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GERAN Iu Mode Paging Principles

1 Introduction

The goal of this contribution is to summarise how paging shall be done in GERAN Iu mode. Also paging co-ordination between CS and PS domains and mobile identity in paging message are described.

2 Background

The GERAN Stage 2 defines that RRC states that are related to paging are: RRC GRA_PCH, RRC Cell_Shared and Idle mode.

3 Paging procedures

The selection of CCCH or PCCCH and used paging procedures are proposed to be dependent on the RRC state, and whether the PCCCH is supported in the cell or not. 

The used channels should not depend on the domains the MS is attached. The following scenario highlights one problem with attach based channel selection:

1. MS establishes RRC connection, and attaches to PS domain.

2. RRC connection is closed, GERAN removes all information related to that MS (PS domain attach remains).

3. MS establishes RRC connection, and attaches to CS domain.

4. MS is now attached to both CS and PS domain, but GERAN does not know  about the attachment to PS domain. Thus the camping and paging channel selection can not be based on attached domains. 

3.1 Idle mode paging

MS operating in Iu mode shall camp on CCCH, and GERAN shall page the MS on CCCH as illustrated in Figure 1.

In Idle Mode the MS is identified by non-access stratum identities such as IMSI, TMSI and P-TMSI.
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Figure 1. Paging procedure on CCCH in RRC-idle state

3.2 RRC Cell_Shared State paging

MS operating in Iu mode shall camp on PCCCH, if PCCCH is supported in the cell. In case when PCCCH is not supported, then procedures on CCCH shall be used. GERAN shall page the MS for CS service on PCCCH (or on CCCH, if PCCCH is not supported) if MAC is in Packet idle mode. The paging procedure on PCCCH and on CCCH are depicted in Figure 2 and Figure 3. If MAC is in Packet transfer mode, paging on PCCCH (CCCH) is not needed but paging request is sent on PACCH to the MS.
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Figure 2. Paging procedure on PCCCH for RR connection in RRC-Cell_shared state
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Figure 3. Paging procedure on CCCH for RR connection in RRC-Cell_shared state

On PCCCH or on CCCH, no paging is used in Cell_Shared state for PS domain (Iu-ps), but resource allocations (with PACKET DOWNLINK ASSIGNMENT message on PCCCH, or with IMMEDIATE ASSIGNMENT message on CCCH) can be done immediately. 

3.3 RRC GRA_PCH State paging

In this state, if the network wants to initiate any activity, it shall make a paging request on the PCCCH logical channel within the GRA where the MS is. The identifier used in the paging is G-RNTI. MS operating in Iu mode shall camp on PCCCH, and GERAN shall page the MS on PCCCH, if PCCCH is supported in cell. The paging procedure in this case for the RR connection is the same as depicted in Figure 2. The paging procedure for PS connection is depicted in Figure 4. 
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Figure 4. Paging procedure for packet data in RRC-GRA_PCH state on PCCCH

If PCCCH is not supported, then procedures on CCCH shall be used. The paging procedure in this case for RR connection is the same as in Figure 3. The paging procedure for PS connection is depicted in Figure 5.
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Figure 5. Paging procedure for packet data in RRC-GRA_PCH state on CCCH

3.4 Timers related to RRC states

No READY timer, or corresponding new timer in RRC, that would cause transition from RRC Cell_Shared to RRC GRA_PCH state is proposed to exist Iu mode. The MS shall stay in RRC Cell_Shared state as long it receives in Cell Update Confirm message a order to change to RRC GRA_PCH state.

There is however a need to do periodical Cell Updates while staying long time in one cell, i.e. there must be possibility to supervise that the MS is still reachable in the cell. This requires a periodical Cell Update timer to RRC. This timer should be controllable by the operator, and there should be also the option to disable periodical updates. 

There is also a need for periodical GRA Updates in GRA_PCH state. This requires a periodical GRA Update timer to RRC. This timer should be controllable by the operator, and there should be also the option to disable periodical updates.

3.5 Paging Co-ordination

CS and PS pagings are co-ordinated by UTRAN. The paging co-ordination is using optionally Gs interface.

In GERAN Iu mode the pagings must be co-ordinated also by RRC without the Gs interface. 

In the following is described how the paging is done on the air interface:

· In RRC Cell_Dedicated state paging (from the other CN domain where the current connection is) is send on FACCH or PACCH using RRC or MAC message (Packet paging request or PACKET NOTIFICATION message). 

· In RRC Cell_Shared state, when active TBF exists (i.e. active PS domain connection exists), paging from the CS domain is sent on PACCH using MAC message. 

· In Cell_Shared state, when no active TBF exists, paging from the CS domain is sent on PCCCH using MAC message. (PS domain uses packet channel allocation.)

