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1
Introduction

As discussed in RAN3#89bis [1,3], a Rel-13 Work Item on RAN enhancements for extended DRX in LTE [2], led by RAN2, was approved in RAN#67. Previous LS traffic [4,5] and status was then reviewed, and it was agreed to wait for an answer from SA2 which should make the next steps clearer for RAN3. 
This LS is now received [6], and this document aims to review the possible impacts and issues for RAN3.

2
Review of eDRX Status

RAN2 agreed to define a hyper-SFN (H-SFN) in the RAN in order to enable Rel. 13 extended DRX in idle mode [5]. The hyper-SFN (H-SFN) is broadcast by the cell. Each H-SFN corresponds to one SFN cycle (i.e, 10.24s). The H-SFNs when the UE is reachable (“Paging Hyperframes”) are a function of the UE identifier and the eDRX length of the UE.

RAN2 noted that, since the UE will only listen for paging during specific periods, then the MME should store paging messages until close to the UE’s paging occasions. This is required in order to save all the eNBs from storing large number of paging messages. This also suggests a requirement on the MME to have some awareness of the UE’s paging occasions – which implies knowledge of both the UE’s eDRX cycle and the eNB’s H-SFN timing.
In the LS received from SA2 [6], further characteristics of the eDRX design are as follows:

· The Paging Time Window (PTW) is assigned by MME and provided to UE via NAS during attach/TAU.

· 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.

· 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.
SA2 concludes by requesting RAN2 and RAN3 to provide feedback on the synchronization.

Further detail can be gleaned from the CRs in SA2
· During Attach and/or TAU, UE and MME negotiate eDRX operation, and exchange parameters including the eDRX length and the Paging Time Window length. Based on this, the Paging Hyperframes when the UE will be reachable are known to the UE and MME.
· The UE is assumed reachable for paging for an additional Paging Time Window length after the first paging occasion. After the Paging Time Window length, the MME considers the UE unreachable for paging until the next Paging Hyperfame. Then the MME stores a new paging request and sends the paging request just before the next Paging Hyperframe occurs. The MME also uses the Paging Time Window length for paging retransmission strategy.
· 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. There is no need for synchronization at SFN level, and there is no signalling between network nodes required to achieve this level of loose H-SFN synchronization.

3
RAN3 Considerations
3.1
S1AP Paging message impacts
When the eNB receives the paging message, it will have all the legacy parameters, and so can identify the legacy paging occasions for the UE. If it is assumed that the MME sends the message with an uncertainty no greater than the legacy DRX cycle (1-2 s), then it is possible that the eNB would page the UE within the UE’s PTW (on a first attempt, or a later attempt, depending on PTW length). Although it might be possible to operate in this way (relying purely on MME timing), it seems much more effective to provide the eDRX parameters to the eNB, specifically the eDRX length, and the PTW. Together with the legacy paging parameters, the eNB is then able to calculate the exact paging occasions of the UE, and particularly, the first paging occasion when the UE will be reachable.
Note that due to the loose synchronization and possible UE movement to other cells, the S1AP paging message cannot be guaranteed to always arrive before the UE’s first paging occasion. Additionally, the PTW may be set to a rather small value in order to to save UE battery, resulting in a small number of paging occasions. For both these scenarios, MME repetition of the paging message may be rather inefficient (apart from increasing S1AP load). Instead, it would be sensible to allow the eNB to autonomously repeat paging within the PTW. This would reduce paging load and allow for shorter PTWs (further saving battery life). To enable autonomous eNB repetition, one possible option would be to add a flag to the S1AP paging message, so that the MME retains control of the overall process. 
3.2
Synchronization aspects

SA2 states in [6] “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”, which ties up with the RAN2 assumptions [5]. Above discussion suggests this is sufficient for the MME to hit the UE’s paging occasions, and might at worst result in missing the first PO. Similarly, the UE is able to wake up and sync to the current camping cell, and then ensure that it is reachable at the correct paging occasions.
From RAN3 perspective, it was previously noted that such a loose synchronization requirement between eNBs (and between eNBs and MMEs) can easily be obtained via TOD, and that this will also work in case of UE mobility towards different cells.
4.
Conclusion

Based on the analysis in this paper, it is concluded that

· It will be useful to provide the eNB with eDRX parameters (eDRX length, PTW) within the paging message
· Loose synchronization as required by the proposed solution can be achieved without signalling support

In addition, some clarification would be useful on PTW setting and usage (and associated possibility of autonomous eNB repetitions within the PTW). 

It is proposed to include these points in a response LS. 
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