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Initial Access Options for an MS in Iu-mode

1. Introduction

This paper describes the problems associated with the variety of options available regarding which type of resource/logical channel should be allocated in response to a Packet Channel Request message (PCR) for Release 5 Iu-mode mobiles.  It is a working assumption that a Channel Request message (CR) will only used in Iu-mode in order to establish a TCH for Iu-CS voice.

“Initial access” in this paper refers to the following situation:

· R5 MS is in MM-Connected mode (having performed e,g, GPRS Attach to 3G CN), RRC-Idle mode, MAC-Idle state

· R5 MS is camped on PCCCH (if available in the cell), or CCCH (if not)

· R5 MS sends PCR message (on PRACH or RACH respectively) in order to establish radio resources for Iu-mode bearer(s)

This PCR message is henceforth referred to as the “initial access” message

Currently under discussion is the optional information that could be indicated in the initial access message:

1. MS requires an Iu-mode access

2. MS requires an SRB 

3. MS requires SRB x (indicated using SRB ID)

4. MS requires the SRB to be set up on a TBF (on a PDTCH, PACCH….)

5. MS requires the SRB to be set up on an SDCCH

6. MS requires dedicated resources for URB

7. MS requires shared resources for URB

This paper does not deal with points 1, 2, or 3 directly, indicating an SRB access is dealt with in [4].  Point 1 is implicitly handled due to the nature of the changed messages for R5.  See section 2.3.

Points 4 and 5 refer to the choice of logical channel and resource type required for the SRB.  All SRBs will use the RLC/MAC protocol, these messages can be sent over a traditional logical channel for a TBF (PDTCH, PACCH) or over another type of logical channel previously not used for a TBF (SDCCH, FACCH, SACCH).  See section 2.1 for a description of this issue.

Points 6 and 7 refer to a possible consideration of the user-plane resources to be requested after SRB set up.  If the end result of performing RRC connection set up is that dedicated resources are required, it seems more acceptable to allocate dedicated resources for the necessary signalling beforehand.  If, however, shared resources are required, it seems only necessary to allocate shared resources for the signalling.

2. Problem Description

The main issue of the choice of logical channel for the SRB is described here together with two additional concerns, the protocol stack to be used and the state transitions incurred in MS and GERAN during initial access.

Choice of resources for SRB according to resource requirements for URB

2.1. Choice of logical channel for SRB 

The MS requires SRB 2 for initial access (for RRC Signalling for Access Stratum messages with acknowledged mode RLC).

This SRB may be established on the following logical channels, see Figure 1:

· PDTCH on SBPSCH 

· PDTCH on DBPSCH 

· SDCCH on DBPSCH

· Any other configuration is FFS.

	Signalling Link Establishment (Uplink)
	After Establishment

	RRC Mode
	RRC State
	MAC State
	TBF Establishment
	Logical Channel used for resource request
	Logical Channel and BPSCH used for the TBF
	New MAC State

	Idle
	-
	Idle
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	(P)RACH
	PDTCH
	SBPSCH
	Shared

	
	
	
	
	
	
	DBPSCH
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	Implicit
	RACH
	SDCCH
	DBPSCH
	


Figure 1: SRBs, TBF and logical channels – excerpt from GP-011688 [3]
Taking the options described in Figure 1, an unsolved situation is highlighted in grey in Figure 2.  

If the MS requires dedicated resources and sends an 8-bit PCR initial access message on the RACH, the network can choose between allocating a TBF on either a PDTCH or on an SDCCH.

The implications of the different message flows are analysed in section 3.3.

	Parameters to be taken into account


	Result

	MS RRC State
	MS MAC State
	PCCCH available?
	Therefore initial access on
	Resources required
	Message for initial access
	RRC Signalling performed on

	RRC-Idle
	MAC-Idle
	No
	RACH
	Shared
	PCR (8-bit)
	PDTCH on SBPSCH

	
	
	
	
	Dedicated 
	PCR (8-bit)
	PDTCH on DBPSCH

	
	
	
	
	Dedicated
	PCR (8-bit)
	SDCCH on DBPSCH

	RRC-Idle
	MAC-Idle
	Yes
	PRACH
	Shared
	PCR (11-bit)
	PDTCH on SBPSCH

	
	
	
	
	Dedicated
	PCR (11-bit)
	PDTCH on DBPSCH


Figure 2: Initial Access Options available regarding resource allocation

2.2. Optimal State Transitions

It is also important to ensure the optimality of the state transitions that occur during initial access by the mobile until it obtains resources for a URB (dedicated or shared).  

In the case described above, when the network has the choice of whether to allocate a TBF on a PDTCH or on an SDCCH, the state transitions are markedly different.  See section 3 for more.

