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Analysis of GERAN Iu Mode Paging Scenarios
1 Introduction

This contribution examines GERAN Iu mode paging requirements and scenarios. Options for GERAN paging procedures are presented. 
2 GERAN Paging Concept

For mobile terminated services, GERAN paging is performed for the following purposes:

· To page or notify the mobile of a core network (CN) page from either the CS domain or the PS domain. The mobile will perform an RRC connection establishment (if the MS is in RRC Idle state) and will send a NAS response message appropriate for that CN. 

· To trigger the MS to perform an RRC Cell Update procedure if the MS is in RRC_GRA-PCH state. 

It is assumed that paging coordination is done in GERAN, i.e., an MS does not need to listen to the PCH or PPCH when it is allocated a dedicated control channel, e.g. PACCH, SDCCH, or FACCH.
2.1 CN Initiated Paging
In the CS domain, the MSC requests RANAP paging when there is a mobile terminated CS call received for a MS in CMM-Idle state. A RANAP paging message is sent out to each BSC belonging to the location area in which the MS is located.  To complete the CS CN paging, a NAS Paging Response message is sent from the MS to the MSC.

In the PS domain, the SGSN requests RANAP paging when there is downlink PDU or downlink signaling message for a MS in PMM-Idle state. A RANAP paging message is sent to each BSC belonging to the routing area in which the MS is located. To complete the PS CN paging, a NAS Service Request message is sent from the MS to the SGSN.

For each RANAP paging request received from MSC or SGSN, the GERAN determines the MS’s RRC state and coordinates the paging from CS and PS domain. A MS may be in one of the four RRC state:

· RRC-Idle state: GERAN pages the MS using the CN MS identifier (e.g. IMSI, TMSI, or P-TMSI) in all cells belonging to the BSS. The GERAN paging triggers the MS to perform the RRC establishment procedure and subsequently a NAS paging response to the CN. 

A MS in RRC-Idle state (and MAC Idle state) listens to the paging channel. If the MS camps on CCCH, RRC paging procedure is used. If the MS camps on PCCCH, MAC packet paging procedure is used. 

· RRC-GRA_PCH state: GERAN pages the MS using GERAN MS identifier (i.e. G-RNTI) in each cell belonging to the GERAN registration area in which the MS is located. The GERAN paging triggers the MS to perform the RRC Cell Update procedure and subsequently a NAS paging response to the CN. 

A MS in RRC-GRA_PCH state (and MAC Idle state) listens to the PCCCH, if PCCCH is supported in the cell. In this case, MAC packet paging procedure is used. If PCCCH is not supported in the cell, the MS listens to the CCCH, RRC paging procedure is used.

· RRC-Cell_Shared state: GERAN pages the MS using MS’s G-RNTI in the cell where the MS is located. The GERAN paging triggers the MS to send a NAS paging response to the CN. (It is ffs whether Cell Update needs to be performed).

A MS in RRC-Cell_Shared state may be in one of the following two MAC states: MAC Idle state, or MAC Shared state. 

· When in MAC Idle state, the MS listens to the PCCCH, if PCCCH is supported in the cell. In this case, MAC packet paging procedure is used. If PCCCH is not supported in the cell, the MS listens to the CCCH, RRC paging procedure is used.

· When in MAC Shared state, the MS is allocated a TBF over PDCH. MAC packet paging procedure should be used over PACCH.

· RRC-Cell_Dedicated state: GERAN pages the MS using MS’s G-RNTI in the cell where the MS is located. The GERAN paging triggers the MS to send a NAS paging response to the CN.

A MS in RRC-Cell_Dedicated state may be in one of the two MAC states: MAC Dedicated, or MAC DTM state. In both cases, the MS is allocated one or more dedicated control channels, e.g. SDCCH, FACCH, and/or PACCH. It is desirable that RRC paging procedure should be used. Alternatively, MAC packet paging may be used over PACCH. 

2.2 GERAN Initiated Paging

When GERAN receives downlink PDP PDU or downlink signaling for a mobile in RRC-GRA_PCH state, GERAN initiates paging for the MS using MS’s G-RNTI in each cell belonging to the GERAN registration area where the MS is located. The GERAN paging triggers the MS to perform RRC Cell Update procedures and allows the GERAN to forward the downlink data or signaling to the MS.

A MS in RRC-GRA_PCH state listens to the PCCCH, if PCCCH is supported in the cell. In this case, MAC paging procedure is used. If PCCCH is not supported in the cell, the MA listens to the CCCH, RRC paging procedure is used.  

