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Adding paging attempt counter in PS-PAGING PDU
1 Introduction
In the ongoing standardization work for the EC-EGPRS feature [1], some possible optimizations when it comes to paging strategy has been identified. This paper provides an analysis as well as proposes a solution to add paging attempt counter to the PS-PAGING PDU. It should be noted that similar functionality is already proposed to be added across the S1 interface [3] as part of paging optimization work for devices requiring Coverage enhancement. 
The analysis and conclusions also applies to a networks supporting extended DRX, irrespective of EC-EGPRS support. 
2 Analysis and proposal
First of all it is observed that the SGSN and BSS may originate from different network vendors implying that there may be no alignment when it comes to paging strategy other than the basic understanding that a Routing Area can be used as a paging area unless some more advanced paging strategy is applied. 
Secondly, it is also noted that the SGSN is the master when it comes to paging strategy, in other words it determines the area over which to page and also initiates page reattempt when there is no reply. The BSS in turn may then, as an implementation choice, decide to page in a wider area, e.g., even if the SGSN indicates page on a single BSSGP Virtual Connection Identifier  BVCI the BSS may also initiate paging in surrounding cells.  However, it should be pointed out that typically the BSS would like to page in as few cells as possible in order not to unnecessarily add load to the radio interface.  This also means that ideally the SGSN should not escalate the page to entire BSS or Routing Area as a first choice when triggering a page reattempt but  rather leave it up to the BSS to widen the area to be paged. However, at present there is no information available in the PS-PAGING PDU that would guide the BSS as to when to widen the area to be paged or increase the coverage enhancement level when sending the page request. 
Moreover, with the introduction of extended DRX (eDRX) the MS will listen to the paging channel less frequently and if a device misses the page or the page could not be sent due to paging congestion the SGSN may want to escalate the page to BBS or Routing Area in order to ensure that the page is not missed next time. At present in a mixed vendor deployment the SGSN has no choice but to widen the area at paging escalation (e.g. from single cell to entire BSS Area).  Note that for EC-EGPRS a MS that wakes up according to its eDRX cycle and does not find a matching page (or it cannot successfully read a page) using its nominal paging group will simply go back to sleep and wake up according the next paging occasion corresponding to its eDRX cycle.
In order to provide for the possibility of the SGSN employing a more advanced paging strategy the following enhancement is proposed for the PS-PAGING PDU (note that the use of these enhancements by the SGSN is optional): 
· Allow the PS-PAGING PDU to include a paging attempt counter.
The advantages with adding a paging attempt counter is that the SGSN e.g. can send a paging reattempt indicating the same area indicated by the initial paging attempt but leave it up to the BSS to widen the area taking the present radio interface load into account, see first example below in Table 1.  Alternatively the BSS may use the page attempt counter as a guide for choosing coverage class to be used in surrounding cells, see second example in Table 2.  
Table 1, First example when area to be paged is widened
	Attempt number
	SGSN
	BSS

	1
	PS-PAGING PDU (BVCI, 1st attempt)
	Page only sent in indicated cell

	2
	PS-PAGING PDU (BVCI, 2nd attempt)
	Page sent in indicated cell and few* surrounding cells

	3
	PS-PAGING PDU (BVCI, 3rd attempt)
	Page sent in indicated cell and many* surrounding cells

	4
	PS-PAGING PDU (BSS area , 4th attempt)
	Page sent in entire Routing Area


Table 2, Second example when both Coverage class and Area to be paged is modified.

	Attempt number
	SGSN
	BSS

	1
	PS-PAGING PDU (BVCI, 1st attempt, CC3)
	Page only sent in indicated cell using CC3

	2
	PS-PAGING PDU (BVCI, 2nd attempt, CC3)
	Page sent in indicated cell using CC3 and few* surrounding cells using CC1

	3
	PS-PAGING PDU (BVCI, 3rd attempt, CC3)
	Page sent in indicated cell using CC3 and many*  surrounding cells using CC3

	4
	PS-PAGING PDU (BSS Area , 4th attempt, CC3)
	Page sent in BSS Area using CC3. 


*Note:  few and many are just used to illustrate the concept and are implementation dependent. 
3 Conclusions
This paper has identified a possible optimization of when it comes to paging strategy in the BSS and the SGSN. In order to reduce unnecessary paging escalation in the SGSN and in order to help the BSS fine tune the paging strategy it is proposed to modify the PS-PAGING PDU to include a paging attempt counter. 
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