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GERAN Iu Paging Procedures

1 Introduction

1.1 Purpose

Presently paging concepts for GERAN in Iu mode are discussed in TSG GERAN WG2. Requirements, concepts and impacts to new and existing specifications are captured in a paging concept paper [1]. The purpose of the present contribution is to provide information to this concept paper.

1.2 Assumptions

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

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

· The MS shall be able to determine if the page is initiated by the CN or the GERAN.

· A single Paging Request (Packet Paging Request or Paging Request) shall be able to contain pages for both A/Gb mode and Iu mode mobile stations.

1.3 Mobility Management States

1.3.1 Mobility Management States when connected to a 3G-MSC

· MM-DETACHED: The MS is not reachable by the network for CS services.

· MM-IDLE: The MS is reachable by paging for CS services.

· MM-CONNECTED: The MS has a signalling connection
 for CS services established between the MS and the CN.

1.3.2 Mobility Management States when connected to a 3G-SGSN

·  PMM-DETACHED: The MS is not reachable by the network for PS services. 

· PMM-IDLE: The MS is reachable by paging for PS services. 

· PMM-CONNECTED: The MS has a signalling connection for PS services established between the MS and the CN.

1.4 RRC States

During non-transient conditions the following relations are valid between MM/PMM service states and RRC modes for an MS:

· when in either MM-CONNECTED state or PMM-CONNECTED state, or in both MM-CONNECTED state and PMM-CONNECTED state, then the MS is in RRC connected mode;

· when in neither MM-CONNECTED state nor PMM-CONNECTED state, then the MS is in RRC idle mode.

1.5 CN Initiated Paging

A CN node (3G-SGSN or 3G-MSC) requests paging only for MS in MM-IDLE state or in PMM-IDLE state. In the separate CN architecture case (i.e. the 3G-MSC and 3G-SGSN are separate nodes), paging from a CN node is done independent of the service state of the MS in the other CN.

The 3G-SGSN requests RANAP paging when there is downlink user data payload or downlink NAS signalling for a mobile station in PMM-IDLE state. The GERAN responds by sending a page that indicates the source CN in all cells belonging to the indicated routing area.

The 3G-MSC requests RANAP paging when there is a mobile station terminated CS call received for an MS in MM-IDLE state. The GERAN responds by sending a page that indicates the source CN in all cells belonging to the indicated location area.

1.6 GERAN Initiated Paging

When GERAN receives downlink user data payload (received via GTP) or downlink NAS signalling (received via RANAP) for a mobile station in RRC_GRA_PCH state, GERAN will initiate paging for that MS. A Paging Request, containing the MS’s G-RNTI, will be sent to all cells in the GERAN registration area (GRA) where the MS is located. 

2 Paging Scenarios

2.1 RRC Idle - MAC-Idle

The MS mobility management state is the following: MM-Idle – PMM-Idle

In PMM/MM Idle Mode the MS is known to the CN with the accuracy of a Routing Area or a Location Area respectively.

In MAC-Idle state there are no dedicated or shared physical subchannels allocated. The MS camps on the PCCCH if it is present in the cell or else on the CCCH.

The CN sends a page to each BSS belonging to the Routing Area or Location Area where the MS is located. GERAN pages the MS using NAS identifiers (e.g. IMSI, TMSI, or P-TMSI) in all cells belonging to the BSS. The page triggers the MS to perform the RRC establishment procedure and send a NAS paging response to the CN. Note that the NAS message called “Service Request”, sent following RRC connection establishment, contains an information element that indicates page response.

2.1.1 CN PS Page (RANAP Paging Received from 3G-SGSN)

Scenario A. 

PCCCH is not present in the cell. Paging is performed using a subchannel of CCCH (PCH). GERAN allocates a TBF for RRC signalling.
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Figure 1 RRC is in RRC-Idle state. The MS is paged on a CCCH. GERAN will assign a TBF. (Corresponds to Scenario 12 in Ref [2])
1.
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".

2.
 The GERAN 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 PCH 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". The page also indicates “CN Packet Paging” (new IE) where the associated “Channel Needed” information element indicates “Any Channel”. This flavour of paging indicates that the MS needs to establish an Iu signalling connection and that an UL TBF will be used to allow the MS to send its next RRC message.

3.
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. It therefore makes a contention based access by sending a Channel Request message (RRC) indicating “one phase packet access” on the RACH of the CCCH it is on. At this point the GERAN doesn’t know which MS is sending the Channel Request (i.e. contention resolution is not yet complete).

4.
GERAN sends an IMMEDIATE ASSIGNMENT message (on AGCH) to the MS containing PDCH allocation. If the MS is granted a one phase access the Immediate Assignment message contains allocation of UL TBF.

5.
If a single block packet access is granted the MS sends a PACKET RESOURCE REQUEST message on the allocated UL block to complete the contention resolution. 