3 GERAN Paging Scenarios and Paging Procedures

Assumption:

· GERAN coordinates the paging and resource allocation from CS and PS domain. 
· MS listens to PCCCH when in RRC Connected state if PCCCH is supported in the cell. If PCCCH is not supported in the cell, MS listens to CCCH.
· “DTM” procedures/messages are expanded in Iu mode to allow DPSCH allocation over PACCH. See also open issues in Section 4.

3.1 Paging in RRC Idle state

When a MS is in RRC idle state, any mobile terminated services results in a CN initiated RANAP paging. GERAN pages the MS using its NAS mobile identifier, e.g. IMSI, TMSI, or P-TMSI. The GERAN paging triggers RRC establishment procedure. Following successful RRC connection establishment, MS enters RRC connected state and send NAS paging response to the respective CN.

Table 1. GERAN paging procedures for MS in RRC-Idle state.

MT Service
Paging Resp
Paging Procedures
Note



MAC Idle State


CS MT Call (RANAP paging)
Paging Resp (NAS)
· RRC Paging Req [PCH] or Pckt Paging Req [PPCH]

· RRC Connection establishment procedure

· Paging Responses
2 options subsequent RRC signaling: a) using SDCCH; or b) Packet access procedures to establish TBF for RRC messages. 

DL PDU/signaling at SGSN 

(RANAP Paging)
Service Request (NAS)
· RRC Paging Req [PCH] or Pckt Paging Req [PPCH]

· RRC Connection establishment procedure

· (NAS) Service Request


3.2 Paging in RRC-GRA_PCH state.

In RRC-GRA_PCH state, MS camps on PCCCH, if a PCCCH is supported in the cell. Otherwise MS camps on CCCH.

GERAN pages the MS in all cells within the last known GEARN Registration area using G-RNTI as the MS identifier. The GERAN paging is used to trigger the MS to perform RRC Cell Update procedure followed by NAS paging response to the respective CN node.

Table 2. GERAN paging procedures for MS in RRC-GRA_PCH state.

MT Service
Paging Resp
Paging Procedures
Note



MAC Idle State (PCCCH/CCCH)


CS MT Call

(RANAP Paging)
Cell Update (AS)

Paging Resp (NAS)
Op 1.

· Pckt Paging Req [PPCH]  or RRC Paging Req [PCH] 

· Ch Req [RACH]

· Immd Assgn [AGCH]

· RRC Cell Update procedures

· Paging Response …

Op 2.

Same as RANAP paging from PS domain (below).


DL PDU/signaling at SGSN

(RANAP Paging)
Cell Update (AS)

Service Request (NAS)


· Pckt Paging Req [PPCH] or RRC Paging Req [PCH]

(UL TBF establishment for Cell Update)

· Pckt Ch Req [PRACH]

· Pckt UL Assgn [PACCH]

· RRC Cell Update procedures

· UL TBF Establishment for NAS paging response (Service Request)
MS in PMM_Idle state,but CMM connected.

(How is this scenario possible?)

DL PDUs at GERAN
Cell Update (AS)
· Pckt Paging Req [PPCH] or RRC Paging Req [PCH]

(UL TBF establishment for Cell Update)

· Pckt Ch Req [PRACH]

· Pckt UL Assgn

· RRC Cell Update procedures

· DL TBF Establishment for DL PDU delivery
MS in PMM_Connected state

3.3 Paging in RRC-Cell_Shared State

GERAN knows the MS’s location to the cell level. However, GERAN paging is needed to trigger the MS to send NAS paging response in case of CN paging from either CS or PS domain. 

Table 3. GERAN paging procedures for MS in RRC-Cell_Shared state.

MT Service Scenario
Paging Resp
Paging Procedures
Note



MAC Idle State

(MS camps on (P)CCCH)
MAC Shared State

(MS on PACCH)


CS MT Call RANAP Paging
Paging Response (NAS)
Op 1:

· Pckt Paging Req [PPCH] or RRC Paging Req [PCH]

· Ch Req [RACH]

· Immd Assgn [AGCH]

· Paging Resp [SDCCH] 
Op 1: (drop current TBF)

· Pckt Paging Req [PACCH]

· Ch Req [RACH]

· Immd Assgn [AGCH]

· Paging Resp [SDCCH]
This is class B, or class A-DTM R99 operation. 



Op 2: same as in RANAP paging for PS domain (below)
Op 2: (not drop current TBF)

· Pckt Paging Req [PACCH]

· “DTM Req” [PACCH]

· “DTM Assgn Cmd” [PACCH]

· Paging Resp [SDCCH]
DTM Req and 

DTM Assgn Cmd

are new messages that allow DPSCH allocation on PACCH.  

