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Messages for Multiple TBF Support in A/Gb Mode

1 Introduction

This paper is proposes specific RLC/MAC control messages to be used in support of multiple TBF operation in A/Gb mode where TBFs are realized using PDTCHs. The case where TBFs are realized using evolved PDTCHs (i.e. where the physical layer is FLOC centric) is FFS. Specific RLC/MAC control messages and information elements impacted by multiple TBF operation in A/Gb mode are as follows:
· PACKET RESOURCE REQUEST message

· PACKET UPLINK ASSIGNMENT message

· PACKET DOWNLINK ASSIGNMENT message

· PACKET DOWNLINK ACK/NACK message

· MULTIPLE TBF RESOURCE ALLOCATION message

· MS Radio Access Capability information element

· MS Network Capability information element

2 RLC/MAC Control Message Definitions

Specific proposals for these existing or new RLC/MAC control messages are provided below.

2.1 Packet Resource Request (Existing)

The existing procedures associated with this message must be changed (but not the message itself) to allow it to be sent from a mobile station to the network to establish additional uplink TBFs as follows:

· This message may be sent during a two phase access attempt (i.e. when no TBFs are currently allocated) or when one or more uplink TBFs are already established for a given mobile station (along with any number of downlink TBFs currently established). If one or more uplink TBFs are currently established the mobile station shall set the Global TFI IE to indicate an uplink TFI associated with any of the current uplink TBFs.

· The network shall interpret this message as a request for the establishment of an additional uplink TBF from an A/Gb mode mobile station that is multiple TBF capable when one or more uplink TBFs are currently established. The message therefore provides no implicit request for the network to first release any existing uplink TBF prior to resource allocation for the new uplink TBF.

· The PFI IE shall always be included when this message is sent by an A/Gb mode mobile station that is multiple TBF capable and shall indicate the PFI for which an uplink TBF is requested.

2.2 Packet Uplink Assignment (Existing)

This message shall be modified as shown below in Table 1 to allow the indication of the PFI when an uplink TBF is to be established or an existing uplink TBF is to have its resource re-allocated. This allows a mobile station to determine the difference between the network response to a mobile station request to establish a new uplink TBF and the autonomous decision by the network to re-allocate resources for an existing uplink TBF.

· Existing procedures shall be modified to allow this message to be sent from the network to a mobile station to establish additional uplink TBFs (i.e. when one or more uplink TBFs are already established).

Table 1 - Packet UPlink ASSIGNMENT Message Structure

< Packet Uplink Assignment message content > ::=

< PAGE_MODE : bit (2) >

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

{    { 0        < Global TFI : < Global TFI IE > >

| 10      < TLLI : bit (32) >

| 110    < TQI : bit (16) >

| 111    < Packet Request Reference : < Packet Request Reference IE > > }

{ 0        -- Message escape
{    < CHANNEL_CODING_COMMAND : bit (2) >


           < TLLI_BLOCK_CHANNEL_CODING : bit (1) >


           < Packet Timing Advance : < Packet Timing Advance IE > >


            { 0 | 1
< Frequency Parameters : < Frequency Parameters IE > > }


            { 01
<Dynamic Allocation : < Dynamic Allocation struct > >


             | 10
<Single Block Allocation : < Single Block Allocation struct > >


             | 00
< extension >
                            | 11
-- The value '11' was allocated in an earlier release and shall not be used }


            { null | 0 bit** = < no string > -- Receiver backward compatible with earlier version

| 1


-- Additions for R99
{ 0 | 1 <Packet Extended Timing Advance : bit (2)> }

{ null | 0 bit** = <no string>  -- Receiver backward compatible with earlier version

| 1


-- Additional contents for Release 6
                                         { 0 | 1 < PFI : bit (7) > }}
< padding bits > }

! < Non-distribution part error : bit (*) = < no string > > } 
| 1
 -- Message escape bit used to define EGPRS message contents

