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Paging open issues

1. Introduction

The paging concept paper [1] and Paging CR [2], along with discussions at the RRC phone conference (16/11/01), have identified a number of open issues with the paging concept.  The intention of this paper is to promote discussion and facilitate resolution of these issues so that text describing the paging solution can be added to the new Iu mode RRC specification.

2. Open Issues

2.1 RRC and MAC Paging

Current Working assumptions:
At the last meeting (GERAN #6bis) there was a discussion on when a paging message would be sent by the RRC or by the MAC.  

	
	
	Channel used for paging message

	
	
	PCCCH
	PACCH
	FACCH
	FACCH-sh1

	MS RRC State
	RRC-Cell_Shared
	MAC
	MAC
	N/A
	RRC1?

	
	RRC-Idle
	MAC
	N/A
	N/A
	N/A

	
	RRC-GRA_PCH
	MAC
	N/A
	N/A
	N/A

	
	RRC-Dedicated
	N/A
	MAC
	RRC/MAC1?
	RRC1?


 1 Paging on FACCH and FACCH-sh is ffs

At the RRC telephone conference (16/11/01), this idea was extended to include a mandatory PCCCH, hence making all paging on common control channels MAC pages.  The following assumptions were made:

1. MAC paging shall be triggered by RRC in the BSS, upon receipt of a paging request from higher layers, and use an RLC/MAC control message (Packet Paging request) – relevant IE’s shall be sent in a new PAGING RRC(MAC service primitive.

2. MAC in the MS shall read all MS identifiers present in a received packet paging request message, and if a match with the assigned MS identity is found (G-RNTI, NAS-ID etc), MAC shall pass all relevant IE’s to the RRC layer in a new PAGING service primitive.

Problem:

Assumption 2 requires that the MAC in the MS be kept informed of all currently assigned MS identities.  This duplicates information held at the RRC layer, and will require new primitives to be sent between RRC and MAC every time an identity is updated, which can happen frequently in the case of G-RNTI.  

Proposal:

The MAC in the MS passes information from every paging message received to the RRC layer, and RRC determines whether to act upon it or not.  This keeps the complexity of the MAC layer to a minimum, and removes the need for knowledge of MS identities at the MAC layer of the MS for paging purposes.

New primitives need to be added to 44.060 and 44.abc [2] to define this behaviour.

2.2 Dedicated paging

Current Working assumptions:

Dedicated paging will be a function of RRC, and sent over SRB2 for an MS in either MAC_Shared and MAC_dedicated states.

Problem:

If the MS is in RRC-Cell_Shared, and requires a paging to be sent, information is passed to the MAC layer, and depending upon the state, the paging is sent ciphered or unciphered (Ciphered if the MS is in MAC_Shared and the paging message is sent on SRB2, unciphered if the MS is in MAC_Idle and the paging is sent on PPCH). In the case of SRB2 additional integrity protection should be provided in the primitive and added to the paging message. 

To avoid the RRC SN for Integrity Protection between MS and GERAN running out of phase, RRC has to know how the paging request will be transferred (e.g. via PPCH or SRB2), i.e. RRC has to know about the MAC-state for this subscriber which would result in a coupling between MAC State-Event machine and RRC in the BSC.

Proposal:

To avoid the coupling between the MAC and RRC in the BSC that this would entail, it is proposed that dedicated paging for an MS in RRC-Cell_Shared becomes a function of the MAC and be sent on the PACCH.  This is in line with current paging procedures for an MS in RR-Packet transfer mode in GPRS.  Also, given that paging on the PPCH is MAC paging, and information is proposed to be passed from RRC to MAC in a new service primitive, this would align the dedicated paging procedures for an MS in RRC-Cell_Shared with the procedures for paging on PPCH in RRC-Cell_Shared.

In order to reduce complexity and for the sake of consistency, it is also proposed to make the dedicated paging message (to be sent if an MS is in RRC-Cell_Dedicated) a MAC message.  Hence, if RRC receives any paging message, or DL_Data message from the CN, which requires GERAN to initiate a pging request, it shall use the proposed paging service primitive regardless of the RRC/MAC state of the MS  

2.3 Definition of dedicated paging message

Current Working assumptions:

To introduce a new dedicated paging message for use on SRB2.

Proposal:

It was proposed during the RRC Telco that  the paging type 2 message [4] be modified and included in the GERAN RRC specifications for use on FACCH and FACCH-shared 
as “Dedicated Paging” message.  The proposed message definition can be seen in Annexe B in tabular format. 

However if the proposal of section 2.2 is approved, then the dedicated paging message becomes a MAC message and should be defined in 44.060.  In this case, the definition of this message is ffs.
2.4 Modification of current paging messages

Current Working assumptions:

Current paging messages will be extended and used wherever possible.

Problem:

Packet paging request message [5] requires extension to include the following information:

· G-RNTI

· CN Domain Identity

· Paging cause

· Channel needed

· Paging record type identifier

The proposed coding can be found in Annexe B.