6.
Following the Packet Resource Request, in the case of a single block packet access, the GERAN sends a PACKET UPLINK ASSIGNMENT message to the MS containing the allocation of an UL TBF.

7.
The MS initiates the establishment of an RRC connection by sending a RRC CONNECTION REQUEST message (RRC) according to its assigned uplink resources. A Rand-id (32 bits) must be used for contention resolution since a G-RNTI is not assigned at this moment.

8.
The GERAN sends a Packet DOWNlink Assignment message (RLC/MAC) to the MS indicating the downlink resources it has been assigned.

9.
An RRC CONNECTION SETUP message (RRC) is sent to the MS with assignment of a new G-RNTI. The MS is addressed with the Rand-ID which was received in the uplink RLC/MAC data block used to carry the RRC CONNECTION REQUEST message. 

10.
If the MS returns to the CCCH after receiving the RRC CONNECTION SETUP message it makes a contention based access by sending a Channel Request message (RRC) indicating “one phase packet access” on the RACH of the CCCH it is on.

11.
GERAN sends an IMMEDIATE ASSIGNMENT message (on AGCH) to the MS containing PDCH allocation. If the MS is granted a one phase access the Immediate Assignment message contains allocation of UL TBF. 

12.
An RRC CONNECTION SETUP COMPLETE message (RRC) is sent from the MS to complete the RRC Connection Establishment procedure. 

13.
If the MS returns to the CCCH after sending the RRC CONNECTION SETUP COMPLETE message it makes a contention based access by sending a Channel Request message (RRC) indicating “one phase packet access” on the RACH of the CCCH it is on.

14.
The GERAN sends a IMMEDIATE Assignment message (RLC/MAC) to the MS indicating the uplink resources it has been assigned. 

15.
The MS can now respond to the PAGING REQUEST message by invoking the Service Request procedures. The MS then sends the INITIAL DIRECT TRANSFER message (RRC) to the GERAN according to its assigned uplink resources. The Service Request (P-TMSI, RAI, CKSN, Service Type) has a Service Type that specifies Paging Response. 

16.
The GERAN relays the payload carried in the INITIAL DIRECT TRANSFER message (RRC) into an INITIAL UE MESSAGE (RANAP) which results in the SERVICE REQUEST being delivered to the 3G-SGSN.

Scenario B. 

PCCCH is not present in the cell. Paging is performed using a subchannel on CCCH (PCH). GERAN allocates an SDCCH for RRC signalling.
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Figure 2 RRC is in RRC-Idle state. The MS is paged on a CCCH. GERAN will assign an SDCCH. (Corresponds to Fig 1 in Ref [
] and Scenario 13 in Ref [
])

1.
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".

2.  The GERAN 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 PCH of the CCCH 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". The page also indicates “Iu Connection Establishment” (new IE). The “Channel Needed” information element indicates SDCCH. This flavour of paging indicates that the MS needs to establish an Iu signalling connection and that an SDCCH will be used to allow the MS to send its next RRC message.

3.
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. It therefore makes a contention based access by sending a Channel Request message (RRC) on the RACH of the CCCH it is on. The establishment cause included is “Answer to Page”. The Channel Request also indicates “procedure that can be completed with an SDCCH”. At this point the GERAN doesn’t know which MS is sending the Channel Request (i.e. contention resolution is not yet complete).

4.
The GERAN sends an IMMEDIATE ASSIGNMENT message to the MS allocating an SDCCH.

5.
The MS initiates the establishment of an RRC connection by sending a RRC CONNECTION REQUEST message (RRC) according to its assigned resources. A Rand-id (32 bits) must be used for contention resolution since a G-RNTI is not assigned at this moment.

6.
An RRC CONNECTION SETUP message (RRC) is sent to the MS with assignment of a new G-RNTI. The MS is addressed with the Rand-ID which was received in the uplink RLC/MAC data block used to carry the RRC CONNECTION REQUEST message. 

7.
An RRC CONNECTION SETUP COMPLETE message (RRC) is sent from the MS to complete the RRC Connection Establishment procedure. 

8.
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 an INITIAL DIRECT TRANSFER message (RRC) containing a SERVICE REQUEST message (CM). The MS then sends the INITIAL DIRECT TRANSFER message (RRC) to the GERAN according to its assigned uplink resources. The Service Request (P-TMSI, RAI, CKSN, Service Type) has a Service Type that specifies Paging Response.

9.
The GERAN relays the payload carried in the INITIAL DIRECT TRANSFER message (RRC) into an INITIAL UE MESSAGE (RANAP) which results in the SERVICE REQUEST being delivered to the 3G-SGSN.

Scenario C. 

