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How to realize extended DRX cycles for GSM was described in [2] at GERAN#64.
During the discussion in GERAN WG2 comments were made concerning the need to have an integral number of eDRX cycles within the overall hyperframe structure (i.e. the full TDMA FN space). This paper addresses these comments.
Existing DRX handling
The existing TDMA Frame Number (FN) space supports values ranging from 0 to 2715647 which span a time interval of 208 minutes and 53.76 seconds. The maximum DRX cycle length, allowed using the legacy BS-PA-MFRMS field, is nine 51-multiframes. This means that 5916.444 instances of these DRX cycles will occur over the entire TDMA FN space. 
A DRX cycle discontinuity will therefore occur as only 4 51-multiframes (instead of 9) will comprise the 5917th DRX cycle which ends at the point where the TDMA FN space wraps around to 0 and a new 9 51-multiframe DRX cycle starts as shown in Figure 1. As such, a device that has calculated its nominal paging group to occur within any of the last 5 51-multiframes of a 9 51-multiframe DRX cycle will not actually have its nominal paging group occur within the 5917th DRX cycle. This is not a major concern if DRX cycles are quite short since such a device will merely experience a small additional delay until its next nominal paging group occurs (i.e. an extra delay of 4 51-multiframes or about 942ms using the example of a 9 51-multiframe DRX cycle).
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[bookmark: _Ref406656703]Figure 1. DRX Cycle Discontinuity
TDMA FN Space Wrap Around with eDRX 
EC-GSM devices that support Network Triggered Reporting are expected to support reachability with a periodicity that can vary from several seconds to several hours (i.e. variable latency requirements can be expected for these devices where the greater the latency a device can tolerate the better its battery lifetime). As discussed in [1] it will be substantially more power efficient for a device to realize a periodicity of reachability ranging from about 1 to 30 minutes using eDRX whereas PSM can be used for reachability periodicities exceeding 30 minutes. 
However, when considering eDRX cycles in the order of minutes, special care must be taken to ensure MTC devices do not experience substantial interruptions to their eDRX cycle length when TDMA FN space wrap-around occurs. 
· For example, if a MTC device attempts to operate using a 10 minute eDRX cycle length, this translates into about 2549 51-multiframes per eDRX cycle where a total of 20.89 of these eDRX cycles will occur over the entire TDMA FN space. 
· This means that a device that calculates its nominal paging group to occur within any of the last 281 51-multiframes of a 2549 51-multiframe eDRX cycle will not actually have its nominal paging group occur within the 21st eDRX cycle (see Figure 2). 
· This results in such a device experiencing a major delay until its next nominal paging group occurs (i.e. an extra delay of 2268 51-multiframes or about 8.9 minutes using the example of a 2549 51-multiframe eDRX cycle).
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[bookmark: _Ref406656728]Figure 2. eDRX Cycle Discontinuity
The longer the eDRX cycle is the greater the possible delay from the last occurrence of a device’s nominal paging group prior to TDMA FN space wrap-around until its first occurrence after TDMA FN space wrap-around. As such, to avoid the possibility of substantial delays in device reachability that can occur at TDMA FN space wrap-around, it is proposed to adopt the requirement that all supported eDRX cycle lengths necessarily occur an integral number of times within the overall TDMA FN space. 
Working Assumption 1: To avoid the possibility of substantial delays in device reachability that can occur at TDMA FN space wrap-around, it is proposed that MTC devices only operate using eDRX cycle lengths that occur an integral number of times within the full TDMA FN space. 
Way Forward
Table 1 provides a set of pre-defined eDRX cycle lengths that can be supported in a cell that supports eDRX based reachability. 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 MTC devices operating in these cells should not attempt to make use of eDRX cycles lengths that exceed X minutes (see [3]). 
When sending a RAU Request, a device can include a new parameter called EXTENDED_DRX (4 bit field) and wait for the RAU Response to determine the eDRX cycle length supported/allowed by the SGSN. Alternatively, a multiplication factor N based method can be used whereby a value for N is included in a RAU Request such that the preferred eDRX cycle length is expressed as N*BS-PA-MFRMS where BS-PA-MFRMS is the legacy parameter used to indicate the DRX cycle length used in a cell. 
· For example, if BS-PA-MFRMS = 8 and a devices wants to use an eDRX cycle length of ~ 4 minutes (i.e. 1024 51-multiframes) then N = 128.
· With the requirement that all eDRX cycle lengths occur an integral number of times within the full TDMA FN space (i.e. as per the 3rd column of Table 1) then BS-PA-MFRMS will be limited to values 1, 2, 4, and 8 since only these values allow the multiplication factor N to consist of a whole number so that N*BS-PA-MFRMS can have a value included within column 3 of Table 1.
· Depending on the value of BS-PA-MFRMS and the preferred eDRX cycle length, the value of N can grow to require 14 bits of space and as such the method of including an EXTENDED_DRX value (a 4 bit field) in the RAU Request may be the preferred approach. 
· Both methods for indicating the preferred eDRX cycle of a device are logically equivalent (i.e. they both require the inclusion of a new field in the RAU Request/RAU Accept that allow the SGSN to determine the preferred eDRX cycle) except that the multiplication factor approach will impose restrictions on the value of BS-PA-MFRMS sent in system information.
Working Assumption 2: A pre-defined set of eDRX cycle lengths that span the range ~30 seconds to ~52 minutes shall be supported for EC-GSM (i.e. those defined in Table 1). 
Working Assumption 3: A RAU Request/RAU Accept includes a new parameter called EXTENDED_DRX (4 bit field) to indicate eDRX cycle length information (i.e. a multiplication factor shall not be included). 
Table 1. Set of eDRX Cycles Supported
	Extended DRX Cycle Value (EXTENDED_DRX)
	 Target Extended DRX Cycle Length
	Number of 51-MF per Extended DRX Cycle (EXTENDED_DRX_MFRMS)
	Extended DRX Cycles per TDMA FN Space

	0
	~30 seconds
	128
	416

	1
	~60 seconds
	256
	208

	2
	~2 minutes
	512
	104

	3
	~4 minutes
	1024
	52

	4
	~6.5 minutes
	1664
	32

	5
	~8 minutes
	2048
	26

	6
	~13 minutes
	3328
	16

	7
	~16 minutes
	4096
	13

	8
	~26 minutes
	6656
	8

	9
	~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



Proposal
It is proposed that the working assumptions listed above be used to avoid the possibility of substantial delays in device reachability that can occur at TDMA FN space wrap-around when eDRX is supported within EC-GSM cells. 
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