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1. Introduction
This contribution raises the issue of how to transfer the paging request message from MME to ENB within EUTRAN. It introduces the concept of usage of reference points, and discusses the pros and cons of the different possibilities.

2. Discussion
2.1. Transfer modes of paging request message

In the following discussion, we assume EUTRAN will no longer hold any central node such as the 3G RNC. Therefore, compared to a 3G SGSN, a MME will have to manage more nodes for handling paging request messages, resulting in higher processing load.

Because the connections between adjacent ENBs are anticipated for the transfer of UE active mode contexts at the time of handover [1], such connection can be also used to mitigate the above-mentioned problem. Basically, we could consider some benefits for transferring a paging request message as in Figure 1 below.
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Figure 1: Paging transfer on handover operation

All above modes assume that MME sends some paging request message when receiving a notification of incoming data at UPE level. The detailed behavior of the various modes are as follow :

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 point 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 point 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

· We believe that mode 1 should be avoided, since the processing load at MME to process big number of paging request indications in large routing areas is unacceptable for a single point of failure as MME.

· Mode 2 should also be avoided, since it would require the reference point ENB to be connected to all the other ENB controlling at least one cell of the same tracking area. It was already commented in past 3GPP/RAN3 meetings that EUTRAN should be designed to connect only ENB which control neighbour cells, in order to avoid unnecessary network topology complexity. Also, if the reference point ENB faces any problem, the paging becomes no longer available in the entire tracking area. And finally, the processing load problem is transferred from MME to ENB.

· Mode 3 combines some advantages compared to mode 1 and 2, that it reduces the MME processing load while minimising the number of inter ENB interface to the minimum. The processing load of the reference ENB is also reduced. However, the scheme lacks redundancy (as mode 2) and for large tracking areas, the hopping mechanism can potentially yield latency in the paging procedure.

· Mode 4 seems the preferred mode, since in addition to advantages of mode 3, it brings some redundancy and limits the latency of the paging procedure to a minimum number of hops.

The pros and cons of the different above modes are summarised in the below table. 

	
	Mode 1
	Mode 2
	Mode 3
	Mode 4

	Inter ENB Connection
	No
	Across Tracking Area
	With neighbour only
	With neighbour only

	Redundancy
	Full
	No
	No
	Yes

	MME processing load
	High
	Minimum
	Minimum
	Low

	ENB processing load
	Very Low
	High
	Medium
	Medium

	Paging transfer delay
	Minimum
	Low
	High
	Low


Table 1: Analysis of the proposed modes
3. Conclusion
We have introduced the concept of reference point ENB(s) (as in above modes 2, 3 and4) for the purpose of transferring paging request messages in large tracking areas. We have also shown its advantages compared with other schemes. Based on the above discussion, we believe that the reference point ENBs needs to be newly defined for EUTRAN. 

Thus, we suggest adding a clause 6.13 “Paging Control in LTE_IDLE” describing the above contents to the RAN3 internal technical report [2], as proposed in [3].
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