PCCCH is present in the cell. Paging is performed using a subchannel of PCCCH (PPCH). GERAN allocates a TBF for RRC signalling.
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Figure 3 RRC is in RRC-Idle state. The MS is paged on a PCCCH. GERAN will assign a TBF. (Corresponds to Fig 3 in Ref [1] and Scenario 14 in Ref [2])
1.
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 is 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".

2.
The GERAN 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 PACKET PAGING REQUEST message (IMSI or P-TMSI, Paging Originator). The Packet Paging Request is transferred on the PPCH of the PCCCH 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". The Paging Request indicates “CN TBF Establishment” (new IE) where the associated “Channel Needed” information element indicates “Any Channel”. This flavour of paging indicates that the MS needs to establish an Iu signalling connection and that a UL TBF will be used to allow the MS to send its next RRC message.

3.
On receiving the PACKET 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. It therefore makes a contention based access by sending a PACKET Channel Request message (RLC/MAC) indicating “one phase packet access” or “two phase access request” on the PRACH of the PCCCH it is on. At this point the GERAN doesn’t know which MS is sending the Channel Request (i.e. contention resolution is not yet complete).

4.
GERAN sends an PACKET UPLINK ASSIGNMENT message (on PAGCH) to the MS. If the MS is granted a “one phase access request” the Packet Uplink Assignment message contains allocation of UL TBF.

5.
If a “two phase access request” is granted the MS sends a PACKET RESOURCE REQUEST message on the allocated UL block to complete the contention resolution. 

6.
Following the reception of the Packet Resource Request, in the case of a “two phase access request”, the GERAN sends a PACKET UPLINK ASSIGNMENT message to the MS containing the allocation of an UL TBF.

7.
The MS initiates the establishment of an RRC connection by sending a RRC CONNECTION REQUEST message (RRC) according to its assigned uplink resources. A Rand-id (32 bits) must be used for contention resolution since a G-RNTI is not assigned at this moment.

8.
The GERAN sends a Packet DOWNlink Assignment message (RLC/MAC) to the MS indicating the downlink resources it has been assigned.

9.
An RRC CONNECTION SETUP message (RRC) is sent to the MS with assignment of a new G-RNTI. The MS is addressed with the Rand-ID which was received in the uplink RLC/MAC data block used to carry the RRC CONNECTION REQUEST message. 

10.
If the MS returns to the PCCCH after receiving the RRC CONNECTION SETUP message it makes a contention based access by sending a PACKET Channel Request message (RRC) indicating “one phase access request” or “two phase access request” on the PRACH of the PCCCH it is on.

11.
The GERAN sends a Packet Uplink Assignment message (RLC/MAC) to the MS indicating the uplink resources it has been assigned. 

12.
An RRC CONNECTION SETUP COMPLETE message (RRC) is sent from the MS to complete the RRC Connection Establishment procedure. 

13.
If the MS returns to the PCCCH after sending the RRC CONNECTION SETUP COMPLETE message it makes a contention based access by sending a PACKET Channel Request message (RRC) indicating “one phase access request” or “two phase access request” on the PRACH of the PCCCH it is on.

14.
The GERAN sends a Packet Uplink Assignment message (RLC/MAC) to the MS indicating the uplink resources it has been assigned. 

15.
The MS can now respond to the PAGING REQUEST message by invoking the Service Request procedures. The MS then sends the INITIAL DIRECT TRANSFER message (RRC) to the GERAN according to its assigned uplink resources. The Service Request (P-TMSI, RAI, CKSN, Service Type) has a Service Type that specifies Paging Response. 

16.
The GERAN relays the payload carried in the INITIAL DIRECT TRANSFER message (RRC) into an INITIAL UE MESSAGE (RANAP) which results in the SERVICE REQUEST being delivered to the 3G-SGSN.

Scenario D. 

PCCCH is present in the cell. Paging is performed using a subchannel of PCCCH (PPCH). GERAN allocates an SDCCH for RRC signalling.
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Figure 4 RRC is in RRC-Idle state. The MS is paged on a PCCCH. GERAN will assign an SDCCH. (Corresponds to Fig 2 in in Ref [1] and Scenario 15 in Ref [2])
1.
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".

2.
 On receiving the PACKET Paging Request message the MS determines that it has been paged for a PS service (P-TMSI). Since it has no RRC connection the MS must first establish one. It therefore moves to the CCCH (since “Channel Needed” received in the PACKET PAGING REQUEST indicated SDCCH) where it makes a contention based access by sending a Channel Request message (MAC) on the RACH of the CCCH it is on. The establishment cause included is “Answer to Page”. The channel request also indicates “procedure that can be completed with an SDCCH”. At this point the GERAN doesn’t know which MS is sending the Channel Request (i.e. contention resolution is not yet complete).