{ 00 {
   { 0 | 1 <CONTENTION_RESOLUTION_TLLI : bit(32) > }
       { 0 | 1 < COMPACT reduced MA : < COMPACT reduced MA IE >> }

       < EGPRS Channel Coding Command : < EGPRS Modulation and Coding IE >>

  < RESEGMENT : bit (1) >

  < EGPRS Window Size : < EGPRS Window Size IE >

  { 0 | 1 < Access Technologies Request : Access Technologies Request struct >}

  < ARAC RETRANSMISSION REQUEST : bit (1) >

  < TLLI_BLOCK_CHANNEL_CODING : bit (1) >

  { 0 | 1 < BEP_PERIOD2 : bit(4) > }

  < Packet Timing Advance : < Packet Timing Advance IE > >

  { 0 | 1 <Packet Extended Timing Advance : bit (2)> }

  { 0 | 1
< Frequency Parameters : < Frequency Parameters IE > > }

  { 01
<Dynamic Allocation : < Dynamic Allocation struct > >

   | 10
<Multi Block Allocation : < Multi Block Allocation struct > >

   | 00
< extension >
   | 11
-- The value '11' was allocated in an earlier release and shall not be used
   | 11
< Fixed allocation : < Fixed Allocation struct > > }

  { null | 0 bit** = <no string>  -- Receiver backward compatible with earlier version

                                 | 1


      -- Additional contents for Release 6
    { 0 | 1 < PFI : bit (7) > }
< padding bits > }

! < Non-distribution part error : bit (*) = < no string > > }
! < Message escape : { 01| 10 | 11 } bit (*) = <no string> >  } – Extended for future changes

! < Message escape : 1 bit (*) = <no string> > }
! < Address information part error : bit (*) = < no string > > } 

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



<extension> ::=
-- Future extension can be done by modifying this structure

null ;



New Information Elements: 

PFI (7 bit field)

This field indicates the PFI associated with the uplink TBF being established. When present, this information indicates that a new uplink TBF is being established in addition to any uplink TBFs that may already be established (i.e. all existing uplink TBFs are maintained). This field is encoded as the PFI value in 10.5.6.11 of 3GPP TS 24.008.

2.3 Packet Downlink Assignment (Existing)

This message shall be modified to allow the indication of the PFI for which a downlink TBF is to be established as shown below in Table 2. This allows the network to specifically indicate the PFI for which a downlink TBF is being established.

· Existing procedures shall be modified to allow this message to be sent from the network to a mobile station to establish additional downlink TBFs (i.e. when one or more downlink TBFs are already established).

Table 2 - Packet Downlink ASSIGNMENT Message Structure

< Packet Downlink Assignment message content > ::=

< PAGE_MODE : bit (2) >

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

{    { 0
< Global TFI : < Global TFI IE > >

| 10
< TLLI : bit (32) > }

{ 0
-- Message escape
{      < MAC_MODE : bit (2) >



< RLC_MODE : bit (1) >



< CONTROL_ACK : bit (1) >



< TIMESLOT_ALLOCATION : bit (8) >



< Packet Timing Advance : < Packet Timing Advance IE > >



{ 0 | 1 < P0 : bit (4) >



          < BTS_PWR_CTRL_MODE : bit (1) > 
 

          < PR_MODE : bit (1) > }

{    { 0 | 1 < Frequency Parameters : < Frequency Parameters IE > > }



     { 0 | 1 < DOWNLINK_TFI_ASSIGNMENT : bit (5) > }



     { 0 | 1 < Power Control Parameters : < Power Control Parameters IE > > }



     { 0 | 1 < TBF Starting Time : < Starting Frame Number Description IE > > }



     { 0 | 1 < Measurement Mapping : < Measurement Mapping struct > > }
{ null | 0 bit** = <no string>  -- Receiver backward compatible with earlier version

| 1
-- Additional contents for Release 1999
{ 0 | 1 < EGPRS Window Size : < EGPRS Window Size IE >> 