2.3. Signalling Protocol Stack

An additional problem is that the network needs to know which protocol stack to configure to receive the message following the Packet Channel Request message (PCR).  

If the GERAN receives a modified PCR, requesting SRB access, specific resources for RRC connection setup or similar, it can deduce that the MS is in Iu-mode and can configure the RLC/MAC protocol to receive the subsequent messages from the MS.  Otherwise, the GERAN can only assume it is a legacy mobile attempting access and will configure LAPDm to receive an A/Gb-mode signalling message. (See Figure 3)
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Figure 3: Example of protocol uncertainty

3. Example Procedures for Requesting of Dedicated Resources

This section takes an example scenario to illustrate the difference between using an SDCCH and using a TBF for RRC signalling when the MS wishes to initiate an uplink communications from RRC-Idle.  The two options are explored via message sequence charts showing the state transitions involved for the MS.  

The scenario described in both options involves an Iu-mode MS camped on the CCCH that is RRC-Idle and wishes to gain some dedicated resources for an uplink TBF on a DBPSCH.  It first has to establish an RRC connection before requesting resources for the TBF.  

3.1. Use of SDCCH for RRC signalling

In this section it is assumed that the network allocates an SDCCH for the RRC signalling rather than a TBF.  A number of issues are uncovered that are not clear at the moment.  
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Figure 4
Use of SDCCH for RRC Signalling – Request for Dedicated Resource

In the first option the SDCCH is used for the RRC connection messages and then released.  In order to establish a URB, the MS needs to return to the RACH to send a PCR message.  The network can allocate a TBF on either dedicated or shared resources in order for the MS to specify the URB required (using RB reconfiguration or similar).  The PACKET_TIMESLOT_RECONFIGURE message (PTR) can then be used to reconfigure the resources to match the URB request.

In the second option, a RB reconfiguration message (or similar) is sent directly on the uplink SDCCH rather than using a Packet Channel Request on the RACH.  The network can immediately assign the requested URB resources.

Open Issues:

· When and how is the SDCCH released?

· Does having an SDCCH mean that the MS is in RRC-Cell_Dedicated state? (The stage 2 description tends to indicate this to be so) 

· What state does the MS move into once the SDCCH channel is dropped? (RRC-GRA_PCH, MAC-Idle or RRC-Cell_Shared, MAC-Idle?)

3.2. Use of TBF for RRC signalling

Any RRC signalling needs to be carried by an SRB, currently SRB2 is envisaged.  SRB2 requires a TBF with acknowledged mode RLC, this can be set up in several ways.  In the example given in Figure 5 we assume that a TBF is established on a PDTCH on a SBPSCH.  This means that a Packet Timeslot Reconfigure (PTR) message can be sent on the PACCH to change the resources to those requested (a TBF on a PDTCH on a DBPSCH).  


[image: image3.wmf]MS

PCR

BSS

(RACH)

RRC-Idle, MAC-Idle

Imm. Ass. (TBF)

(AGCH)

RRC Conn. Req.

(TBF on PDTCH on DBPSCH)

RRC Conn. Setup

RRC Setup Complete.

RRC-Idle,

MAC-Dedicated

RRC and MAC

States

PTR [ TBF on DBPSCH ]

(PACCH)

URB data

PDA.

(PACCH)

(TBF on PDTCH on DBPSCH)

(TBF on PDTCH on DBPSCH)

(TBF on PDTCH on DBPSCH)

RB reconfiguration [ indicating URB ]

(TBF on PDTCH on DBPSCH)

RRC-Connected,

RRC-Cell_Dedicated,

MAC-Dedicated


Figure 5
Use of TBF on PDTCH for RRC Signalling – Request for Dedicated Resource

Open Issues:

· Is the state RRC-Idle, MAC-Dedicated valid? 

· What is the message flow for URB set-up and on which logical channel is it performed?

· Is the URB set-up message carried on a different SRB than the RRC Set-up complete?  If so a second TBF needs to be established or the RB to TFI mapping changed.

3.3. Advantages and Disadvantages

Comparing the two approaches to the initial access scenarios outlined in sections 3.1 and 3.2 leads to the following observations.  

Allocation of a TBF on a DBPSCH is probably a more flexible method of handling the RRC signalling than using an SDCCH.  It allows the network more flexibility in bandwidth allocated (and therefore the ability to reduce delay) than the SDCCH channel. 

If the existing SDCCH channel cannot be used for RB set-up/reconfiguration messages (option 1 in Figure 4) then a second RACH access and immediate assignment are required which loads the CCCH and increases delays in the set-up procedure.  

4. Proposed Changes

In some circumstances, as illustrated in section 3, it would be better for the network to allocate a TBF for the initial RRC signalling.  In other circumstances it may be better for the network to allocate an SDCCH.  However, the network cannot currently determine whether the MS would eventually like to have dedicated or shared resources.  