DL PDU/signaling at SGSN

(RANAP Paging)
Service Request (NAS)
· Pckt Paging Req [PPCH] or RRC Paging Req [PCH]

(establish UL TBF to send NAS paging resp)

· Pckt Ch Req [PRACH]

· Pckt UL Assgn [PACCH]

· Pckt UL Transfer (Service Req)
· Pckt Paging Req [PACCH]

(establish UL TBF to send NAS paging resp)

· Pckt Rsrc Req [PACCH] or Pckt UL/DL Ack

· Pckt UL Assgn [PACCH]

· Pckt UL Transfer (Service Req)
MS is in PMM-Idle state.

DL PDUs at GERAN
No GERAN paging required.
(establish DL TBF)

· Pckt DL Assgn [PAGCH]

· Pckt Cntl Ack [PACCH]

· DL Data Transfer [PDTCH]
(establish DL TBF)

· Pckt DL Assgn [PACCH]

· Pckt Cntl Ack [PACCH]

· DL Data Transfer [PDTCH]
MS in PMM-Connected state.

3.4 Paging in RRC-Cell_Dedicated state.

GERAN paging is used in this state to notify/page the MS of a CN paging and to trigger NAS paging response for the CN.

Table 4. GERAN paging procedures for MS in RRC-Cell_Dedicated state.

MT Service
Paging Resp
Paging Procedures
Note



MAC Dedicated State

(SDCCH/FACCH/PACCH)
MAC DTM State 

(SDCCH/FACCH/PACCH)


CS MT Call

(RANAP Paging)
Paging response (NAS)
· Pckt Paging Req [PACCH] or RRC Paging Req or Pckt Notification

(Resource allocation for CS call signaling)

· Paging Response
· Pckt Paging Req [PACCH] or  RRC Paging Req or Pckt Notification

(Resource allocation for CS cal signaling)

· Paging Response
MS in PMM-Connected state on DPSCH.

DL PDU/signaling at SGSN

(RANAP Paging)
Service Request (NAS)
· Pckt Notification

· Service Request 
N/A
MS in PMM-Idle state and CMM-Connected.

DL PDU arrive at GERAN

· Pckt DL Assgn [PACCH]

(DL TBF establishment)

· DL data transfer

How to establish TBF for DL PDU on FACCH/SDCCH?
· Pckt DL Assgn [PACCH]

(DL TBF establishment)

· DL data transfer
MS in PMM-Connected state

4 Summary

Following observations are made based on the analysis presented in the contribution.

· GERAN paging is performed whenever there is CN RANAP paging.

· GERAN initiated paging occurs when DL PDU or DL signaling received at GERAN for MS in RRC-GRA_PCH state.

· RRC controls the overall paging decision in GERAN and decides if RRC paging procedure (04.18) or MAC paging procedure (04.60) is to be used. 

· When the MS is in MAC Idle state and listens to PCCCH, MAC packet paging procedure is used.

· When the MS is in MAC Shared state, MAC DTM state, or MAC Dedicated state and the MS listens to PACCH, MAC packet paging procedure is used.   

It is necessary to resolve the following issues in order to progress the GERAN stage 3 work for R5. 

· Which channel, CCCH or PCCCH, an Iu mode mobile listens to when in RRC-Idle state? Is it an acceptable working assumption that an Iu mode mobile, in RRC-Idle state, listens to PCCCH when PCCCH is supported in the cell?

· For Iu mode CS MT call, should subsequent signaling in response to the GERAN paging be carried on SDCCH, as in R99 CS services? Or, packet-access procedures (as for Iu-ps PS domain services) should be used? What is the RRC procedure for Iu mode CS mobile originated service?

· What is the DTM definition for Iu mode? In R99, a mobile in DTM is defined as having resources for an RR connection and simultaneous resource allocated for a TBF. In R5, a mobile in MAC DTM state is defined as having both dedicated and shared physical sub-channels allocated, but not necessarily having Iu-cs and Iu-ps connections simultaneously. Is it acceptable that Iu mode DTM is defined based on the MAC DTM definition, i.e. not associated with services? 

· Is it acceptable that packet paging procedure is segregated between Iu mode mobiles and A/Gb mode mobiles? In other words, Packet Paging Request may be used to page multiple mobiles, either all Iu mode mobiles, or all A/Gb mode mobiles, but not a mixture of Iu and A/Gb mode mobiles.  
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