3.
On receiving the PACKET Paging Request message the MS determines that it has been paged for a PS service (P-TMSI). Since it has no RRC connection the MS must first establish one. The MS moves to the CCCH. It there makes a contention based access by sending a Channel Request message (RLC/MAC) on the RACH. The establishment cause included is “Answer to Page”. The channel request also indicates “procedure that can be completed with an SDCCH”. At this point the GERAN doesn’t know which MS is sending the Channel Request (i.e. contention resolution is not yet complete). 

4.
The GERAN sends an IMMEDIATE ASSIGNMENT message to the MS allocating an SDCCH.

5.
The MS initiates the establishment of an RRC connection by sending a RRC CONNECTION REQUEST message (RRC) according to its assigned resources. A Rand-id (32 bits) must be used for contention resolution since a G-RNTI is not assigned at this moment.

6.
An RRC CONNECTION SETUP message (RRC) is sent to the MS with assignment of a new G-RNTI. The MS is addressed with the Rand-ID which was received in the uplink RLC/MAC data block used to carry the RRC CONNECTION REQUEST message. 

7.
An RRC CONNECTION SETUP COMPLETE message (RRC) is sent from the MS to complete the RRC Connection Establishment procedure. 

8.
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 an INITIAL DIRECT TRANSFER message (RRC) containing a SERVICE REQUEST message (CM). The MS then sends the INITIAL DIRECT TRANSFER message (RRC) to the GERAN according to its assigned uplink resources. The Service Request (P-TMSI, RAI, CKSN, Service Type) has a Service Type that specifies Paging Response.

9.
The GERAN relays the payload carried in the INITIAL DIRECT TRANSFER message (RRC) into an INITIAL UE MESSAGE (RANAP) which results in the SERVICE REQUEST being delivered to the 3G-SGSN.

2.1.2 CN CS Page (RANAP Paging Received from 3G-MSC)

TBD

2.1.3 GERAN Initiated Paging

In RRC-Idle mode GERAN will not initiate any paging.

2.2 RRC-Cell_Shared - MAC-Idle

The MS mobility management state is one of the following:

· MM-Idle – PMM-Connected

· MM-Connected – PMM-Idle

· MM-Connected – PMM-Connected

GERAN knows the MS’s location on cell level since it is in RRC-Cell_Shared state and therefore has a signalling connection established to at least one CN.

In RRC-Cell_Shared - MAC-Idle state there are no dedicated nor shared physical subchannels allocated. The MS camps on the PCCCH if it is present in the cell or else on the CCCH.

2.2.1 CN PS Page (RANAP Paging Received from 3G-SGSN)

The MS mobility management state is the following: PMM-Idle - MM-Connected

Scenario A. 

PCCCH not present in the cell. Paging is performed on a subchannel of CCCH (PCH). GERAN allocates a TBF for RRC signalling.
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Figure 5 RRC is in RRC-Cell_Shared – MAC-Idle state. The MS is paged on a CCCH. GERAN will assign a TBF. (Corresponds to Scenario 12 in Ref [2])

1.
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 is located.

2.
The GERAN sends a PAGING REQUEST message (on PCH) in the cell where the MS is located. The Paging Request indicates “CN packet paging” (new IE) where the associated “Channel Needed” information element indicates “Any Channel”. This flavour of paging indicates that the MS needs to establish an Iu signalling connection and that a UL TBF will be used to allow the MS to send its next RRC message.

3.
The MS responds to the page by sending a CHANNEL REQUEST message (on the RACH) indicating “one phase packet access”. At this point the GERAN doesn’t know which MS is sending the Channel Request (i.e. contention resolution is not yet complete).

4.
GERAN sends an IMMEDIATE ASSIGNMENT message (on AGCH) to the MS containing PDCH allocation. If the MS is granted a one phase packet access the Immediate Assignment message contains allocation of UL TBF.

5.
If a single block packet access is granted the MS sends a PACKET RESOURCE REQUEST message on the allocated UL block to complete the contention resolution. 

6.
Following the Packet Resource Request, in the case of a single block packet access, the GERAN sends a PACKET UPLINK ASSIGNMENT message on the PFTCH to the MS containing the allocation of an UL TBF.

7. The MS sends an INITIAL DIRECT TRANSFER message (RRC) which contains a Service Request message (NAS) on the allocated UL TBF. The Service Type specifies Paging Response.

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

Scenario B. 

PCCCH is not present in the cell. Paging is performed using a subchannel of CCCH (PCH). GERAN allocates an SDCCH for RRC signalling.
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Figure 6 RRC is in RRC-Cell_Shared – MAC-Idle state. The MS is paged on a CCCH. GERAN will assign an SDCCH. (Corresponds to Fig 4 in Ref [1] and Scenario 13 in Ref [2])

1.
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 is located.

2.
The GERAN sends a PAGING REQUEST message (on PCH) that indicates “Iu Connection Establishment” (new IE) in the cell where the MS is located. The “Channel Needed” information element indicates SDCCH. This flavour of paging indicates that the MS needs to establish an Iu signalling connection and that an SDCCH will be used to allow the MS to send its next RRC message.