< LINK_QUALITY_MEASUREMENT_MODE : bit (2) >

{ 0 | 1 < BEP_PERIOD2 : bit(4) > }}

{ 0 | 1 <Packet Extended Timing Advance : bit (2)> }

{ 0 | 1 < COMPACT reduced MA : < COMPACT reduced MA IE >> }


     { null | 0 bit** = < no string > -- Receiver backward compatible with earlier version



     | 1




-- Additions for REL-6


             { 0 | 1 < PFI : bit (7) > }

< padding bits > }  //
-- truncation at end of message allowed, bits '0' assumed
! < Non-distribution part error : bit (*) = < no string > > }

! < Non-distribution part error : bit (*) = < no string > > }
! < Message escape : 1 bit (*) = <no string> > }
! < Address information part error : bit (*) = < no string > > }

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



New Information Elements: 

PFI (7 bit field)

This field indicates the PFI associated with the downlink TBF being established. When present, this information indicates that a new downlink TBF is being established in addition to any downlink TBFs that may already be established (i.e. all existing downlink TBFs are maintained). This field is encoded as the PFI value in 10.5.6.11 of 3GPP TS 24.008.
2.4 Packet Downlink Ack/Nack (Existing)

Existing procedures must be changed (but not the message itself) to allow this message to be sent from a mobile station to the network to establish additional uplink TBFs as follows:

· This message may be sent when one or more downlink TBFs are already established for a given mobile station (when no uplink TBFs are currently established) and it wants to establish an uplink TBF. In this case the mobile station shall set the Global TFI IE to indicate the downlink TFI for which the Packet Downlink Ack/Nack is being sent.

· The PFI IE shall always be included when this message is sent by an A/Gb mode mobile station that is multiple TBF capable and shall indicate the PFI for which an uplink TBF is requested.

2.5 Multiple TBF Resource Allocation (New) 

This is a new RLC/MAC control message that allows the network to re-allocate resources for multiple uplink TBFs, multiple downlink TBFs or any combination of three or more TBFs in any direction. 

· This message may be sent autonomously from the network to a mobile station when the radio resource allocations associated with already established TBFs need to be modified.

· This message may also be sent from the network to a mobile station when the radio resource allocations associated with already established TBFs need to be modified at the same time that a new uplink or downlink TBF needs to be established. 

· The Target TBF parameters information element shall be included in this message when re-allocating resources for an already established TBF. The PFI information element shall be included in this message when allocating resources for a new TBF.

· Given the limitation that an RLC/MAC control message sent on the downlink cannot span more than two radio blocks there will be a practical limit on the number of TBFs that can be re-allocated using this message. 

· When this message is sent, any established TBFs that are not re-allocated to new radio resources shall continue to use their currently allocated resources.

Table 3 – MULTIPLE TBF RESOURCE ALLOCATION Message Structure

< Multiple TBF Resource Allocation message content > ::=

< PAGE_MODE : bit (2) >

< GLOBAL_TFI : < Global TFI IE > >

< Uplink Resource Allocation parameters : { 1 < Uplink Resource Allocation struct > } ** 0 > 
< Downlink Resource Allocation parameters : { 1 < Downlink Resource Allocation struct > } ** 0 >
< padding bits >

       ! < Non-distribution part error : bit (*) = < no string > > ;


< Uplink Resource Allocation struct > ::=
{ 0        -- Message escape bit used to define GPRS message contents
{      { 0 | 1   < Target TBF parameters : < Target TBF struct > > }

 { 0 | 1   < PFI : bit (7) > }

 < TFI_ASSIGNMENT : bit (5) > 

 < CHANNEL_CODING_COMMAND : bit (2) >

< RLC_MODE : bit (1) >

{ 0 | 1   < Packet Timing Advance : < Global Packet Timing Advance IE > > }


       { 0 | 1   < Packet Extended Timing Advance : bit (2)> }

{ 0 | 1   < Frequency Parameters : < Frequency Parameters IE > > }

< Dynamic Allocation : < Dynamic Allocation struct > >

< padding bits >

! < Non-distribution part error : bit (*) = < no string > > } 
| 1
 -- Message escape bit used to define EGPRS message contents

