the legacy PF/PO formula, which does not require any change to the eNB.

However, it should be noted that in the CN timer based solution, another key element is the PTW. This PTW requires the eNB to support the new functionality that storing the paging message and repeating it several times in the transmission window. So to support the complete CN timer based solution, the eNB anyhow needs to be upgraded. 
For the SFN extension based solution, the UE should fall back to use the legacy idle DRX mechanism when it is served by a legacy eNB. So it requires the UE to be aware of the eNB’s capability on the supporting of extended DRX. However, for the CN timer based solution, this is also required. The reason is the UE just needs to wake up once instead of several times in the configured PTW if it is served by a legacy eNB.

Observation 4: to support the complete functionalities of either solution, the eNB anyhow needs to be upgraded, and the UE needs to be aware of the eNB’s capability on the supporting of extended DRX. Then in this sense, the CN timer based solution has no significant merit.
· Aspect 5: the requirement for synchronization between eNBs
As mentioned in [2], one possible issue for the SFN extension based solution is the possible paging delay when the UE moves between eNBs that are not synchronized. So to avoid this issue, it is required that loose synchronization (within 10.24s) of hyper SFN is applied for the eNBs in the UE’s paging area. However, we think this loose synchronization requirement is not difficult to be implemented.

Observation 5: the SFN extension based solution requires the loose synchronization of hyper SFN for the eNB in the UE’s paging area. However it is not difficult to be implemented.
3. Conclusion

In this contribution, we recap the main idea of the solutions on the table for issue that how the UE determines when to wake up and give the comparison of these solutions from some aspects. Following is a summary of the comparison.
· From Observation 1 and 2, the SFN extension based solution and CN timer solution with absolute time reference is better than the CN timer solution with even based time reference. However, one should note that the timer solution with absolute time reference is not a completely independent solution. It needs to fall back to the one with event based time reference if the RAN does not provide clock information.

· From Observation 3, the SFN extension based solution is also better then the CN timer based solution;
· From Observation 4, the CN timer solution has no significant merit compared to the SFN extension based solution

· From Observation 5, although the SFN extension based solution requires the loose synchronization between eNBs, it is not difficult to implement it.
So based on the above observations, our proposal is:

Proposal: To adopt the SFN extension based solution
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