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[bookmark: _GoBack]uPoD - Realizing eDRX Using TDMA FN Information
[bookmark: _Toc360020214]1.	Introduction 
A device that wants to support downlink reachability with a periodicity ranging from about 1 to 30 minutes will choose to operate using eDRX based reachability since  PSM based reachability will not allow for sufficient extension of battery lifetimes to be realized within this range as seen Figure 1 below (see [3] and [4]). 
[image: FigLifetimeShortSyncPsmEdrx_71]
[bookmark: _Ref403565061]Figure 1: Battery lifetime versus reachability using the shorter sync.
A SGSN that has received an IP packet (e.g. containing a trigger) for delivery to a target device that makes use of eDRX will, based on legacy procedures, respond by immediately sending a corresponding paging request to a BSS. When this occurs there is the possibility that the next paging based instance of reachability for the target device may occur well beyond the point in time when the BSS receives the paging request. This can be problematic considering that (a) the BSS may be limited regarding how long it can buffer a paging request while waiting for the next paging opportunity for a target device operating in eDRX mode and (b) the SGSN may consider the paging request to have failed or the device to be unreachable if it does not receive a corresponding page response within a relatively short time frame. 
As such, as a first step towards realizing a complete solution for eDRX, a basic working assumption can be adopted whereby a SGSN will have the ability to buffer downlink IP packets for extended time periods (e.g. up to 1 hour). This leaves open the challenge of how the SGSN can determine an appropriate time for taking further steps towards delivering a buffered IP packet to the corresponding target device.
2.	Synchronization and TDMA FN Information
In practice it can be expected that all cells managed by any given BSS will be synchronized from a TDMA FN perspective to a high degree such that the transmission of TDMA Frame Number sequences sent over the radio interface of these cells will at most differ by a few milliseconds. As part of Gb interface management procedures, knowledge of BSS specific TDMA FN information can be conveyed from the BSS to the SGSN thereby providing it with near real time knowledge (accurate within a few milliseconds) of ongoing TDMA frame transmissions within the overall TDMA FN space for all cells managed by any given BSS. This near real time knowledge of ongoing TDMA frame transmissions combined with knowing the IMSI, eDRX cycle and coverage class associated with a device allows a SGSN to calculate the next occurrence of the nominal paging group for that device (i.e. an IMSI based hashing algorithm that takes into account the eDRX cycle length and DL coverage class can be used to determine the nominal paging group of a device – see [2]).
3.	Complete Solution for eDRX in GERAN
3.1	Selecting an eDRX Cycle
A cell that supports eDRX shall support a set of eDRX cycle lengths subject to the requirement that each member of the set shall occur an integral number of times within the full TDMA FN space (see [1]). This set is shown in Table 3.1-1 and shall be common to all GERAN cells that support uPoD.  

Table 3.1-1. Set of eDRX Cycle Lengths
	eDRX Cycle Value (EXTENDED_DRX)
	 Target eDRX Cycle Length
	Number of 51-MF 
per eDRX Cycle (EXTENDED_DRX_MFRMS)
	eDRX Cycles per TDMA FN Space

	0
	~24.5 seconds
	104
	512

	1
	~49 seconds
	208
	256

	2
	~1.63 minutes
	416
	128

	3
	~3.25 minutes
	832
	64

	4
	~6.5 minutes
	1664
	32

	5
	~13 minutes
	3328
	16

	6
	~26 minutes
	6656
	8

	7
	~52 minutes
	13312
	4

	Note 1: 53248  51-multiframes occur with the TDMA FN space (2715648 TDMA frames)
Note 2: All remaining EXTENDED_DRX values are reserved



If the maximum amount of time that any given SGSN implementation supports for buffering a downlink IP Packet before sending it to a BSS is X minutes then devices in the RAI managed by that SGSN should not be allowed to use an eDRX cycle length that exceeds X. 
· The RAU Request shall be modified to include an indication of the eDRX cycle length selected by a device. The SGSN decides which eDRX cycle length to use based on the proposed eDRX cycle length from the device and the maximum eDRX cycle length allowed. The RAU Accept shall be modified to include an indication of the actual eDRX cycle the device is to use.
· After a device registers (performs a RAU) the serving SGSN knows its paging area and its eDRX cycle length (EXTENDED_DRX value of Table 3.1-1 included in the RAU Accept) and therefore knows how to determine the ongoing occurrences of the device’s nominal paging group as they occur within the context of each BSS managing cells in the corresponding paging area.
3.2	Managing Downlink IP Packets
When a SGSN first determines it has downlink payload to deliver for a given device and the corresponding Ready timer is not running, it calculates the next occurrence of the device’s nominal paging group by using the TDMA FN information it has for each BSS managing one or more cells in the corresponding paging area, combined with the knowledge of the IMSI and eDRX cycle. 
· The SGSN sends a paging request to each BSS in the paging area shortly before the next occurrence of the device’s nominal paging group in the cells managed by that BSS. 
· Each paging request contains information that allows a BSS to determine the next occurrence of the device’s nominal paging group (i.e. eDRX cycle length and IMSI).
· Upon receiving a paging response from a BSS the SGSN forwards the available IP packet to that BSS for delivery to the target device
4.	Proposal
It is proposed that the following key principles be agreed in order to realize support for eDRX using a pseudo synchronized network:
· An SGSN has the ability to buffer a downlink IP packet for an extended time period prior to delivering it to the corresponding target device.
· A devices uses NAS signaling (the RAU Request) to convey its preferred eDRX cycle length to the CN.
· The CN retains knowledge of when to page a device based on the device specific eDRX cycle length information provided by a device via NAS signaling.
· Shortly before the nominal paging group occurs for a given device the CN sends a paging request to one or more BSS managing cells in the registered RAI of the target device.
· The CN retains knowledge of the TDMA frame synchronization on a per BSS basis where it is assumed that all cells managed by a given BSS are effectively synchronized within a certain tolerance (e.g. to an accuracy of + or – 10 ms).
· The CN may send paging requests to different BSS at different times in an attempt to page a given target device according to its registered eDRX cycle length and the TDMA frame synchronization applicable to each BSS.
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