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GERAN Paging Procedures

1 Introduction

The CN (e.g. 3G SGSN) may at any time receive a Downlink PDU for delivery to an MS. The case where a 3G SGSN is only connected to the GERAN via the Iu-ps interface is considered herein. For this case, how the 3G SGSN proceeds to deliver the Downlink PDU is determined by PMM state of the associated MS as follows:

· If PMM state is “PMM-Detached” the 3G SGSN will not attempt delivery of the Downlink PDU.

· If the PMM state is “PMM-Idle” the 3G SGSN will attempt delivery of the Downlink PDU as described in section 2 below.

· If the PMM state is “PMM-Connected” the 3G SGSN will attempt delivery of the Downlink PDU as described in section 3 below.

2 PMM Idle State

2.1 Downlink PDU Delivery Procedure – RRC Idle State

In the PMM Idle state the MS location is known in the 3G-SGSN with an accuracy of a Routing Area (RA). The MS sends a routing area update message (PMM) whenever it detects a change in RA as a result of cell-reselection.  Note that the RA that a cell belongs to is identified by the Location Area Identity (LAI) and Routing Area Code (RAC) broadcast on the BCCH/PBCCH in that cell.  For the PMM Idle state paging is needed in order to reach the MS for e.g. Downlink PDU delivery. The MS and 3G‑SGSN shall enter the PMM Connected state when a PS signaling connection is established between the MS and the 3G‑SGSN. The PS signalling connection is made up of two parts, an RRC connection and an Iu connection.  Assuming only a packet switched core network, the RRC Idle state is the only RRC state possible when the MS in the PMM Idle state.

Upon receiving a Downlink PDU for an MS considered to be in the PMM Idle state, the 3G SGSN first sends a Paging message (RANAP) to the GERAN associated with the RA of the target MS.  Upon receiving the Paging message the GERAN determines that it has no context for the indicated MS (i.e. the RRC state is Idle).  The GERAN therefore sends an Paging Request message (RRC) on the appropriate paging subchannel on CCCH or PCCCH according to the DRX capability of the target MS. Note that the GERAN broadcasts the Paging Request message over the CCCH/PCCCH in each cell within in the indicated RA as follows: 

· Paging using a paging subchannel on PCCCH applies when a PCCCH is provided in the cell.

· Paging using a paging subchannel on CCCH applies when a PCCCH is not provided in the cell.

A Paging Request message may include more than one MS identity. In this case (RRC state = Idle) the Paging Request message will contain a non-access stratum identity (e.g. IMSI or P-TMSI) as no access stratum identity (e.g. G-RNTI) is currently assigned to the target MS.

On receipt of a Paging Request message, RRC in the target MS invokes the RRC Connection Establishment procedure in order to send an RRC Connection Request message to the GERAN. Note that sending an RRC Connection Request message (RRC) requires that MAC first sends a Packet Channel Request message (MAC) or an EGPRS Packet Channel Request message (MAC) on a contention basis and then receives a Packet Uplink Assignment message (MAC) in response. Upon successful completion of RRC Connection Establishment procedure, Connection Management (CM) in the MS determines that a Service Request message (CM) is to be sent to the 3G SGSN. The Service Request message is sent to the 3G‑SGSN in order to establish the PS signalling connection for the upper layer signalling or for the resource reservation (RAB establishment procedure) for active PDP context(s). It also serves a logical page response allowing the 3G SGSN to verify the availability of the target MS.  Note that the Service Request message is carried over the air interface using a Direct Transfer message (RRC) and over the Iu interface using an Initial UE Message (RANAP).  Once the appropriate RAB(s) have been established the 3G SGSN proceeds with the delivery of the Downlink PDU to the target MS.




















Figure 1:  Downlink PDU Delivery for PMM Idle

1)
The 3G‑SGSN receives a Downlink PDU for an MS in PMM Idle state.  

2)
The 3G‑SGSN sends a Paging message (IMSI, P‑TMSI, Area, CN Domain Indicator) to each BSS in the Routing Area in which the MS located.  IMSI is needed by the BSS in order to calculate the MS paging group and to identify the paged MS.  If the 3G‑SGSN has assigned a P‑TMSI to the MS, P‑TMSI is also included.  Area indicates the Routing Area in which the MS is paged. CN Domain Indicator indicates which domain (MSC or SGSN) initiated the paging message, so in this case it indicates "SGSN".