3.
The MS responds to the page by sending a CHANNEL REQUEST message (on the RACH) indicating “procedure that can be completed with an SDCCH”. At this point the GERAN doesn’t know which MS is sending the Channel Request (i.e. contention resolution is not yet complete).

4.
The GERAN sends the MS an IMMEDIATE ASSIGMENT message to the GERAN containing an SDCCH allocation.

5.
The MS sends an INITIAL DIRECT TRANSFER message (RRC) which contains a Service Request message (NAS) on the allocated SDCCH. The Service Type specifies Paging Response.

6.
The GERAN relays the payload carried in the INITIAL DIRECT TRANSFER message (RRC) into an INITIAL UE MESSAGE (RANAP) which results in the SERVICE REQUEST being delivered to the 3G-SGSN.

Scenario C. 

PCCCH is present in the cell. Paging is performed using a subchannel of PCCCH (PPCH). GERAN allocates a TBF for RRC signalling.
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Figure 7 RRC is in RRC-Cell_Shared – MAC-Idle state. The MS is paged on a PCCCH. GERAN will assign a TBF. (Corresponds to Fig 5 in Ref [1] and Scenario 14 in Ref [2])

1.
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 is located.

2.
The GERAN sends a PACKET PAGING REQUEST message (on PPCH) in the cell where the MS is located. The Packet Paging Request indicates “CN TBF establishment” (new IE) where the associated “Channel Needed” information element indicates “Any Channel”. This flavour of paging indicates that the MS needs to establish an Iu signalling connection and that a UL TBF will be used to allow the MS to send its next RRC message.

3.
The MS responds to the page by sending a PACKET CHANNEL REQUEST message (on the PRACH) indicating “one phase access request” or “two phase access request”. At this point the GERAN doesn’t know which MS is sending the Channel Request (i.e. contention resolution is not yet complete).

4.
GERAN sends a PACKET UPLINK ASSIGNMENT message (on PAGCH) to the MS containing PDCH allocation for an UL TBF if a “one phase access request” is granted.

5.
If a “two phase access request” is granted the MS sends a PACKET RESOURCE REQUEST message on the allocated UL block to complete the contention resolution. 

6.
Following the Packet Resource Request, in the case of a “two phase access request”, the GERAN sends a PACKET UPLINK ASSIGNMENT message (on PAGCH) to the MS containing the allocation of an UL TBF.

7.
The MS sends an INITIAL DIRECT TRANSFER message (RRC) which contains a Service Request message (NAS) on the allocated UL TBF. The Service Type specifies Paging Response.

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

Scenario D. 

PCCCH is present in the cell. Paging is performed using a subchannel of PCCCH (PPCH). GERAN allocates an SDCCH for RRC signalling.
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Figure 8 RRC is in RRC-Cell_Shared – MAC-Idle state. The MS is paged on a PCCCH. GERAN will assign an SDCCH. (Corresponds to Fig 4 in Ref [1] and Scenario 15 in Ref [2])

1.
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 is located.

2.
The GERAN sends a PACKET PAGING REQUEST message (on PPCH) in the cell where the MS is located. The PACKET PAGING REQUEST indicates “Iu Connection Establishment” and the associated “Channel Needed” information element indicates SDCCH. This flavour of paging indicates that the MS needs to establish an Iu signalling connection and that an SDCCH will be used to allow the MS to send its next RRC message.

3.
The MS moved to the CCCH and responds to the page by sending a CHANNEL REQUEST message (on the RACH) indicating “procedure that can be completed with an SDCCH”. At this point the GERAN doesn’t know which MS is sending the Channel Request (i.e. contention resolution is not yet complete).

4.
The GERAN sends the MS an IMMEDIATE ASSIGMENT message containing an SDCCH allocation.

5.
The MS sends an INITIAL DIRECT TRANSFER message (RRC) which contains a Service Request message (NAS) on the allocated SDCCH. The Service Type specifies Paging Response

6.
The GERAN relays the payload carried in the INITIAL DIRECT TRANSFER message (RRC) into an INITIAL UE MESSAGE (RANAP) which results in the SERVICE REQUEST being delivered to the 3G-SGSN.

2.2.2 CN CS Page (RANAP Paging Received from 3G-MSC)

The MS mobility management state is the following: PMM-Connected - MM-Idle

TBD

2.2.3 GERAN Initiated Paging

For the case where an MS is in the RRC-Cell_Shared state the GERAN will not originate any paging (i.e. it will only send a Paging Request or Packet Paging Request if it first receives a CN page via RANAP). For PMM Connected – MM Connected the GERAN will never receive a page from either CN.

