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Introduction
As described in 3GPP TS 44.018, a mobile station that has enabled EC operation where eDRX is used wakes up to read its nominal paging group according to its negotiated eDRX cycle. If it receives a message therein that is not a matching page and the EC Page Extension field in the message indicates page extension is enabled for its downlink coverage class, it shall proceed as follows:
· The MS sets its eDRX cycle to the lowest eDRX cycle and recalculates its nominal paging group using the lowest eDRX cycle.
· It then attempts to read one additional paging message instance using the first instance of its newly calculated nominal paging group (calculated using the lowest eDRX cycle) that occurs after the last TDMA frame it used to receive the message indicating page extension is enabled for its downlink coverage class.
· When reading the additional paging message instance (calculated using the lowest eDRX cycle) and finding a matching page therein it shall act on that message. Otherwise, it assumes there is no deferred page for its downlink coverage class and therefore sets its eDRX cycle back to its negotiated eDRX cycle, recalculates its nominal paging group using the negotiated eDRX cycle, remains in packet idle mode and waits for the next instance of its nominal paging group (calculated using its negotiated eDRX cycle).
Reducing Paging Delay
A drawback of the current approach (described above) is that it results in deferred pages transmitted using paging extension being delayed in the BTS for as much as about 8 51-MF (~2 sec) when considering devices using coverage class 4. This is not desirable for the following reasons:
· The greater the delay in sending a deferred page the greater the demand on the BTS memory for buffering deferred pages. If BTS memory availability becomes problematic the BTS can be forced to discard one or more of the buffered pages subject to page extension or it may discard newly received EC-CCCH messages from the BSC.
· The greater the delay in sending a deferred page the greater the amount of time a MS spends performing the page – page response procedure which means less time is spent in deep sleep (wherein the greatest battery savings can be realized) and the greater the delay in delivering downlink payload (i.e. a N-PDU) to a MS.
· The BSS and MS processing requirements for determining the specific paging resources that are to be used for page extension are unnecessarily demanding using the current approach (i.e. less complex methods requiring less processing power are possible).
A simplified approach can be used to reduce the amount of time a BTS has to buffer deferred pages when using the page extension feature wherein an MS, upon detecting page extension has been enabled for its downlink coverage class (CC), reads the next paging group corresponding to its downlink CC according to the following principles:
· There should be a gap of at least a 1 EC-PCH block between the end of the EC-PCH block read by a MS according to its nominal paging group and the start of the EC-PCH block it uses for page extension. This gives the MS enough time to process the message received in the EC-PCH block corresponding to its nominal paging block before having to read an additional EC-PCH block according to page extension.
· The additional EC-PCH block read in response to detecting page extension is enabled for its downlink CC shall not overlap with any EC-PCH/EC-AGCH blocks that are known be in use for sending an EC-PCH/EC-AGCH to another MS of the same or higher downlink CC (this can be determined by a MS based on the “Used DL CC” indicated by the message received in the EC-PCH block corresponding to its nominal paging group). 
· The EC-PCH block read in response to detecting page extension starts in a valid 51-MF according to the coverage class specific rules that determine where an EC-PCH message can be started.
Using this simplified approach for page extension the delay can be as small as 4 TDMA frames (~19 ms) for a CC1 MS or as large as about 4 51-MF (~1 sec) for a CC4 MS. This simplified approach is captured in Table 1 below where:
· The rows reflect the CC of a MS looking for a page and the columns indicate the CC corresponding to message being sent by the BSS. 
· PG (Paging Group) represents the start of the coverage class specific EC-PCH block corresponding to the nominal paging group of an MS attempting to read a page (see 3GPP TS 45.002 for details on coverage class specific EC-PCH blocks). 
· The start of the coverage class specific EC-PCH block used for page extension is expressed as an offset relative to PG (where the value of the offset indicates the number of coverage class specific EC-PCH blocks comprising the offset).

Table 1: Page Extension Using Fixed Offset
	
	Downlink Coverage Class of Ongoing Blind Transmission

	
	
	CC1
	CC2
	CC3
	CC4

	       Downlink CC
       of MS Requiring 
       Page Extension
	CC1
	PG + 2
	PG + 4
	PG + 8
	PG + 8

	
	CC2
	-
	PG + 4
	PG + 4
	PG + 2/61

	
	CC3
	-
	-
	PG + 2
	PG + 1/32

	
	CC4
	-
	-
	-
	PG + 2



Note 1: that Page Extension is determined using PG + 2 when a CC2 MS requires page extension if it determines that a CC4 page is ongoing from TDMA frames 35 to 50 on MF N/N+1/N+2/N+3. Page Extension is determined using Paging Group PG + 6 when a CC2 MS requires page extension if it determines that a CC4 page is ongoing from TDMA frames 19 to 34 on MF N/N+1/N+2/N+3.
Note 2: that Page Extension is determined using Paging Group PG + 1 when a CC3 MS requires page extension if it determines that a CC4 page is ongoing from TDMA frames 35 to 50 on MF N/N+1/N+2/N+3. Page Extension is determined using Paging Group PG + 3 when a CC3 MS requires page extension if it determines that a CC4 page is ongoing from TDMA frames 19 to 34 on MF N/N+1/N+2/N+3.

Example 1: An MS has selected CC1 and is monitoring B5 (FN [29,30]) in 51-multiframe 0 as its nominal paging group when it determines that a message is being sent to CC4 and page extension is enabled for CC1. It responds by adding an offset of 8 CC1 EC-PCH blocks to arrive at B13 (FN [45, 46] in 51-multiframe 0) which it uses for page extension as shown in Figure 1.
Example 2: An MS has selected CC2 and is monitoring B1 (FN [27,34]) in 51-multiframes 0 and 1 as its nominal paging group when it determines that a message is being sent to CC4 and page extension is enabled for CC2. It responds by adding an offset of 6 CC2 EC-PCH blocks to arrive at B3 (FN [43, 50]) in 51-multiframes 2 and 3 which it uses for page extension as shown in Figure 2.
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Figure 1: Example of CC1/CC4 paging extension
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Figure 2: Example of CC2/CC4 paging extension

In the approach taken in Figure 1, one could have considered to only minimize paging buffer time and to allow the MS to monitor the paging extension block at B8 (as soon as the CC4 block has finished). This would however, cause paging blocks for paging extension not to be evenly distributed in time and would increase the paging blocking rate.
Conclusion
In the interest of simplifying implementation and buffering requirements in the BTS, the procedure for realizing page extension currently described in 3GPP TS 44.018 should be modified to use a fixed offset in the paging block calculation as shown in Table 1.
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