3)
The BSS determines whether or not the MS has an established RRC connection.  In this case the MS has no RRC connection (i.e. RRC state = Idle), so paging is performed using a Paging Request message (IMSI or P‑TMSI, Paging Originator).  The Paging Request is transferred on the appropriate paging channel (i.e. according to the DRX of the target MS) with IMSI or P‑TMSI used to identify the MS. Paging Originator indicates whether this is core network originated paging or GERAN originated paging, so in this case it indicates "CN".  

4,5,6)
On receiving the Paging Request message the MS determines that it has been paged for a PS service.  Since it has no RRC connection the MS must first establish one, see [1]

7)
The MS can now respond to the PAGING REQUEST message by invoking the Service Request procedures.  The Service Request procedures require that the MS transmits a SERVICE REQUEST message (CM). 

The MS then sends the SERVICE REQUEST message (CM) to the GERAN according to its assigned uplink resources.  The SERVICE REQUEST message is carried within a DIRECT TRANSFER message (RRC).  The Service Request (P‑TMSI, RAI, CKSN, Service Type) has a Service Type that specifies Paging Response. At this point, the 3G-SGSN may perform the authentication procedure. The 3G-SGSN knows whether the downlink packet transaction requires RAB establishment (e.g., downlink PDU) or not (e.g., Request PDP Context Activation or MT SMS).

8)
The GERAN relays the payload carried in the DIRECT TRANSFER message into an INITIAL UE MESSAGE (RANAP) which results in the SERVICE REQUEST being delivered to the 3G SGSN.

9)
For the case where the 3G SGSN is attempting delivery of a downlink PDU it sends a RAB Assignment Request message (RANAP) to GERAN to establish a RAB. The message contains e.g. RAB ID, protocol modes, Iu Transport Association and RAB parameters (traffic class, maximum bit rate, transfer delay etc). One or more RABs may be affected by sending this message. There is one RAB per active PDP Context. The SGSN chooses one of its available NSAPIs as RAB ID. The Iu Transport Association information element is included to associate the RAB ID with a corresponding user plane connection. In the PS domain the Iu Transport Association information element consists of the GTP Tunnel Endpoint Identifier (GTP TEID).

10)
GERAN establishes appropriate radio bearers by transmitting a Radio Bearer Setup message (RRC). The Radio Bearer Setup message is sent in a DL RLC data block [address: DL TFI] and contains e.g. RB ID, RAB ID and protocol modes.

11)
If the Radio Bearer setup is successful the MS responds with the Radio Bearer Setup Complete message (RRC).  The Radio Bearer Setup Complete message is sent in an UL RLC data block [address: Uplink TFI, G-RNTI for contention resolution].

12)
The BSS returns a RAB Assignment Response message (RANAP) to the SGSN. If the SGSN receives a RAB Assignment Response message with a cause indicating that the requested QoS profile(s) can not be provided (e.g., "Requested Maximum Bit Rate not Available"), then the SGSN may send a new RAB Assignment Request message with different QoS profile(s). The number of re-attempts, if any, as well as how the new QoS profile(s) values are determined, is implementation dependent. 

13)
For the case where the 3G SGSN initially received a Downlink PDU, it delivers the Downlink PDU (user plane information) to the GERAN using the GTP-U based transport layer.  For the case where the 3G SGSN initially received downlink signalling, it delivers the downlink signalling (control plane information) to the GERAN using the SCCP based transport layer.

14)
The GERAN relays the Downlink PDU received by GTP-U to the target MS using PDCP which delivers the Downlink PDU according to the associated RAB ID. The GERAN relays downlink signalling received via SCCP to the target MS using RRC.

3 PMM Connected State

3.1 Downlink PDU Delivery Procedure

In the PMM Connected state the MS location is known in the 3G SGSN with an accuracy of the serving BSC. The MS sends a routing area update message (PMM) whenever it detects a change in RA as a result of cell-reselection. While in the PMM Connected state, a PS signalling connection is established between the MS and the 3G‑SGSN. The MS shall enter the PMM Idle state when its PS signalling connection to the 3G‑SGSN has been released or broken. For the case where the 3G SGSN receives a Downlink PDU (user plane information) targeted for an MS considered to be in the PMM Connected state, it uses the GTP-U based transport layer to deliver the Downlink PDU to the GERAN supporting the serving BSC. How the serving BSC proceeds from this point on is determined by the RRC state of the target MS.

