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1 Introduction
The WI of RAN enhancements for extended DRX in LTE has been approved in RAN #67 [1]. To provide additional power saving for UE, the idle mode DRX (paging) cycle is to be extended to the order of minutes to an hour. The following agreements were made in RAN2 #91 meeting.
	· 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 lose H-SFN synchronization between cells may be required


In this contribution, we discuss remaining RAN issues for idle mode DRX extension (I-eDRX).
2 Discussion
2.1 H-SFN Interpretation and PF Calculation
According to latest RAN2 agreement, paging for I-eDRX will be H-SFN based. However, the interpretation of H-SFN requires further clarification. We see two alternatives.
Alt 1: New frame structure is defined on top of legacy SFN structure, where each H-SFN value corresponds to a cycle of legacy SFN (i.e. 1024 frames). New formula (similar to those for PF calculation) shall be introduced to find the hyper frame containing PF (paging hyper frame, PHF), and then PF is calculated within the hyper frame using legacy formula. An example formula for PHF calaculation is given below.
H-SFN mod (T_eDRX div 1024) = floor(eUE_ID div 1024) mod (T_eDRX div 1024)
where

- eUE_ID = IMSI mod (eSFN_cycle), where eSFN_cycle is the cycle length of eSFN in number of frames, and its value depends on the number of bits used to indicate the SFN super cycle. For example, if 8-bit SFN super cycle is used, eSFN_cycle is equal to 262144 (=28∙1024). 
- T_eDRX is the configured I-eDRX cycles.

Alt 2: Extend legacy SFN range using H-SFN. That is, an extended SFN (eSFN) is calculated as SFN plus additional most significant bits indicating SFN super cycle count. The PF calculation formula in [2] may be modified as
eSFN mod T_eDRX = (T_eDRX div N)*(eUE_ID mod N)
where N is as defined as in [2], but T is replaced with T_eDRX.
For both alternatives, PO within a PF is calculated in legacy way. 
With Alt 1, the allowed I-eDRX cycle values beyond rf1024 will be multiples of SFN cycle. On the other hand, with Alt. 2 the eSFN cycle must be divisible by all allowed I-eDRX cycle. Since eSFN cycle (in number of radio frames) is in power of 2, the allowed I-eDRX cycle values beyond rf1024 must also be in power of 2, and therefore also be multiples of 1024 (i.e. SFN cycle). Alt 2 does not provide better flexibility for valid I-eDRX cycle values.
Proposal 1: 
Regardless of the interpretation of H-SFN, the allowed I-eDRX cycle values beyond rf1024 shall be multiples of the SFN cycle (i.e. 1024 frames).
The complexities of calculating PF are similar for the two alternatives. However, one advantage of Alt 1 is that by first determining the hyper frame containing PF, the UE may enter light sleep mode when the hyper frame starts, which helps synchronization after a long sleep and improves paging robustness.
Proposal 2: 
H-SFN shall be interpreted as a new frame structure on top of legacy SFN. The UE first determine the hyper frame containing PF using H-SFN, and then calculate the PF/PO within the hyper frame based on legacy SFN.
2.2 Paging Repetition
To improve the robustness and flexibility of paging while keeping good power consumption performance, H-SFN synchronization between cells may be maintained. To further mitigate the negative effect of missed paging when I-eDRX is configured, the paging message can be repeated. Consider the two alternatives mentioned in the previous sub-clause.
For Alt 1, legacy PF calculation can be applied within the hyper frame containing PF. That is, the hyper frame can be viewed as a paging window, within which a frame is considered as a PF if
SFN mod T_rep = (T_rep div N)*(UE_ID mod N),
where T_rep is the interval of repeated paging, which may be chosen from legacy paging cycles.
For Alt 2, assume there are N_rep additional PFs and let n_rep = [0..N_rep], the PF calculation formula may be modified as
eSFN mod T_eDRX = (T_eDRX div N)*(eUE_ID mod N) + n_rep*T_rep
For either alternative, paging repetition shall be introduced, although the detailed mechanism can be different.  

Proposal 3:
Paging repetition shall be introduced for I-eDRX, and the detailed mechanism depends on the H-SFN interpretation.
Notice that with H-SFN is treated as a new frame structure, the number of repeated paging messages is limited since paging repetition can take place only within the hyper frame containing PF. To make sure that the paging message is received within the hyper frame, loose H-SFN synchronization between cells is needed.

Proposal 4:
If H-SFN is interpreted as a new frame structure on top of legacy SFN, loose H-SFN synchronization between cells is needed.

3 Conclusion

It is proposed to discuss and decide on the following proposals:
Proposal 1: 
Regardless of the interpretation of H-SFN, the allowed I-eDRX cycle values beyond rf1024 shall be multiples of SFN cycle (1024 frames).
Proposal 2: 
H-SFN shall be interpreted as a new frame structure on top of legacy SFN. The UE first determine the hyper frame containing PF using H-SFN, and then calculate the PF/PO within the hyper frame using legacy formula.
Proposal 3:
Paging repetition shall be introduced for I-eDRX, and the detailed mechanism depends on the H-SFN interpretation.
Proposal 4:
If H-SFN is interpreted as a new frame structure on top of legacy SFN, loose H-SFN synchronization between cells is needed.
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