2.3 RRC-Cell_Shared - MAC_Shared

The MS mobility management state is one of the following:

· MM-Idle – PMM-Connected

· MM-Connected – PMM-Idle

· MM-Connected – PMM-Connected

GERAN knows the MS’s location on cell level since it is in RRC Shared state and therefore has a signalling connection established to at least one CN.

In RRC-Cell_Shared - MAC-Shared state at least one TBF is ongoing (i.e. at least one SPSCH has been allocated to the MS) but no dedicated physical subchannels have been allocated.

2.3.1 CN PS Page (RANAP Paging Received from 3G-SGSN)

The MS mobility management state is the following: PMM-Idle - MM-Connected

TBD

2.3.2 CN CS Page (RANAP Paging Received from 3G-MSC)

The MS mobility management state is the following: PMM-Connected - MM-Idle

TBD

2.3.3 GERAN Initiated Paging

For the case where an MS is in the RRC-Cell_Shared state the GERAN will not originate any paging (i.e. it will only send a Paging Request or Packet Paging Request if it first receives a CN page via RANAP). For PMM Connected – MM Connected the GERAN will never receive a page from either CN.

2.4 RRC-GRA_PCH - MAC-Idle

The MS mobility management state is one of the following:

· MM-Idle – PMM-Connected

· MM-Connected – PMM-Idle

· MM-Connected – PMM-Connected

In RRC-GRA_PCH - MAC-Idle the MS camps on the PCCCH, if a PCCCH is present in the cell. Otherwise the MS camps on CCCH.

GERAN knows the location of an MS with the accuracy of the GERAN Registration Area (GRA) which is identified by the GRA ID broadcast on the BCCH/PBCCH. 

GERAN pages the MS using G-RNTI in each cell belonging to the GERAN Registration Area (GRA) where the MS is located. Paging is needed to provide the GERAN with precise cell in which the MS is located. The page triggers the MS to first perform the RRC Cell Update procedure prior to sending any other RRC signalling that may be required.

2.4.1 CN PS Page (RANAP Paging Received from 3G-SGSN)

The MS mobility management state is the following: MM-Connected - PMM-Idle
Scenario A. 

PCCCH not present in the cell. Paging is performed using a subchannel of CCCH (PCH). GERAN allocates a TBF for RRC signalling.
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Figure 9 RRC is in RRC- GRA_PCH – MAC-Idle state. The MS is paged on a CCCH. GERAN will assign a TBF. (Corresponds to Scenario 12 in ref [2])

1.
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 is located.

2.
The GERAN sends a PAGING REQUEST message (on PCH). The Paging Request indicates “CN packet paging” where the associated “Channel Needed” information element indicates “Any Channel”. This flavour of paging indicates that the MS needs to establish an Iu signalling connection and that a UL TBF will be used to allow the MS to send its next RRC message.

3.
The MS responds to the page by sending a CHANNEL REQUEST message (on the RACH) indicating “one phase packet access”. At this point the GERAN doesn’t know which MS is sending the Channel Request (i.e. contention resolution is not yet complete).

4.
GERAN sends an IMMEDIATE ASSIGNMENT message (on AGCH) to the MS containing PDCH allocation. If the MS is granted a one phase packet access the Immediate Assignment message contains allocation of UL TBF.

5.
If a single block packet access is granted the MS sends a PACKET RESOURCE REQUEST message on the allocated UL block to complete the contention resolution. 

6.
Following the Packet Resource Request, in the case of a single block packet access, the GERAN sends a PACKET UPLINK ASSIGNMENT message to the MS containing the allocation of an UL TBF.

7.
The MS sends a CELL UPDATE message on the allocated UL TBF.

8.
GERAN sends the MS an IMMEDIATE ASSIGNMENT message (on AGCH) to establish a DL TBF.

9.
GERAN sends a CELL UPDATE CONFIRM message to the MS.

10. 
If the MS returns to the CCCH after receiving the CELL UPDATE CONFIRM message it makes a contention based access by sending a Channel Request message (RRC) indicating “one phase packet access” on the RACH of the CCCH it is on.

11.
The GERAN sends an IMMEDIATE ASSIGNMENT (RRC) message to the MS indicating the uplink resources it has been assigned.

12.
The MS can now respond to the PAGING REQUEST message by invoking the Service Request procedures. The MS then sends the INITIAL DIRECT TRANSFER message (RRC) to the GERAN according to its assigned uplink resources. The Service Request (P-TMSI, RAI, CKSN, Service Type) has a Service Type that specifies Paging Response. 

13.
The GERAN relays the payload carried in the INITIAL DIRECT TRANSFER message (RRC) into an INITIAL UE MESSAGE (RANAP) which results in the SERVICE REQUEST being delivered to the 3G-SGSN.

Scenario B. 