2.5 Split_PG_Cycle

Current Working assumptions:

N/a

Problem:

The MSC and BSC both need to know the value of split_PG_cycle that the MS has negotiated with the SGSN in order to allow successful determination of the paging subchannel which the MS is using.  Hence, some mechanism needs to be determined in order to pass this information from the SGSN to the MSC/BSC.  Current proposals include the modification of RANAP messages (LA update and IMSI attach) in order to inform the MSC and ffs to inform the BSC.

Proposal:

ffs

2.6 Paging response

Current working assumption:


Paging responses need to be defined for all MS RRC/MAC states

Proposal:

The following table should be recommended as a working assumption for paging responses.

	
	
	
	Paging initiated by:

	RRC Mode
	RRC State
	MAC_State
	GERAN
	CS CN
	PS CN

	Idle
	RRC-Idle
	MAC_Idle
	N/A
	Service request1
	Service Request1

	Connected
	RRC-GRA_PCH
	MAC_Idle
	Cell Update
	Service request2
	Service Request2

	
	RRC-Cell_Shared
	MAC_Idle
	Cell Update
	Service request
	Service request


	
	
	MAC_Shared
	N/A
	Service request
	Service request3

	
	RRC-Dedicated
	MAC_Dedicated
	N/A
	Service request 3
	Service request

	
	
	MAC_DTM
	N/A
	Service request3
	Service request3
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ANNEXE A: 
Packet Paging Request

This message is sent on the PCCCH by the network to trigger channel access by up to four mobile stations, for either TBF or RR/RRC connection establishment. It may also be sent on PACCH to a mobile station in packet transfer mode to indicate page request for RR connection establishment or on PACCH to an MS in RRC Connected mode. The mobile stations are identified by either IMSI, TMSI, P-TMSI or G-RNTI. Depending on the method used to identify the mobile station, 1 - 4 mobile stations can be addressed in the message. Special requirements for the transmission of this message on PACCH applies, see 3GPP TS 45.002.
Message type:
PACKET PAGING REQUEST MESSAGE

Direction:
network to mobile station

Classification:
distribution message

Table 11.2.10.1: PACKET PAGING REQUEST message content

	< 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 < Iu paging information : < Iu paging information 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) >



| 1
< 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> > ;



	< Iu Paging information struct > ::=


{ 00 <G-RNTI : bit (32) >

| 01 < PTMSI : bit (32) >

| 10 < TMSI : bit (32) >

| 11 < Length of Mobile Identity contents : bit (4) >



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

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

{ <CN Domain Identity> : bit (1) }

{ 0 | 1 <Paging Record Type Identifier : bit (3) > }

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


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


	PTMSI (32 bit field)
The Packet Temporary Mobile Station Identity (PTMSI) is defined in 3GPP TS 23.003. This field is encoded as a binary number.
Range 0 to 4294967295

	TMSI (32 bit field)
TMSI is a unique Temporary Mobile Subscriber Identity. TMSI is associated with the mobile subscriber and defined in 3GPP TS 23.003. This field is coded as a binary number.
Range 0 to 4294967295

	CHANNEL_NEEDED (2 bit field)
The channel needed field indicates which type of channel is needed for the mobile station for the transaction linked to the paging procedure. The field is coded according to following table:

bit
2 1
0 0

Any channel
0 1

SDCCH
1 0

TCH/F (Full rate)
1 1

TCH/H or TCH/F (Dual rate)

	Mobile Identity (variable length octet string)
This octet string is the representation of the Mobile Identity. It shall provide the international mobile subscriber identity, IMSI. The encoding of this octet string is the value part (starting with octet 3) of the type 4 information element Mobile Identity defined in 3GPP TS 44.018.

Any value other than IMSI for the type of identity in this octet string is spare. Such mobile identity shall be disregarded by the receiver but any further occurrence of the Repeated Page Info struct in the message shall be analysed.

	eMLPP_PRIORITY (3 bit field)
The optional eMLPP_PRIORITY field relates to Mobile Station Identity i(i = 1,2,3,4) and may only be present when the page relates to a paging request to trigger RR connection establishment. The eMLPP_PRIORITY field is coded as the Priority field defined in the P1 Rest Octets information element in 3GPP TS 44.018.

	G-RNTI (32 bit field)
The G-RNTI is a GERAN-Radio Network Temporary Identity which is assigned by the BSC during RRC procedures as defined in 3GPP TS 44.abc.  The G-RNTI field is encoded as a binary number.
Range 0 to 4294967295

	Paging Cause (3 bit field)
The Paging cause field indicates the reason for paging for a CN page.  The Paging Cause field is not present if the page is originated by the GERAN.  The field is coded according to the following table:

bit

3 2 1

0 0 0 
Terminating Conversational Call

0 0 1
Terminating Streaming Call

0 1 0
Terminating Interactive Call

0 1 1
Terminating Background Call

1 0 0
Terminating High Priority Signalling

1 0 1
Terminating Low Priority Signalling

1 1 0
Terminating – cause unknown
1 1 1
reserved

	CN Domain identity
This feld is used to determine the originating entity of the page.  Either CS or PS CN.  If the page is GERAN originated, it identifies the CN domain which sent the message which triggered the GERAN originated page.  The field is coded according to the following table:

