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1 Introduction
In the RAN2#52 meeting in Athens, initial proposals on paging were discussed. The discussion was concentrated mainly on the delivery of paging signal to the UE. However, many other details regarding the “network initiated connection establishment” procedure remain to be discussed and agreed on. 

In this paper, we highlight the issues which are needed to be discussed in design of “network initiated connection establishment procedure” for LTE and discuss ways of improving the procedure used in UTRAN to achieve a fast connection to the network as well as improving radio resource utilisation.
2   Discussion

The network initiated connection establishment procedure can be considered to be consisted of four main steps as shown in Figure 1. 
1). The network initiates the connection establishment procedure by transmitting a paging signal. The connection establishment may be triggered by the reception of data which is intended for an Idle state UE at the aGW (i.e. UPE). Step 1 involves that the MME/UPE identifies tracking area which the UE is registered to and then requests the eNode-Bs, which are belongs to the tracking area to page the UE in those cells. The corresponding eNode-Bs transmit the paging signal in the cell. The delivery of paging signal to the UE is discussed up to some extent during the previous RAN2 meetings. 
2). After receiving the paging signal, if the paging is intended for the UE, the UE initiates a connection establishment procedure to RAN. The optimization of connection establishment to RAN is necessary and be further discussed in detail in this document.
3). The network configures the bearer for the traffic transmission.
4). The network initiated connection establishment is completed with transmission of data traffic to/from the UE.
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Figure 1: Example of network initiated connection establishment procedure.

In the current system, the connection establishment to a paging message (network initiated connection) follows the same procedure, if the connection establishment is performed responds to a “terminal initiated connection”.  This involves RRC connection request/setup procedure. In the later case, the establishment cause is not known to the network until a connection request message is received by the UE. Therefore, the network can manage the connection setup only after receiving the initial connection request from the UE. However, in the case of network initiated connection, the network has known the cause of the connection establishment before it pages the UE. 

In addition, in LTE, the UE is always connected (PMM connected) to the core network regardless of its RRC connection status (i.e. whether RRC connected or RRC idle). This means that the UE is authenticated and the UE information (i.e. UE capabilities, etc) is stored at the core network node. Also, the UE is given an IP address and ciphering keys are exchanged between the network and the UE. 

This means that all the information which is needed to establish a connection is known to the network for the network originated call even before the paging is sent to the UE. The only information is not known at the network is the UE location at cell level (i.e. which cell the UE is in). Thus, Step 2 may be replaced with “paging acknowledgment” message, which is sent by the UE informing its location to the network. After receiving the paging acknowledgment, the eNodeB may retrieve the UE information from the aGW. The signalling involves in the process (step 2) is shown in Figure 2.
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Figure 2: A possible connection establishment for “network initiated call” in LTE

This mechanism of necessary information retrieval from aGW over S1 interface reduces the signalling overhead over the air interface, as only the paging acknowledgment to be transmitted over the air. Note that the paging acknowledgment message can be designed to be much shorter than the RRC connection request/setup messages. Not only this mechanism reduces the signalling overhead hence the efficient resource utilisation but also this speeds up the connection establishment procedure.
However, paging acknowledgment based connection establishment procedure requires some way of binding of the paging acknowledgment to the UE, which the paging signal was intended for. One possible solution is to use C-RNTI as a binding medium. 
After receiving the paging signal from aGW, the eNode-B needs to check for the paging group to which the UE belongs to and the paging occasion based on the DRX timing. In addition, the eNode-B assigns each paging signal a C-RNTI and attached the assigened C-RNTI to the paging signal. The complete signal (i.e. paging signal with appended C-RNTI) is broadcast in the cell.
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Figure 3: Graphical presentation of the proposed network initiated connection establishment.

After receiving the paging signal, if the UE ID (i.e. IMSI or TMSI) matches the ID within the paging signal, the UE acknowledge the reception of the paging signal by transmitting the C-RNTI which is signalled to the UE together with the paging signal. An example of possible realisation of paging acknowledgment based connection establishment procedure is shown in Figure 4.
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Figure 4: Example of possible realization of paging acknowledgment based network initiated connection establishment 
2 Conclusion
In this paper, we discuss a network initiated connection establishment procedure which uses the information known at the network to speed up the connection between the UE and RAN. The procedure uses paging procedure to inform the UE of network initiated connection. It is shown that an acknowledgment from the UE indicating its location at cell level provides sufficient information to establish a network initiated connection.  RAN2 is requested to discuss the issues raised in this document regarding “network initiated connection establishment” and agree on the principle presented in the paper.
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