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1. Introduction

In the context of the ongoing SI on Small Data Transmission Enhancements for UMTS [1], particularly pertaining to the study area on longer DRX cycle for battery savings, this paper describes one solution to allow a DRX cycle larger than 40.96 seconds (also referred to as extended DRX, or eDRX). The focus is on extended DRX in Idle mode.

The described mechanism is a simplified version of a similar solution proposed for LTE ([2]), as part of the Rel-13 WI on RAN enhancements for extended DRX in LTE ([3]).
2. Discussion

As already identified in RAN2 (from previous and current DRX extension studies), the current size of UTRA SFN (12 bit) restricts the extension of the paging DRX cycle not to exceed 40.96 seconds. One logical solution to the problem is to extend the SFN size (extra SIB bits), thus the DRX cycle length.

The following sections summarize a proposed RAN/AS-centric mechanism to efficiently extend the SFN, and some aspects related to eDRX configuration and paging. 
2.1. SFN extension
In order to allow differentiation and configuration of paging resources beyond 4096 frames, we propose to introduce the notion of a hyper-SFN (H-SFN) for eDRX operation. 
An H-SFN corresponds to cycle of 4096 radio frames, from SFN0 to SFN4095. Figure 1 illustrates the Hyper SFN structure and its relation with the SFN, assuming a total of 64 H-SFNs in the example.
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Figure 1: Hyper SFN and relation to the regular SFN in UTRA
Similar to the SFN, the H-SFN should be broadcast in system information (e.g. in SI message), via new signalling IE/bits, with no impact on legacy or non-eDRX UEs (still using the legacy SFN). For example, an H-SFN of 4-6 bits (16-64 values) would provide an extended time range of approximately 11-44 minutes.

Broadcasting the H-SFN allows the eDRX UEs to maintain synchronization to the serving cell even if its clock drifts. It also allows configuration of new and efficient eDRX paging resources (as further explained in a later section).
2.2. Configuration of eDRX cycle 
Once H-SFN is defined, it is possible to extend the value of the DRX cycle. With regard to the configuration of the extended DRX, it is suggested that the eDRX cycle (T_eDRX) for the UE is configurable by NAS, and assumed to be the same in all cells of a given paging/registration area.
2.3. Managing Paging resources for eDRX UEs
Based on the extended H-SFN mechanism, it is possible to configure paging resources that occur with periodicity longer than 40.92s. We propose that similar principle (and formula) as the legacy paging is applied, i.e. an eDRX UE identifies its paging resource based on T_eDRX (configured by NAS) and its IMSI (in USIM).
In particular, it is possible to define a paging hyper-frame (PH), being the H-SFN that contains the eDRX UE’s paging message. The PH is computed based on the T_eDRX value and the UE’s IMSI. 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.
To reduce the probability of page misses in eDRX (which could result in several minutes of delay in page response time), the network can configure a number (N) of PFs for a UE. The PFs are spaced by a normal DRX cycle and contain repetitions of the paging message for the UE. If the UE finds that its first PF after deep sleep has a poor channel quality, it can monitor the next PF within at most a few seconds of delay, thus ensuring minimal impact to the page response.
Regarding Idle mode mobility (controlled via cell selection/re-selection), when a UE moves to a different cell, it is desirable that the paging delay does not get significantly impacted due e.g. to large SFN mismatches between cells. Such impacts are considered negligible, assuming that cells within a paging area can be loosely H-SFN aligned within each other (can be up to few/ten seconds). For example, this could be achieved by each cell locally starting its H-SFN counter at a particular time of the day (e.g. from the first SFN0 at midnight). 
As said earlier, it is assumed that UE’s PH remains invariable among cells, being derived from the configured eDRX NAS parameters and the UE’s IMSI.
3. Conclusion

This contribution includes some high level description of a possible solution to extend the SFN and the DRX cycle in UTRA, focusing on Idle mode. It is proposed that such description is captured in the Study Item TR [4].  A TP proposal is provided in [5].
Though out of scope of this paper, it should be noted that the Hyper-SFN solution can similarly be used to define extended DRX cycle in connected mode, e.g. in CELL/URA_PCH.
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