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Abstract of the contribution: This paper proposes that MME can compute the beginning of Paging Time Window so the transmission of S1AP paging message can be distributed across the Paging Hyperframe. The formula of distribution of paging message within Paging Hyperframe should be based on RAN2 description. Also it is proposed to revise CR S2-153712 based on the proposals. The changes are also provided in this paper.
1. Discussion
At SA2#111, SA2 sent LS S2-153716 to RAN2/RAN3 has been approved. In the LS, agreements for extended idle mode DRX for E-UTRAN have been provided as below.
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.
In the LS, it is stated that MME uses the Paging Hyper frame 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. However RAN2 does not conclude yet whether the first Paging Occasion is first PO based on legacy DRX formula within the Paging Hyper frame or the first Paging Occasion will be distributed across the Paging Hyperframe based on UE’s identity. Therefore various interpretations on “the beginning of the Paging Time Window” may be possible depending on RAN2’s conclusion.
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Figure 1 Hyperframe structure

Assuming that RAN2 concludes that the beginning of the Paging Time Window is distributed, SA2 should consider when a MME sends paging request to eNB. Two options are available as below.

Option1. MME only computes Paging Hyperframe with an extended idle mode DRX cycle and an UE identity and sends paging message at the paging H-SFN boundary. Then an eNB computes Paging Occasion based on distribution formula and after some storing then pages UE. 
Option2. MME computes Paging Hyperframe and first Paging Occasion of the UE based on the RAN2 formula. Then the MME sends paging message at the Paging Occasion of the Paging Hyperframe. The eNB pages UE using legacy DRX formula immediately.
However, Option 1 may address some inefficient situations as below.

Issue 1: MME send whole stored paging request messages which is designated to a specific Paging SFN just before the start of Paging SFN at the same time. Therefore S1AP paging load may be congested.
Issue 2: MME may/may not send paging request message when the computed paging hyper frame is current one. (e.g. MME may send unnecessary paging request message even the right Paging Occasion already went by since the MME does not know the UE’s exact paging occasion).
SA2 agreed MME can compute Paging Hyerframe using the formula defined by RAN2 and the condition of this is MME(s) and eNB(s) are synchronized each other. Therefore sourcing company assumes that MME also can compute the beginning of the first PO/PF of the UE along with paging Hyerframe (Hyper SFN). Therefore if an eNB receives paging message from MME, eNB sends paging message using DRX procedure without the need to distribute.

Proposal 1: MME can compute the beginning of the first PO/PF along with paging Hyperframe.

Proposal 2: MME should use the formula defined by RAN2 to compute the beginning of the first PO/PF along with paging Hyperframe.

Proposal 3: If RAN2 formula requires eNB specific parameter then the parameters can be provided during eNB-MME association procedure. 
2. Proposal
In this paper further issue on paging strategy for extended idle mode DRX for E-UTRAN has been discussed. Consequently following proposals have been made for more efficient system operation.
Proposal 1: MME can compute the beginning of the first PO/PF along with paging Hyperframe.

Proposal 2: MME use also the formula defined by RAN2 to compute the beginning of the first PO/PF along with paging Hyperframe.

Proposal 3: If RAN2 formula requires eNB specific parameter then the parameters can be provided during eNB-MME association procedure. 
Also it is proposed to revise CR S2-153712 based on the proposals. The changes are also provided as below.

4.5.13.3
Paging for extended idle mode DRX in E-UTRAN

4.5.13.3.1
Hyper SFN, Paging Hyperframe and Paging Time Window length
A Hyper-SFN (H-SFN) frame structure is defined on top of the SFN used for regular idle mode DRX. Each H-SFN value corresponds to a cycle of the legacy SFN of 1024 radio frames, i.e. 10.24s. The extended idle mode DRX value range will consist of values that are a power of 2, starting from 5.12s (i.e. 5.12, 10.24, 20.48 etc) up to a maximum of 2621,44s (43.69 min).

When extended idle mode DRX is enabled for a UE, the UE is reachable for a Paging Time Window length in a specific Paging Hyperframes (PH), which is a specific set of H-SFN values. The PH computation is a formula that is function of the extended idle mode DRX cycle, and a UE specific identifier, as described in TS 36.304 [yy].Also the computation of the beginning of the Paging Time Window is a formula is described in TS 36.304 [yy]. These values can be computed at all UEs and MMEs without need for signalling. 
The MME also assigns a Paging Time Window length, and provides this value to the UE during attach/TAU procedures together with the extended idle mode DRX cycle length. 
The UE first paging occasion is within the Paging Hyperframe as described in TS 36.304 [yy]. The UE is assumed reachable for paging for a Paging Time Window length after first paging occasion. After the Paging Time Window length, the MME considers the UE is unreachable for paging until the next Paging Hyperfame. 
4.5.13.3.2
Loose Hyper SFN synchronization

In order for the UE to be paged at roughly similar time, the H-SFN of all eNBs and MMEs should be loosely synchronized. 

Each eNB and MME synchronizes internally the H-SFN counter so that the start of H-SFN=0 coincides with a preconfigured time. It is assumed that eNBs and MMEs are able to use the same H-SFN value within an error in the order of legacy DRX cycle lengths, e.g. 1 to 2 seconds. It is to be noted that there is no need for synchronization at SFN level.
There is no signalling between network nodes required to achieve this level of loose H-SFN synchronization.

 4.5.13.3.3
MME paging request storing and retransmission strategy
When a trigger for paging occurs, if the UE is considered reachable for paging the MME sends the paging request. If the UE is considered unreachable for paging, the MME stores the paging request and sends the paging request just before the first paging occasion of the Paging Hyperframe occurs.   
The MME also uses the Paging Time Window length for paging retransmission strategy. 
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