Bit

1

0 

CS CN

1 

PS CN

	Paging Record Type Identifier

This field is used to determine the CN domain identifier used in the RANAP message sent from the CN to GERAN.  The filed is coded according to the following table:

Bit

2 1 

0 0

IMSI (GSM-MAP)
0 1

TMSI (GSM-MAP)/ P-TMSI
1 0

IMSI (DS-41) 
1 1

TMSI (DS-41)


Note
 Since the < Repeated Page info > field is mandatory for at least one value, it is proposed to develop an invalid coding for this struct with the minimum number of bits.  This will allow any legacy MS’s to read the packet paging request message and discard it as though it were not addressed to the legacy MS.  The specifics of this coding are ffs.  
ANNEXE B


X.X.X.X
Dedicated Paging
This message is used to page an MS in RRC-connected mode, when using the FACCH for CN originated paging. 

Note:
This message will be either an RRC message or a MAC message depending upon the outcome of discussions at this meeting (see section 2.2).  If it is decided upon a MAC message the coding will require translation into CSN.1

RLC mode: Acknowledged

Logical channel: FACCH 

Radio Bearer:
ffs

Direction: GERAN ( MS
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	Message Type
	MP
	
	Message Type
	

	UE information elements
	
	
	
	

	RRC transaction identifier
	MP
	
	RRC transaction identifier 10.3.3.36
	

	Integrity check info
	CH
	
	Integrity check info 10.3.3.16
	

	Paging cause
	MP
	
	Paging cause 10.3.3.22
	

	CN Information elements
	
	
	
	

	CN domain identity
	MP
	
	CN domain identity 10.3.1.1
	

	Channel Needed
	CV
	
	Channel Needed

10.x.x.x
	From 44.018.  

	Paging Record Type Identifier
	MP
	
	Paging Record Type Identifier 10.3.1.10
	


10.3.3.36
RRC transaction identifier

This IE contains an identification of the RRC procedure transaction local for the type of the message this IE was included within.
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	RRC transaction identifier
	MP
	
	Integer (0..3)
	


10.3.3.16
Integrity check info

The Integrity check info contains the RRC message sequence number needed in the calculation of XMAC-I [40] and the calculated MAC-I.

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	Message authentication code
	MP
	
	bit string(32)
	MAC-I [40]. The Message Authentication Code bits are numbered b0-b31, where b0 is the least significant bit. The 27 MSB of the IE shall be set to zero and the 5 LSB of the IE shall be set to the used signalling radio bearer identity when the encoded RRC message is used as the MESSAGE parameter in the integrity protection algorithm.

	RRC Message sequence number
	MP
	
	Integer (0..15)
	The local RRC hyper frame number (RRC HFN) is concatenated with the RRC message sequence number to form the input parameter COUNT-I for the integrity protection algorithm.

The IE value shall be set to zero when the encoded RRC message is used as the MESSAGE parameter in the integrity protection algorithm.


10.3.3.22
Paging cause

Cause for a CN originated page.

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	Paging cause
	MP
	
	Enumerated(

Terminating Conversational Call,

Terminating Streaming Call,

Terminating Interactive Call,

Terminating Background Call, Terminating High Priority Signalling,

Terminating Low Priority Signalling,

Terminating – cause unknown

)
	


10.3.1.1
CN domain identity

Identifies the type of core network domain.

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	CN domain identity
	MP
	
	Enumerated (CS domain, PS domain)
	


10.3.1.10
Paging record type identifier

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	Paging record type identifier
	MP
	
	Enumerated (IMSI (GSM-MAP), TMSI (GSM-MAP)/ P-TMSI, IMSI (DS-41), TMSI (DS-41))
	


10.x.x.x
Channel Needed
This IE is present if the CN Domain indicator indicates a page from the CS CN.  Otherwise it is not present.
The purpose of the Channel Needed information element is to  indicate to up to two mobile stations which type of channel is needed (for each mobile station) for the transaction linked to the paging procedure.

The Channel Needed information element is coded as shown in Figure 10.5.2.8.1/3GPP TS 44.018 and Table 10.5.2.8.1/3GPP TS 44.018.

The Channel Needed is a type 1 information element.

	8
	7
	6
	5
	4
	3
	2
	1
	

	Channel Needed
IEI
	CHANNEL
(second)
	CHANNEL
(first)
	octet 1


Figure 10.5.2.8.1/3GPP TS 44.018: Channel Needed information element

Table 10.5.2.8.1/3GPP TS 44.018: Channel Needed information element

	 CHANNEL (octet 1)                                

 Bits                                             

 2/4  1/3                                         

  0    0    Any channel.                          

  0    1    SDCCH.                                

  1    0    TCH/F  (Full rate).                   

  1    1    TCH/H or TCH/F  (Dual rate).          

 If this information element is used for only one 

 mobile station, then the first CHANNEL field is  

 used and the second CHANNEL field is spare.      




1 Requires the MS to Initiate an RRC connection setup procedure before sending a service request


2 Requires the MS to Initiate a cell update procedure before sending a service request


� Uncommon case, but possible
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