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1 Introduction
In RAN#68, a new WI was approved [1] and its objective is to provide RAN specifications for power saving enhancements. Two detailed objectives of this work item are:
· DRX enhancements in Idle mode: (RAN2, RAN3, RAN4)

· DRX extensions that are applicable for both beyond and within the SFN limit of 40.96 sec
· DRX enhancements in connected mode (i.e. CELL_PCH and URA_PCH)  (RAN2, RAN3, RAN4)
· DRX extensions up to a limit subject to SA2 approval: 
· RAN2 should liaise with SA2 working with the WID “Extended DRX cycle for Power Consumption Optimization” and further evaluate the proposed extension taking into account the SA2 feedback.
At the SA2#110, there was approved LS to RAN2 [2] on this connected mode issue, which says:

For UTRAN, it is advised that the maximum C-DRX value should take into account the fact that some NW originated NAS procedures fail after 30 seconds. Therefore, the maximum C-DRX cycle length adopted for Rel-13 should be sufficiently smaller than 30 seconds, and should consider possible delays due to lower layer errors recovery in a way that NW originated NAS procedure failure rate is not affected by introducing extended C-DRX.
In this contribution, we provide the consideration for DRX extension beyond the SFN limit of 40.96 sec. Since the DRX extension beyond 40.96 sec currently is only determined in idle mode, the following analysis just consider the idle mode.
2 Discussion

In current UMTS system, the value of Paging Occasion is calculated as follows:

Paging Occasion=
{(IMSI div K) mod (DRX cycle length div PBP)} * PBP + n * DRX cycle length + Frame Offset




Where n = 0,1,2… as long as SFN is below its maximum value.

UE calculates which Radio Frame to monitor the PICH. If the SFN is below the maximum SFN limit 40.96 sec, UE can get one SFN matching the above equation. Thus reusing the equation to calculate the Paging Occasion, the DRX cycle could not be extended beyond 40.96 sec.

To extend the DRX cycle beyond 40.96 sec, two solutions are discussed during the SI stage, timer based eDRX solution and H-SFN based solution [3]. In the following section, both solutions are analyzed.
2.1 Timer based eDRX

The timer based eDRX relies on timers in the UE and SGSN. The UE and the SGSN negotiate a sleep period (Tsleep) and a DRX period (TDRX) timer value via NAS procedures. And the timers of Tdrx in the UE and the SGSN are started when the UE enters idle mode. The UE is alternating in either a sleep period (Tsleep) or a DRX period (TDRX) when the UE is not receiving and transmitting data. When the UE is in the Sleep period (e.g. deep sleep mode) the UE is not reachable. In the DRX period (paging window) the UE listens to the legacy Paging Occasions to enable reception of DL data [3].

Pros:

· It has limited impact to RAN. The SGSN controls when the paging starts (based on the timer) and the RAN only forward paging on the Paging Occasions calculated per legacy DRX. No modification to the RAN is required thus a legacy RAN is able to page the UE supporting DRX extensions.

Cons:
· Synchronization between the UE and the SGSN is required. The clock drift for the maximum DRX cycle should be considered to avoid missing the paging.

· Not efficient enough to distribute the paging load for the UEs supporting extended DRX cycle

2.2 H-SFN based eDRX

The H-SFN (hyper-SFN) based solution extends the DRX cycle length beyond 40.96 by extending current SFN size limits.

In particular, it is possible to define a paging hyper-frame (PH), being the H-SFN that contains the eDRX UE’s paging message. And the H-SFN will be broadcast to the UE; this can ensure the synchronization of the UE and the network. 

Similarly to legacy paging, an eDRX UE can identify its PH based on T_eDRX (configured by NAS) and its IMSI (in USIM). Within its PH, the UE locates its paging resource in a paging frame (PF) which in turn contains the UE’s paging occasion (PO). The configuration of UE-specific PH also allows an efficient paging load distribution, as it enables grouping of UEs in different PHs [3].
Pros:

· Synchronization can be ensured.

· Efficiently distribute the paging occasion of the UEs to the extended DRX cycle, thus improve the paging efficiency
Cons:
· RAN modification is needed for this solution. e.g: the H-SFN should be broadcast via system info.

Obviously both solutions have pros and cons, timer based solution doesn’t impact RAN, but there might be clock drift issues which may need more than one legacy DRX cycle to avoid paging missing; while H-SFN based solution looks more straightforward but require updates in both RAN and CN for which the impacts are big. So it is proposed RAN2 to discuss the two solutions and make a decision.
Proposal 1: It is proposed RAN2 to discuss and make a decision between the two solutions: timer based and H-SFN based, for DRX extensions beyond 40.96 sec.
3 Conclusion

In this contribution, solutions for DRX extension beyond 40.96 sec are analyzed, and it is proposed that: 
Proposal 1: It is proposed RAN2 to discuss and make a decision between the two solutions: timer based and H-SFN based, for DRX extensions beyond 40.96 sec.
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