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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#91, it was agreed to adopt a solution for idle eDRX based on hyper-SFN (H-SFN) [2]. 

	Agreements in RAN2 #91
· To improve power saving gains, the UE should be able to re-synchronize over Uu with the RAN without sending uplink signalling (i.e. H-SFN or time clock broadcast information).

· H-SFN based paging will be adopted in the RAN  

· RAN2 has agreed that it would be desirable to minimize or avoid storing paging messages in eNB.  To avoid storing of paging message would require the MME to have some awareness of approximate time of when the UE will become reachable.  It is up to SA2 how this is achieved.

· For paging robustness purposes for mobile UEs, some loose H-SFN synchronization between cells may be required


We also recall that RAN2#90, it was agreed to introduce a paging window to improve reliability of the paging message. The exact determination of the UE wake up during the paging window was left FFS[3].

	Agreements in RAN2 #90

For idle mode:

· 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, we address the key remaining issues for idle mode eDRX based on H-SFN:
1. Determination of paging occasions for eDRX UEs

2. Paging window configuration

3. System information update

2. Discussion

2.1. Hyper-SFN overview
The H-SFN is a means to extend the current SFN range which is limited to 0 to 1023, as depicted in the Figure 1. As example, in the figure 10 bits of extension are used, but the actual H-SFN range is still FFS.   Each hyper SFN contains 1024 SFNs, and therefore spans across 10.24 seconds. 
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Figure 1: H-SFN concept
For extended idle mode DRX, the paging frames for the UE consist of:

1. H-SFN value or values: that provide the hyper frame/frames at which the UE may be paged, i.e, the paging hyper-frames (PH).
2. SFN value or values: that provide the legacy frame/frames at which the UE expects to be paged within each paging hyper-frame. The legacy paging frames are within a paging window (PW).
This is illustrated in Figure 2.
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Figure 2: H-SFN based paging for eDRX
2.2. Determination of paging hyper-frames
There are two principles that should be satisfied when defining a procedure for determining the UE’s paging hyper-frame:

1. The determination of the UE’s PH should be eNB independent

2. The paging hyper-frames across different UEs should be uniformly distributed across the H-SFN range
The first requirement is needed to ensure that MME is aware of when the UE is reachable (at H-SFN level). The second requirement follows the same principle as the legacy paging mechanism. Naturally, the paging hyper-frames should also dependent on the eDRX cycle of the UE.
Hence, we propose that
Proposal 1: The paging hyper frame (PH) computation should be a function of the extended I-DRX cycle and the IMSI.

A simple formula to achieve the goal in Proposal 1 is proposed below to be included in [4]:
	PH is given by following equation:

H-SFN mod TeDRX= (UE_ID2 mod TeDRX)
UE_ID2: IMSI mod K

K: maximum H-SFN value (FFS)

TeDRX : eDRX cycle of the UE (in hyper-SFNs), configured by upper layers


2.3. Determination of the paging window
It is also necessary to define the paging window (PW), shown in Figure 2. We propose that the start of the PW is defined to be the first (PF, PO) within the PH, where the (PF, PO) follows the legacy DRX formula.

Proposal 2: The start of the paging window corresponds to the UE’s first (PF, PO) within the paging hyper-frame, where the (PF, PO) follows the legacy DRX formula.

The length of the paging window should be known by the UE so it can determine in which paging occasions the eNB is expected to repeat the paging message. We propose that the paging window is broadcasted by the eNB. 
Proposal 3: The paging window duration (PW) in seconds, is broadcasted by the eNB.

It is important to note that the PW is being introduced to provide a means to increase the paging reliability, e.g, in situations where the UE cannot monitor or misses its first (PF, PO) after coming out of eDRX. From a power savings perspective, it is critical to limit the UE wake-up during the PW only to the amount necessary to monitor one of the (PF, PO) locations within the window.
Proposal 4: The UE is only required to monitor one of its legacy (PF, PO) during the paging window.

2.4. System information update
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 UEs before the modification. The UE then starts acquiring the new system information from the next BCCH modification boundary. 
The typical scenario in eDRX is that the eDRX cycle is larger than the BCCH modification period. In this case, it is possible that UE in eDRX misses the paging notifications that are sent during the BCCH modification period.   An immediate approach to solve this problem is to require eDRX UEs to always re-acquire the ValueTag in SIB1 after each wake-up. However, this has the significant drawback of impacting the UE’s power consumption, especially considering that: (a) typically SI does not change very often, so most of the SIB1 re-acquisitions are not useful and drain UE’s battery power; (b) eDRX UEs may typically be eMTC UEs in enhanced coverage, for which each SIB1 acquisition takes a significant amount of time, further impacting UE power savings.
Observation 1: Performing SIB1 acquisition every eDRX cycle significantly reduces the power savings provided by eDRX
An alternative solution to this issue is to provide the paging notification for eDRX UEs after the SI has been changed. The advantage of this approach are twofold: (a) It does not impact the legacy UEs, which can still be notified in the regular BCCH modification period preceding the actual SI change; (b) It does not force SIB1 acquisition after each wake up from eDRX. Upon receiving the notification via the paging message, the UE re-acquires the system information. Note that, in order to ensure the UE remains reachable (e.g in the event of a paging resource re-configuration in SIB2), any notification of “SI has changed” should be sent based on the previous configuration.   
Proposal 5: Introduce a paging notification for UEs in eDRX to indicate that SI has changed. The notification should be delivered using the paging configuration that was valid before the SI change.
3. Conclusion

In this contribution, we address several of the open issues for idle mode eDRX, including: (a) Determination of paging occasions for eDRX UEs; (b) Paging window configuration; (c) System information update. 

We made the following proposals:

Proposal 1: The paging hyper frame (PH) computation should be a function of the extended I-DRX cycle and the IMSI.

Proposal 2: The start of the paging window corresponds to the UE’s first (PF, PO) within the paging hyper-frame, where the (PF, PO) follows the legacy DRX formula.

Proposal 3: The paging window duration (PW) in seconds, is broadcasted by the eNB.
Proposal 4: The UE is only required to monitor one of its legacy (PF, PO) during the paging window.

Proposal 5: Introduce a paging notification for UEs in eDRX to indicate that SI has changed. The notification should be delivered using the paging configuration that was valid before the SI change.
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