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Abstract of the contribution: This paper addresses the remaining open issues on extended idle mode DRX and proposes a way forward.
1   Introduction
RAN2 and SA2 have been designing the Extended Idle Mode DRX solution for the last few meetings.

For E-UTRAN, SA2 had proposed a CN-based solution and RAN2 had proposed a RAN-based solution based on new Hyper-SFN introduced and finally the two groups converged on a solution which inherits from both, and relies on a network-wide synchronization down to 1-2 seconds.

A few remaining open points still exist, and this paper attempts to provide a way forward on these.

2 Discussion
In [1] SA2#111 has communicated the principles of the solution as follows:

1. The Paging Time Window (PTW) is assigned by MME and provided to UE via NAS during attach/TAU.
2. MME needs to store the paging messages for extended periods of time to avoid storing paging messages in the RAN nodes. MME uses the Paging Hyperframe formula as defined by RAN2 when computing the beginning of the paging time window and sends the paging request just before the first Paging occasion occurs. It is assumed that all the MMEs and eNBs use the same H-SFN within a difference in the order of 1 to 2 seconds.

3. The MME takes into account the paging time window length for paging retransmission strategy. It's FFS whether the MME includes the extended DRX value and/or PTW length in S1 paging request.
The open issues from SA2 standpoint are related to whether MME includes the extended DRX value and/or PTW length in S1 paging request. So based on the solutions description above we will propose a way forward in this paper. 
There are three possible implementation options of the E-UTRAN Extended Idle Mode DRX solution if we chose different assumptions on what the agreement meant (even though in our understanding an agreement was reached that the meaning was "the MME knows the Paging occasion time precisely " as this was what we have discussed when drafting the CR and also offline we confirmed that the CR was not accurate with editor and the LS was, and the CR needed to be revised) :

Interpretation 1: the Paging Window starts at the paging H-SFN boundary

The MME sends the paging request to the eNB at the boundary of the Paging Hyper-frame (PH) relevant for this UE (or just 1 or 2 seconds before to account for the de-synchronization). The Paging Hyper-frame is computed by the MME with the formula as discussed by RAN2 [2]
The eNB starts to page in the first legacy Paging Frame (PF) / Paging Occasion (PO) following the start of the Paging Hyper-frame. Refer to TS 36.304.

The drawback of this solution is that all the UEs would be paged in their first DRX cycle meaning within a duration of maximum 2.56 seconds of a given H-SFN instead of being distributed across the H-SFN duration of 10.24 seconds.
The MME may repeat the paging message every legacy TDRX.
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Figure 1-1: MME pages before the Paging Hyper-frame boundary. The eNB pages in first PF/PO following the Paging Hyper-frame boundary. The MME may repeat every legacy Tdrx. But all the UEs are initially paged in the first 2.56 seconds of the Paging Hyper-frame.
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Figure 1-2: Paging reception at the UE side: each UE wakes up at its own Paging Hyper-frame boundary during a UE-dedicated paging window duration denoted here above PTWUE. Consequently all the UE paging windows start at an H-SFN boundary.

Interpretation 2: the Paging Window starts at H-SFN boundary & Time Offset managed by eNB

For each UE, the MME sends to the eNB a dedicated Paging Window Length (denoted here PTWUE). The eNB spreads the paging messages of all the UEs across the H-SFN duration of 10.24 seconds by taking into account each dedicated PTWUE. This spreading relies on a dedicated Time Offset computed by the eNB for each UE.

The major drawback of this solution is that the MME cannot repeat in the Hyper-frame because it does not know when first radio paging occurs in the Paging Hyper-frame. Also it requires the eNB to Time offset formulas in addition to the legacy TDRX Formula.
The ENB is supposed not to repeat in the Hyper-frame to avoid any paging overload.
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Figure 2-1: MME pages before the Paging Hyper-frame boundary while including in the paging message to the eNB a PTWUE whom value may differ from one UE to another. The eNB applies a time offset between 0 and 10.24 seconds before it pages the UE. The eNB computes the time offset by taking into account the PTWUE.
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Figure 2-2: Paging reception at the UE side: each UE wakes up at its own Paging Hyper-frame boundary during a UE-dedicated paging window duration denoted here above PTWUE. Consequently all the UE paging windows start at an H-SFN boundary.
Interpretation 3: Paging window starts at H-SFN boundary + Time Offset managed by MME

The MME should spread itself the paging messages of all the UEs across the H-SFN. The “high level” H-SFN formula should be adapted to cover this. MME and UE can both calculate the starting point of paging window. Here is an example considering a simple formula:

Starting Point of Paging Window = Start of the Paging H-SFN + IMSI (modulo 10) seconds = MME offset = UE offset

The MME sends the paging request to the eNB at this time (minus 1 or 2 seconds to account for the de-synchronization).
The MME shall NOT give the Paging Window Length to the eNB to avoid the inefficiency of allowing both eNB and MME repetitions in parallel. MME remains fully in control of the repetitions as in today LTE. 