3.1.1 RRC State is GRA_PCH

The serving BSC tracks the location of an MS with an accuracy of a Geran Registration Area (GRA) which is identified by the GRA ID broadcast on the BCCH/PBCCH. This allows the GERAN to use SRNS Relocation procedures (RANAP) to provide the 3G SGSN with location information with an accuracy of the serving BSC. When the serving BSC receives a Downlink PDU targeted for an MS in the GRA_PCH state, it sends a Paging Request message (RRC) on the appropriate paging subchannel according to the DRX capability of the target MS. Note that the serving BSC broadcasts the Paging Request message (RRC) over the CCCH/PCCCH of each cell within the GRA as follows: 

· Paging using a paging subchannel on PCCCH applies when a PCCCH is provided in the cell.

· Paging using a paging subchannel on CCCH applies when a PCCCH is not provided in the cell.

A Paging Request message may include more than one MS identity. In this case (RRC state = GRA_PCH) the Paging Request message will contain an access stratum identity (e.g. G-RNTI) as an RRC connection exists. 

On receipt of a Paging Request message, RRC in the target MS invokes the Cell Update procedure in order to send a CELL UDATE message (RRC) to the serving BSC.  Note that by sending a CELL UPDATE message, the RRC state changes to Cell_Shared followed by the Cell_PCH state. Upon receiving the CELL UPDATE message, the serving BSC can proceed with the establishment of a downlink TBF using dedicated or shared physical layer sub-channels for delivery of the downlink PDU.









Figure 2:  Downlink PDU Delivery for PMM Connected, RRC State = GRA_PCH

1)
The 3G‑SGSN receives a Downlink PDU for an MS in PMM Connected state.  At this point the 3G SGSN determines that one or more PDP contexts exist for the target IP address and that at least one of the PDP contexts has an associated RAB sufficient for satisfying the QoS requirements for delivering the Downlink PDU.

2)
The 3G SGSN delivers the Downlink PDU (user plane information) to the GERAN using the GTP-U based transport layer.  Note that if the 3G SGSN determines that there is no PDP context with an associated RAB sufficient for satisfying the QoS requirements for delivering the Downlink PDU, it will first invoke the RAB Assignment procedure prior to delivering the Downlink PDU to the GERAN.  For the case where the 3G SGSN initially receives Downlink Signalling (control plane information), it delivers the Downlink Signalling to the GERAN using the SCCP based transport layer.

3)
The serving BSC determines whether or not the MS has an established RRC connection.  In this case the MS has an connection as the RRC state = GRA_PCH.  Paging is performed using a Paging Request message (G-RNTI, Paging Originator).  The Paging Request is transferred on the appropriate paging channel (i.e. according to the DRX of the target MS) with G-RNTI used to identify the MS. Paging Originator indicates whether this is core network originated paging or GERAN originated paging, so in this case it indicates "GERAN".  

4)
On receiving the Paging Request message the MS determines that it has been paged for a PS service.  Since its RRC state = GRA_PCH it must provide the serving BSC with it precise cell location. It therefore makes a contention based access by sending a Packet Channel Request message (MAC) on the RACH/PRACH of the CCCH/PCCCH it is on. The MS receives a Packet Uplink Assignment message (MAC) from the GERAN indicating the uplink resources it has been assigned.  MS provides the serving BSC with its precise cell location by sending a CELL UPDATE message (RRC) according to its assigned uplink resources.  G-RNTI is used for contention resolution.

5)
The serving BSC transmits the Downlink PDU to the target MS using PDCP which delivers the Downlink PDU according to the associated RAB ID. 

3.1.2 All Other RRC States

For all other RRC states associated with the PMM Connected state, the serving BSC tracks the location of an MS with an accuracy of a cell.  As such, for these RRC states the serving BSC does not page the target MS prior to delivering a Downlink PDU.

Conclusion

These GERAN paging procedures are provided as information.  The identification of other GERAN centric paging scenarios may be prove useful for describing MS terminated transactions invoked using the A, Gb and Iu-cs interfaces.   These paging scenarios may also prove useful for inclusion within 23.060.

[1] GAWH-000021, “RRC Connection Management”, Ericsson.
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