3.6 Mobile identity in paging message

In RRC connected state the MS is identified using G-RNTI. Therefore G-RNTI has to be included in paging messages used in RRC-GRA_PCH state (both PS and CS pages) and in RRC-Cell_Shared state (CS pages only). G-RNTI should be added both to Packet Paging Request message using the message extension 'padding bits' and to Mobile Identity information element by adding a new identity type "G-RNTI". The both alternatives should be supported in Rel-5.

Table 1 depicts how G-RNTI is added to Packet Paging Request message. If the legacy terminals and Rel-5 terminals are paged using the same message, then all the legacy terminals are identified first. After the legacy terminal part one or more Rel-5 terminals are identified using G-RNTI. Legacy terminals should interpret that part as padding bits. Because the same identity is used for both CS and PS pages the mode of paging is identified after the MS identity i.e. G-RNTI. The total number of mobiles that can be addressed in the message remains the same (4).

Table 1. Packet paging request for Rel-5

< Packet Paging Request message content > ::=


< PAGE_MODE : bit (2) >


{ 0 | 1 < PERSISTENCE_LEVEL : bit (4) >* 4}


{ 0 | 1 < NLN : bit (2) > }


{{ 1 < Repeated Page info : < Repeated Page info struct > > } ** 0

0 !

{1 <Repeated Page info 2 : <Repeated Page info 2 struct>>}**0


< padding bits > } // -- truncation at end of message allowed, bits ‘0’ assumed

 ! < Distribution part error : bit (*) = < no string > > ;



< Repeated Page info struct > ::=


{ 0






-- Page request for TBF establishment

{ 0< PTMSI : bit (32) >


| 1< Length of Mobile Identity contents : bit (4) >


< Mobile Identity : octet (val (Length of Mobile Identity contents)) > }


| 1






-- Page request for RR conn. establishment

{ 0< TMSI : bit (32) >


< Length of Mobile Identity contents : bit (4) >


< Mobile Identity : octet (val (Length of Mobile Identity contents)) > }


< CHANNEL_NEEDED : bit (2) >


{ 0 | 1 < eMLPP_PRIORITY : bit (3) > } }

! < Ignore : bit (*) = <no string> > ;

< Repeated Page info 2 struct > ::=

-- Page request in RRC connected state

{<G-RNTI : bit(32)>

0 -- Page request for TBF establishment

| 1           -- Page request for RR connection establishment
{<CHANNEL_NEEDED : bit(2)>

{0 | 1 <Emlpp_priority : bit(3)>}}

}

! <Ignore : bit(*) = <no string>>;





G-RNTI is added as a new mobile identity type to Mobile Identity IE. The structure of Mobile identity is as follows:

8
7
6
5
4
3
2
1



Mobile Identity IEI
octet 1

Length of mobile identity contents
octet 2

Identity digit 1


odd/

even

indic
Type of identity


octet 3

Identity digit p+1
Identity digit p
octet 4*

G-RNTI shall be defined as a new type of identity.

Type of identity (octet 3)

Bits

3
2
1


0
0
1
IMSI

0
1
0
IMEI

0
1
1
IMEISV

1
0
0
TMSI/P-TMSI

1
1
0
G-RNTI

0
0
0
No Identity  note 1)

The mapping of G-RNTI to the IE is the same as in the case of TMSI/P-TMSI i.e. "if the mobile identity is the TMSI/P-TMSI then bits 5 to 8 of octet 3 are coded as "1111" and bit 8 of octet4 is the most significant bit and bit 1 of the last octet the least significant bit. The coding of the TMSI/P-TMSI is left open for each administration". So 32 bit long G-RNTI is put in octets 4-7.

Mobile identity IE is also used in CCCH in Paging type 1 where it is the only MS identity used, Paging type 2 where it is an optional IE and TMSI/P-TMSI are mandatory. In Paging Type 3 it is not used. Therefore G-RNTI can be used as the mobile identity on CCCH if needed.

4 Conclusions

It is proposed that the principle for paging in RRC connected state is approved, and captured to 43.051 and to 44.018:

In RRC Idle mode, MS operating in Iu mode shall camp on CCCH, and GERAN shall page the MS on CCCH.

In RRC connected state, MS operating in Iu mode shall camp on PCCCH, and GERAN shall page the MS on PCCCH, if PCCCH is supported in cell. If PCCCH is not supported, then procedures on CCCH shall be used.

It is also proposed that it is agreed, and captured to 43.051 and to 44.018, that periodical Cell and GRA Update timers will be supported in Cell_Shared and GRA_PCH states.

Furthermore it is shown how GERAN radio network temporary identity can be added to existing paging messages used on PCCCH and CCCH. Therefore it is proposed that TSG GERAN would ask TSG CN to add G-RNTI to Mobile Identity information element specified in 24.008.
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