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1. Introduction

In RAN3#51, four kinds of transfer modes of paging request message were presented and have been included into the latest R3.018 up to now. In this paper, we try to discuss their pros and cons and propose a new solution integrating the advantages of the Mode 1 and Mode 4.  Details of the discussion and corresponding solution are described as follows.
2. Discussion
2.1. Description of the four known transfer mode
Figure 1 derived from the R3.018 describes the four known transfer modes of paging request message.

The definition of these modes can be referred to the R3.018, and listed as follows to discuss conveniently. 
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Fig. 1  Transfer modes of paging request message
Mode 1:  MME sends the paging request to all ENB that controls one cell contained in the tracking area.

Mode 2: MME sends the paging request to only one reference ENB which controls a reference cell in the tracking area. The cell can be for instance the cell used by the mobile to camp in the tracking area, or any predefined cell, or could be chosen randomly within the tracking area. Then the reference ENB transfers the paging request message to all the other ENBs which control at least one cell of the tracking area.

Mode 3:  Similarly to mode 2, MME sends the paging request to only one reference point. The ENB forwards the paging request to only its direct neighbor ENB. The neighbor ENB then propagates the paging request to the other ENB controlling cells of the tracking area. Predefined propagation rules can be defined so as to avoid (or minimize if redundancy is desired) the duplication of paging requests. We can also envisage dynamic propagation rules, depending on the choice of the reference cell made by MME.

Mode 4:  Similar to mode 3, except that more than one reference points are used.
2.2. Pros and cons of the four known transfer modes
In this section, we provide table 1 in which performance characters of different modes are analyzed.
Tab. 1
	Performance character 
	Mode 1
	Mode 2
	Mode 3
	Mode 4

	Paging latency
	Shortest
	Shorter
	Long
	Short

	Robustness
	Good
	Bad
	Bad
	Good

	Complexity(of introduced  protocols and procedures)
	Least
	Middle
	Middle
	Most

	Complexity(of selection algorithm for reference eNodeBs)
	Least（no reference eNodeB）
	Middle
	Middle
	Most

	Transport resource consumption(of the fixed network)
	Most
	Least
	Least
	Middle

	Paging range 
	Whole TA
	Whole or part of TA
	Whole or part of TA
	Whole or part of TA

	Needed Interfaces between eNodeBs
	Least
	Most
	Middle
	Middle


From the table 1, we can draw the following views:
Paging latency of mode 1 is the most outstanding in the all four modes. But, it is necessary for mode 1 to page an UE in the whole TA. And its consumption of transport resource is the most.

Although Mode 4 is good at Robustness of paging, and middle at transport resource consumption, complexity of introduced protocols and procedures by it is most.
Mode 2 dominates in performances of Paging latency than mode 3, but it needs to be full meshed between the eNodeBs.
Other aspects of table 1 can be interpreted by themselves.
2.3. The proposed solution for paging  

According to the above analysis, we don't see an ideal solution adapting to all cases inwhich possibly different paging latency or different transport resources for paging are needed, etc.
In addition, the following viewpoints could be drawn: 

It can be foreseen that mode1 will be the best transfer mode for paging type charactered by the stringent latency.

It can be foreseen that mode 4 will be the best transfer mode for paging with lessened transport resources and no strict latency requirements.
Based on the above viewpoints, it will naturally be thought out to combine mode 1 and mode 4 into an integrated paging solution which adequately considers the paging latency associated with service type of incoming data.

The solution can be described in detail:

1) Once incoming data arrives at the UPE, the UPE analyzes its service type immediately.
2) In case that incoming data require the stringent paging latency, e.g. real time services need the immediate paging to locate the user, UPE will inform MME to page the UE by Mode 1.
3) In case that incoming data requires no stringent paging latency, e.g. non real time services don't need immediate paging to locate the user, UPE will inform MME to page the UE by Mode 4.

Note: Judging whether the incoming data is stringent or not can be implemented by other technologies, such as threshold technology. 
3. proposals

By the above discussion, we propose that these paragraphs could be captured into clause 6.14.2 of R3.018 wholly or partly:
During actual paging processing, one of the four modes or their combination could be used to implement paging to UE. 

In case that combining solution of several modes is deployed, the service characters, such as service type, could be used to decide the service specific paging mode, such as mode 1 or mode 4.
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