3GPP TSG-RAN WG2 Meeting #92                                                                   R2-156139
Anaheim, USA, 16th  – 20th November 2015
Agenda item:
7.9
Source:
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title: 
Finalization of LTE eDRX Solution
Document for:
Approval
1   Introduction
RAN2 and SA2 have been designing the idle eDRX solution for the last past meetings.

For LTE SA2 had proposed a CN-based solution and RAN2 had proposed a RAN-based solution based on new Hyper-SFN introduced and finally they converged on a so-called hybrid solution which inherits from both. 

RAN2 has received the LS in [1] informing about the conclusions from SA2 for idle eDRX with a few remaining open points.
This paper analyses the LTE eDRX implementation options resulting from the received SA2 CR, the remaining open points and the resulting RAN2 impacts.
2 Discussion
In [1] SA2 sketches the hybrid 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.
There is however some remaining ambiguity and open points between the SA2 incoming LS and the SA2 CR on TS23.682 that lead to three possible implementation options of the LTE idle eDRX solution:

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 discused 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 PWLUE. 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 PWLUE). 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 PWLUE. 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
1) it does not know when first radio paging occurs in the Paging Hyper-frame
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 PWLUE 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 PWLUE.
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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 PWLUE. 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 PWLUE 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 PWLUE. 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 RAN2 makes  an agreement for the interpretation 3 of the SA2 CR 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 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 RAN2 agrees the solution in line with this interpretation 3 which means:
Proposal 1: RAN2 agrees on the following solution:
· The high level formula computed in MME and UE provides both a H-SFN and a Time Offset (TO) in seconds comprised between 0 and 10.24 seconds 

· A simple formula for this TO can simply be TO= IMSI (modulo 10)

· This H-SFN + TO corresponds to the time in the MME when the MME sends the S1 Paging message to the eNB and the time in the UE when the UE wakes up for a duration of PWLUE
· 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 PWL(according to legacy DRX formula)

· The eNB does not repeat

· The eNB needs to receive neither the PWLvalue nor the eDRX value.

3 Conclusion 
This contribution has analyzed the possible implementation options for LTE eDRX resulting from the SA2 liaison and CR received in [1] and concluded that only one implementation option make sense. The two following proposals result for LTE eDRX for RAN2:

Proposal 1: RAN2 agrees on the following solution:

· The high level formula computed in MME and UE provides both a H-SFN and a Time Offset (TO) in seconds comprised between 0 and 10.24 seconds 

· A simple formula for this TO can simply be TO= IMSI (modulo 10)

· This H-SFN + TO corresponds to the time in the MME when the MME sends the S1 Paging message to the eNB and the time in the UE when the UE wakes up for a duration of PWLUE
· 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 PWL(according to legacy DRX formula)

· The eNB does not repeat

· The eNB needs to receive neither the PWLvalue nor the eDRX value.
Proposal 2: send RAN2 above feedback to SA2 and RAN3.
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