By changing the structure of the PCR message, specifically adding two code points, it is possible to inform the network that the MS is Iu-mode capable and which type of resource is required.  Section 5 gives a suggested coding for the PCR (both 8 bit and 11 bit) in order to introduce this feature.  

This change has two benefits.  Firstly the network knows whether the mobile is Iu-mode or A/Gb-mode from the PCR.  This means that it can prepare the appropriate protocol stack for the signalling message (RLC/MAC or LAPDm).  The second benefit is that the network can optimise the process of providing the resources in terms of deciding whether to allocate a TBF or SDCCH for RRC signalling depending on the ultimate goal of the access.  

5. Coding of the PACKET CHANNEL REQUEST

5.1. Packet Channel request

The coding of the 8-bit and the 11-bit PACKET CHANNEL REQUEST message as defined in [2] is shown below in Table 1 and Table 2.  Also shown in light blue in these tables is a possible extension to the messages to indicate a request for dedicated resources or shared resources.  

	< Packet channel request 11 bit message content > ::=


| < One Phase Access Request :





0


< MultislotClass : bit (5) >





















< Priority : bit (2) >





















< RandomBits : bit (3) > >


| < Short Access Request :






100

< NoOfBlocks : bit (3) >





















< Priority : bit (2) >





















< RandomBits : bit (3) > >


| < Two Phase Access Request :





110000
< Priority : bit (2) > 





















< RandomBits : bit (3) > >


| < Page Response :








110001
< RandomBits : bit (5) > >


| < Cell Update :










110010
< RandomBits : bit (5) > >


| < MM Procedure :









110011
< RandomBits : bit (5) > >


| < Single Block Without TBF Establishment :

110100
< RandomBits : bit (5) > > 


| < Dedicated Resource Request:





110101
< RandomBits : bit (5) > >


| < Shared Resource Request:





110110
< RandomBits : bit (5) > >;


Table 1
Possible Coding of the 11 bit Packet Channel Request Message – Based on 44.060

	< Packet channel request 8 bit message content > ::=


< One Phase Access Request :





1


< MultislotClass : bit (5) >





















< RandomBits : bit (2) > >


| < Short Access Request :






00


< NoOfBlocks bit (3) >





















< RandomBits : bit (3) > >


| < Two Phase Access Request :





01000

< RandomBits : bit (3) > >


| < Page Response :








01001

< RandomBits : bit (3) > >


| < Cell Update :










01010

< RandomBits : bit (3) > >


| < MM Procedure :









01011

< RandomBits : bit (3) > >


| < Single Block Without TBF Establishment :

01100

< RandomBits : bit (3) > > 


| < Dedicated Resource Request:





01101

< RandomBits : bit (3) > >


| < Shared Resource Request:





01110

< RandomBits : bit (3) > >;


Table 2
Possible Coding of the 8 bit Packet Channel Request Message – Based on 44.060

The two additional code points in the PCR messages allows an MS to signal a surprising amount of information to the network.  By using one of the two code points the MS indicates that it is an Iu mode mobile, which type of resource it eventually wants to end up with and that it requires some RRC signalling.  

This information can be used by the network to select the appropriate stack for the RRC signalling (LAPDm or RLC/MAC) and to decide on an optimal allocation of logical channel for the Signalling Radio Bearer.  Note that the network is still in charge and can decide to always allocate an SDCCH or TBF on a PDTCH if it desires.  The proposed mechanism allows the network to make a more informed decision if it wants to.  

6. Conclusions

It has been shown that the network has to make a choice between allocating an SDCCH and a TBF/PDTCH for an MS in Iu-mode requesting dedicated resources in initial access.

Choosing an SDCCH for an SRB does not appear to have any advantages over other logical channels, the fact that it has a rigidly defined allocation structure makes it more inflexible than a DBPSCH.  However this might be an appropriate choice where dedicated resources are eventually required.

It is proposed that the type of resource required be indicated in the PCR “initial access” message, in order for the network to appropriately allocate resources.  The coding is shown in section 5.1.  This would leave the network free (according to transient conditions) to allocate either an SDCCH or a DBPSCH for dedicated resources.

When shared resources are required, a TBF on a SBPSCH would be used.

This solution allows the highlighted points to be indicated in the “initial access” PCR message and works in conjunction with other proposals [4] allowing an indication of points 2 and 3.

1. MS requires an Iu-mode access

2. MS requires an SRB 

3. MS requires SRB x (indicated using SRB ID)

4. MS requires the SRB to be set up on a TBF (on a PDTCH, PACCH….)

5. MS requires the SRB to be set up on an SDCCH

6. MS requires dedicated resources for URB

7. MS requires shared resources for URB

It is also likely that this information would be more widely applicable than simply for initial access.  
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