{      { 0 | 1   < Target TBF parameters : < Target TBF struct > > }

 { 0 | 1   < PFI : bit (7) > }

< TFI_ASSIGNMENT : bit (5) > 

< EGPRS Channel Coding Command : < EGPRS Modulation and Coding IE >>

< RLC_MODE : bit (1) >

< RESEGMENT : bit (1) >

< EGPRS Window Size : < EGPRS Window Size IE >
{ 0 | 1   < Packet Timing Advance : < Global Packet Timing Advance IE > > }

{ 0 | 1   < Packet Extended Timing Advance : bit (2)> }

{ 0 | 1   < Frequency Parameters : < Frequency Parameters IE > > }

< Dynamic Allocation : < Dynamic Allocation struct > >

< padding bits >

! < Non-distribution part error : bit (*) = < no string > > }
! < Message escape : 1 bit (*) = <no string> > }



< Downlink Resource Allocation struct > ::=
{ 0        -- Message escape bit used to define GPRS message contents
{      { 0 | 1   < Target TBF parameters : < Target TBF struct > > }

 { 0 | 1   < PFI : bit (7) > }

< TFI_ASSIGNMENT : bit (5) > 

< CHANNEL_CODING_COMMAND : bit (2) >


       < RLC_MODE : bit (1) >

< TIMESLOT_ALLOCATION : bit (8) >
{ 0 | 1   < Packet Timing Advance : < Global Packet Timing Advance IE > > }
{ 0 | 1   < Packet Extended Timing Advance : bit (2)> }

{ 0 | 1   < Frequency Parameters : < Frequency Parameters IE > > }

< padding bits >

! < Non-distribution part error : bit (*) = < no string > > } 
| 1
 -- Message escape bit used to define EGPRS message contents

{      { 0 | 1   < Target TBF parameters : < Target TBF struct > > }

 { 0 | 1   < PFI : bit (7) > }

< TFI_ASSIGNMENT : bit (5) > 

< EGPRS Channel Coding Command : < EGPRS Modulation and Coding IE >>

< RLC_MODE : bit (1) >

< TIMESLOT_ALLOCATION : bit (8) >

{ 0 | 1 < EGPRS Window Size : < EGPRS Window Size IE >> 

< LINK_QUALITY_MEASUREMENT_MODE : bit (2) >

{ 0 | 1   < Packet Timing Advance : < Global Packet Timing Advance IE > > }

{ 0 | 1   < Packet Extended Timing Advance : bit (2)> }

{ 0 | 1   < Frequency Parameters : < Frequency Parameters IE > > }

< padding bits >

! < Non-distribution part error : bit (*) = < no string > > }
! < Message escape : 1 bit (*) = <no string> > }



< Target TBF struct > ::=

< Target TFI : < Global TFI IE > >

{ 0 | 1   < Target Timeslot : < TIMESLOT_ALLOCATION > > }

{ 0 | 1   < Target ARFCN : < ARFCN > > }



<Dynamic Allocation struct > ::=


< EXTENDED_DYNAMIC_ ALLOCATION : bit (1) >


{ 0 | 1 < P0 : bit (4) > 

 