PCCCH not present in the cell. The MS is paged on a subchannel of the CCCH (PCH). GERAN allocates an SDCCH RRC signalling.
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Figure 10 RRC is in RRC- GRA_PCH – MAC-Idle state. The MS is paged on a CCCH. GERAN will assign an SDCCH. (Corresponds to Fig 7 in Ref [1] and Scenario 13 in Ref [2])

1.
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 is located.

2.
The GERAN sends a PAGING REQUEST message (on PCH) that indicates “Iu Connection Establishment”. The “Channel Needed” information element indicates SDCCH. This flavour of paging indicates that the MS needs to establish an Iu signalling connection and that an SDCCH will be used to allow the MS to send its next RRC message.

3.
The MS responds to the page by sending a CHANNEL REQUEST message (on the RACH) indicating “procedure that can be completed with an SDCCH”. At this point the GERAN doesn’t know which MS is sending the Channel Request (i.e. contention resolution is not yet complete).

4.
The GERAN sends the MS an IMMEDIATE ASSIGMENT message containing an SDCCH allocation.

5.
The MS sends a CELL UPDATE message on the allocated SDCCH. Contention resolution is completed.

6.
The GERAN sends a CELL UPDATE CONFIRM message to the MS.

7.
The MS can now respond to the PAGING REQUEST message by invoking the Service Request procedures. The MS then sends the INITIAL DIRECT TRANSFER message (RRC) to the GERAN using the allocated SDCCH. The Service Request (G-RNTI, RAI, CKSN, Service Type) has a Service Type that specifies Paging Response. 

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

Scenario C. 

PCCCH is present in the cell. Paging is performed using a subchannel of PCCCH (PPCH). GERAN allocates a TBF for RRC signalling.
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Figure 11 RRC is in RRC- GRA_PCH – MAC-Idle state. The MS is paged on a PCCCH. GERAN will assign a TBF. (Corresponds to Fig 8 in Ref [1] and Scenario 14 in Ref [2])

1.
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 is located.

2.
The GERAN sends a PACKET PAGING REQUEST message (on PPCH). The Packet Paging Request indicates “CN TBF establishment” where the associated “Channel Needed” information element indicates “Any Channel”. This flavour of paging indicates that the MS needs to establish an Iu signalling connection and that a UL TBF will be used to allow the MS to send its next RRC message.

3.
The MS responds to the page by sending a PACKET CHANNEL REQUEST message (on the PRACH) indicating “one phase access request” or “two phase access request”. At this point the GERAN doesn’t know which MS is sending the Channel Request (i.e. contention resolution is not yet complete).

4.
The GERAN sends a PACKET UPLINK ASSIGNMENT message (on PAGCH) to the MS containing PDCH allocation for an UL TBF if a “one phase access request” is granted.

5.
If a  “two phase access request” is granted the MS sends a PACKET RESOURCE REQUEST message on the allocated UL block to complete the contention resolution. 

6.
Following the Packet Resource Request, in the case of a  “two phase access request”, the GERAN sends a PACKET UPLINK ASSIGNMENT message (on PAGCH) to the MS containing the allocation of an UL TBF.

7.
The MS sends a CELL UPDATE message on the allocated UL TBF.

8.
The GERAN sends the MS a PACKET DOWNLINK ASSIGNMENT message to establish a DL TBF.

9.
The GERAN sends a CELL UPDATE CONFIRM message to the MS.

10. 
If the MS returns to the PCCCH after receiving the CELL UPDATE CONFIRM message it makes a contention based access by sending a Packet Channel Request message (RRC) indicating “one phase access request” or “two phase access request” on the PRACH of the PCCCH it is on. 

11.
The GERAN sends a Packet Uplink Assignment message (RLC/MAC) to the MS indicating the uplink resources it has been assigned. 

12.
The MS can now respond to the PACKET PAGING REQUEST message by invoking the Service Request procedures. The MS then sends the INITIAL DIRECT TRANSFER message (RRC) to the GERAN using the allocated SDCCH. The Service Request (G-RNTI, RAI, CKSN, Service Type) has a Service Type that specifies Paging Response.

13.
The GERAN relays the payload carried in the INITIAL DIRECT TRANSFER message (RRC) into an INITIAL UE MESSAGE (RANAP) which results in the SERVICE REQUEST being delivered to the 3G-SGSN.

Scenario D. 

PCCCH is present in the cell. Paging is performed using a subchannel of PCCCH (PPCH). GERAN allocates an SDCCH for RRC signalling.
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Figure 12 RRC is in RRC- GRA_PCH – MAC-Idle state. The MS is paged on a PCCCH. GERAN will assign an SDCCH. (Corresponds to Fig 7 in Ref [1] and Scenario 15 in Ref [2])

1.
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 is located.