Upon receipt of the paging request, the eNB simply pages at the following next (legacy) PF/PO. Not more. The MME can typically repeat the paging based upon the value of legacy DRX cycle. The UE listens to the paging during the duration PTWUE of the Paging Window Length.
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Figure 3-1: MME pages after applying a time offset known by a formula shared with UE. The eNB pages at first PF/PO following the paging message received over S1. The MME could repeat every legacy Tdrx. The paging’s of UEs are thus spread across the H-SFN.
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Figure 3-2: Paging reception at the UE side: each UE wakes up at its own Paging Hyper-frame boundary + the MME time offset known by the UE by a formula shared with MME. Each UE wakes up during the paging window duration denoted here above PTWUE. Consequently all paging windows are spread across the H-SFN duration of 10.24s.

Given the issues brought by the interpretation 1 and interpretation 2 it is proposed that SA2 agrees to interpretation 3 of the SA2 LS described here-above.  

The key driver for interpretation 3 is again that the MME shall remain in control of the paging repetitions and the eNB is not assumed to repeat. Therefore MME shall be able to determine the start of the paging window for a given UE (even though it does not know at which exact PF/PO the UE will get paged as this will depend on the legacy DRX formula) and MME will manage potential repetitions according to legacy DRX cycle.
It is consequently proposed that SA2 agrees the solution in line with this interpretation 3 which means:

Proposal 1: SA2 agrees on the following solution:

· The high level formula computed in MME and UE provides both a H-SFN and a Time Offset (TO) inside the H-SFN. A simple formula for this TO can simply be e.g. TO= IMSI (modulo 10) seconds (This is being discussed in RAN2)
· The MME takes into account both H-SFN + TO when sending the S1 Paging message to the eNB. Similarly, the UE takes into account both H-SFN and TO when determining when to wake up for a duration of PTWUE
· When receiving the S1 paging message the eNB pages at the next PF/PO following legacy formula

· Only the MME is in charge of the repetitions during the PTW(according to legacy DRX formula)

· The eNB does not repeat autonomously. This is aligned with the eNB expected behaviour today upon receiving the S1 paging message (as indicated in TS 36.413 "For each cell that belongs to any of the TAs indicated in the List of TAIs IE, the eNB shall generate one page on the radio interface").
· The eNB needs to receive neither the PTW value nor the eDRX value.

· The eNB does not need the formula for determination of starting point of the UE-specific Paging Window (i.e. the UE-specific Paging Hyperframe + TO).
3 Conclusion 

This contribution has analyzed the possible implementation options for LTE Extended Idle Mode DRX resulting from the SA2#111 agreements and concluded that only one implementation option make sense. The two following proposals result for LTE Extended Idle Mode DRX for SA2:

Proposal 1: SA2 agrees on the following solution:

· The high level formula computed in MME and UE provides both a H-SFN and a Time Offset (TO) inside the H-SFN. A simple formula for this TO can simply be e.g. TO= IMSI (modulo 10) seconds (This is being discussed in RAN2)

· The MME takes into account both H-SFN + TO when sending the S1 Paging message to the eNB. Similarly, the UE takes into account both H-SFN and TO when determining when to wake up for a duration of PTWUE
· When receiving the S1 paging message the eNB pages at the next PF/PO following legacy formula

· Only the MME is in charge of the repetitions during the PTW(according to legacy DRX formula)

· The eNB does not repeat autonomously. This is aligned with the eNB expected behaviour today upon receiving the S1 paging message (as indicated in TS 36.413 "For each cell that belongs to any of the TAs indicated in the List of TAIs IE, the eNB shall generate one page on the radio interface").
· The eNB needs to receive neither the PTW value nor the eDRX value.

· The eNB does not need the formula for determination of starting point of the UE-specific Paging Window (i.e. the UE-specific Paging Hyperframe + TO).
Proposal 2: send to RAN2 and RAN3 the above feedback 
Proposal 3: update the CR in S2-153671 from SA2#111 to reflect this agreement and the understanding from SA2#111 already in the LS.
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