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Realizing Extended DRX for uPoD
1. Introduction
As described in [1], MTC devices that support Use Case 1 (Network Triggered Reporting) will need to make use of Extended DRX (eDRX) based reachability when their preferred periodicity of reachability is in the range of several seconds to minutes in the interest of realizing extended battery lifetime targets (i.e. there will be a range of periodic reachability for which the use of PSM will not be acceptable). However, the GSM system currently limits the periodicity of a paging group to a maximum of once every 9 51-multiframes (determined by the value of BS_PA_MFRMS) which translates to a paging group periodicity of about 2.1 seconds, see [3]. As such, a method is needed for substantially extending the time period over which a single instance of a nominal paging group (i.e. a DRX cycle) can occur. 
This paper outlines how to realize DRX in GSM extending beyond the current maximum cycle duration.
2. Extending Paging Group Periodicty
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. When substantially extending the length of DRX cycles it is important to impose the requirement that all supported DRX cycle lengths necessarily occur an integral number of times within the overall TDMA FN space. This avoids the possibility of irregular reachability that could otherwise occur. For example, a paging group periodicity of exactly 20 minutes will result in the following:
· About 10.45 instances of a paging group having a 20 minute periodicity occurs within a full cycle of the FN space. 
· This means that about 55% of devices that make use of a 20 minute paging group periodicity will not experience an 11th instance of their corresponding nominal paging group whereas about 45% will experience an 11th instance over the full TDMA FN space. 
3. Realizing Extended DRX for uPoD
A set of possible Extended DRX cycles that can be supported within cells that support power efficient operation (PEO) are shown in Table 1. The upper limit of DRX cycle lengths supported by a cell that supports power efficient operation (PEO) can be indicated by a new field included within system information (eDRX_MAX). The reception of this system information implicitly indicates that the corresponding cell supports power efficient operation (i.e. the cell supports both Extended DRX based reachability and PSM based reachability). MTC devices that prefer a periodicity of reachability greater than that indicated by this system information will operate using periodic RAU (i.e. PSM) based reachability.
When sending a GPRS Attach Request or RAU Request a device includes a new parameter called EXTENDED_DRX (4 bit field) selected from the set of possible Extended DRX values of Table 1 whose corresponding Extended DRX cycle length does not exceed the maximum allowed Extended DRX cycle length indicated by system information. 
Table 1 – Possible Extended DRX 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



When sending a paging request to a BSS the SGSN includes the value for EXTENDED_DRX it has stored for the target device along with the corresponding IMSI thereby allowing the BSS to determine the Extended DRX cycle of the target device and its nominal paging group within each DRX cycle as follows:
· The number of paging groups within a given Extended DRX cycle is determined based on PCH_BLKS_MFRM (the number of PCH blocks per 51-multiframe available for paging, determined using the Control Channel Description IE as per legacy methods) and EXTENDED_DRX_MFRMS (the number of 51-multiframes per Extended DRX cycle).
· PAGING_GROUP is the nominal paging group within an Extended DRX cycle corresponding to a given MTC device. PAGING_GROUP (0 ... N‑1) = IMSI mod N, where N is the number of paging groups per Extended DRX Cycle = PCH_BLKS_MFRM x EXTENDED_DRX_MFRMS.
· The required 51-multiframe (i.e. the 51-multiframe in the Extended DRX cycle containing the nominal paging group) occurs when PAGING_GROUP div (N div EXTENDED_DRX_MFRMS) = (FN div 51) mod (EXTENDED_DRX_MFRMS).
· The required paging group (i.e. the specific paging group in the required 51-multiframe that is the nominal paging group) is determined by PAGING_GROUP mod (N div EXTENDED_DRX_MFRMS).

For example, if the target Extended DRX cycle length is ~26 minutes (EXTENDED_DRX = 8) and PCH_BLKS_MFRM = 8 we get the following:
· N =  PCH_BLKS_MFRM * EXTENDED_DRX_MFRMS = 8 * 6656 = 53248
· IMSI = 00000000  10001001  00110000  00000001 = 4796417
· PAGING_GROUP = 4796417 mod 53248 = 4097
· The required 51-multiframe occurs when PAGING_GROUP div (N div EXTENDED_DRX_MFRMS) = 4097 div 8 = 512 = (FN div 51) mod (EXTENDED_DRX_MFRMS) which occurs starting with the 513th 51-MF in each DRX cycle.
· The required paging block = 4097 mod (53248 div 6656) = 4097 mod 8 = 1 (i.e. the 2nd paging group in 51-MF #513 in each of the 8 Extended DRX cycles associated with EXTENDED_DRX = 8 is the nominal paging group for IMSI = 4796417). Note that paging groups 4096, 4097…4103 occur in the 513th 51-MF.
4. Proposal
In light of the discussion herein it is proposed that the uPoD TR be updated to support the extension of DRX in GSM beyond the current maximum cycle duration (see [4]).
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