2.
The GERAN sends a PACKET PAGING REQUEST message (on PPCH) that indicates “Iu Connection Establishment” where the associated “Channel Needed” information element indicates SDCCH. This flavour of paging indicates that the MS needs to establish an Iu signalling connection and that an SDCCH will be used to allow the MS to send its next RRC message.

3.
The MS moved to the CCCH and responds to the page by sending a CHANNEL REQUEST message (on the RACH) indicating “procedure that can be completed with an SDCCH”. At this point the GERAN doesn’t know which MS is sending the Channel Request (i.e. contention resolution is not yet complete).

4.
The GERAN sends the MS an IMMEDIATE ASSIGMENT message containing an SDCCH allocation.

5.
The MS sends a CELL UPDATE message on the allocated SDCCH. Contention resolution is completed.

6.
The GERAN sends a CELL UPDATE CONFIRM message to the MS.

7.
The MS can now respond to the PACKET PAGING REQUEST message by invoking the Service Request procedures. The MS then sends the INITIAL DIRECT TRANSFER message (RRC) to the GERAN using the allocated SDCCH. The Service Request (G-RNTI, RAI, CKSN, Service Type) has a Service Type that specifies Paging Response. 

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

2.4.2 CN CS Page (RANAP Paging Received from 3G-MSC)

The MS mobility management state is the following: MM-Idle - PMM-Connected

TBD

2.4.3 GERAN Initiated paging

For the case where an MS is in the RRC-GRA_PCH state the GERAN will originate paging in the following cases:

· The GERAN has RRC payload to deliver to an MS.

· The GERAN has received NAS signalling payload from a CN (in MM Connected or PMM Connected state) for delivery to an MS.

· The GERAN has received user data payload from a CN (in MM Connected or PMM Connected state) for delivery to an MS.

Scenario A. 

No RAB satisfying the QoS requirements exist. The CN establishes a new RAB. PCCCH is present in the cell. Paging is performed using PPCH. GERAN allocates a TBF for RRC signalling.

TBD

Scenario B. 

RAB satisfying the QoS requirements exists. PCCCH is present in the cell. Paging is performed using a subchannel of PCCCH (PPCH). GERAN allocates a TBF for RRC signalling.

TBD

2.5 RRC-Cell_Dedicated - MAC_Dedicated

In the RRC-Cell_Dedicated state the position of the MS is known by GERAN on cell level. One or more dedicated subchannels are assigned to the MS.

The CN sends a paging message to each BSS belonging to the MS’s Routing Area or Location Area. GERAN pages the MS in the cell where the MS is located. G-RNTI is used as MS identifier. The page triggers the MS to send a NAS paging response to the CN.

In MAC_Dedicated state a dedicated physical subchannel is allocated but no shared physical subchannel is established.

2.5.1 CN PS Page (RANAP Paging Received from 3G-SGSN)

The MS mobility management state is the following: PMM-Idle - MM-Connected

TBD

2.5.2 CN CS Page (RANAP Paging Received from 3G-MSC)

The MS mobility management state is the following: PMM-Connected - MM-Idle

TBD

2.5.3 GERAN Initiated paging

TBD

2.6 RRC-Cell_Dedicated - MAC_DTM

In the RRC-Cell_Dedicated state the position of the MS is known by GERAN on cell level. One or more dedicated subchannels are assigned to the MS.

The CN sends a paging message to each BSS belonging to the MS’s Routing Area or Location Area. GERAN pages the MS in the cell where the MS is located. G-RNTI is used as MS identifier. The page triggers the MS to send a NAS paging response to the CN.

In MAC_DTM state there are one or more dedicated physical subchannels and one or more shared physical subchannels allocated.

2.6.1 CN PS Page (RANAP Paging Received from 3G-SGSN)

The MS mobility management state is the following: PMM-Idle - MM-Connected

TBD

2.6.2 CN CS Page (RANAP Paging Received from 3G-MSC)

The MS mobility management state is the following: PMM-Connected - MM-Idle

TBD

2.6.3 GERAN Initiated paging

The MS mobility management state is the following: PMM-Connected

TBD

3 Open Issues

· How do we indicate that the page is initiated from the CN or the GERAN? Is there available space in Paging Request and Packet Paging Request?

· How do we indicate that the page come from the CS or PS domain? For (P-)TMSI the two most significant bits indicate if the (P-)TMSI has been allocated by the SGSN or the VLR [23.003].

4 References






















� A signalling connection is a logical connection between an MS and a CN node. It consists of an RRC connection between the MS and the GERAN and an Iu signalling connection between the GERAN and the CN node.





�. “Paging Concept for 44.060”, Source: Lucent, GP-011310, 3GPP TSG GERAN #5, 28 May-1 June, 2001, Chicago, IL.


�. “SDCCH Allocation for RRC Signaling”, Source: Ericsson, G2-010065, 3GPP TSG GERAN WG2 #5bis, June 25-29, 2001, Helsinki, Finland.
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