< PR_MODE : bit(1) > }


< USF_GRANULARITY : bit (1) >


{ 0 | 1 < RLC_DATA_BLOCKS_GRANTED : bit (8) > }


{ 0 | 1 < TBF Starting Time : < Starting Frame Number Description IE > > }


{ 0


-- Timeslot Allocation


{ 0 | 1 < USF_TN0 : bit (3) > }



{ 0 | 1 < USF_TN1 : bit (3) > }



{ 0 | 1 < USF_TN2 : bit (3) > }



{ 0 | 1 < USF_TN3 : bit (3) > }



{ 0 | 1 < USF_TN4 : bit (3) > }



{ 0 | 1 < USF_TN5 : bit (3) > }



{ 0 | 1 < USF_TN6 : bit (3) > }



{ 0 | 1 < USF_TN7 : bit (3) > }


 | 1


-- Timeslot Allocation with Power Control Parameters


< ALPHA : bit (4) >



{ 0 |
 < USF_TN0 : bit (3) >





< GAMMA_TN0 : bit (5) > }



{ 0 | 1
< USF_TN1 : bit (3) >





< GAMMA_TN1 : bit (5) > }



{ 0 | 1
< USF_TN2 : bit (3) >





 < GAMMA_TN2 : bit (5) > }



{ 0 | 1
< USF_TN3 : bit (3) >





< GAMMA_TN3 : bit (5) > }



{ 0 | 1
< USF_TN4 : bit (3) >





< GAMMA_TN4 : bit (5) > }



{ 0 | 1
< USF_TN5 : bit (3) >





< GAMMA_TN5 : bit (5) > }



{ 0 | 1
< USF_TN6 : bit (3) >





< GAMMA_TN6 : bit (5) > }



{ 0 | 1
< USF_TN7 : bit (3) >





< GAMMA_TN7 : bit (5) > } } ;



Table 4 - MULTIPLE TBF RESOURCE ALLOCATION information element details

Global TFI (6 bit field)
This field identifies the uplink TFI or the downlink TFI to which this message applies. The TFI indicated by this field is associated with the timeslot upon which the Multiple TBF Resource Allocation message is received unless otherwise indicated by the Target Timeslot information element. This field is defined in clause 12.10 of 44.060.

TIMESLOT_ALLOCATION (8 bit field)
This field is defined in clause 12.18 of 44.060. If this field is not present the mobile station shall assume that the Target TFI is associated with the timeslot upon which the Multiple TBF Resource Allocation message was received.

ARFCN (10 bit field)
This field is the binary representation of the absolute radio frequency channel number (ARFCN) defined in 3GPP TS 45.005. Range 0 to 1023. If this field is not present the mobile station shall assume that the Target TFI is associated with the radio channel upon which the Multiple TBF Release message was received.

PFI (7 bit field)
This field indicates the PFI associated with the TBF being established. When present, this information indicates that a new TBF is being established in addition to any TBFs that may already be established (i.e. all existing TBFs are maintained).

TFI_ASSIGNMENT (5 bit field)

This information element indicates the new TFI assigned to the TBF being re-allocated. This field is coded the same as the TFI field defined in clause 12.15 of 44.060.

CHANNEL_CODING_COMMAND (2 bit field)
The Channel Coding Indicator field indicates the channel coding scheme that the mobile station shall use when transmitting on the uplink.

bit
2 1 
0 0

CS-1
0 1

CS-2
1 0

CS-3
1 1

CS-4

RLC_MODE (1 bit field)
This field indicates the RLC mode of the requested TBF.

0
RLC acknowledged mode
1
RLC unacknowledged mode

Global Packet Timing Advance
This information element is defined in clause 12.12a of 44.060.

Packet Extended Timing Advance (2 bit field) 
This field is defined in clause 12.12b of 44.060.

Frequency Parameters
This information element, if present, assigns frequency parameters to the uplink and downlink TBFs. If this information element is not present the mobile station shall use its previously assigned frequency parameters. This information element is defined in clause 12.8 of 44.060.

EGPRS Modulation and Coding Scheme
The EGPRS modulation and coding scheme information element is defined in clause 12.10d of 44.060.

RESEGMENT (1 bit field)
This field is defined in clause 12.10e of 44.060.

EGPRS Window Size
This information element is defined in clause 12.5.2 of 44.060.

TIMESLOT_ALLOCATION (8 bit field)
This field is defined in clause 12.18.

LINK_QUALITY_MEASUREMENT_MODE (2 bit field)

This field is encoded as the LINK_QUALITY_MEASUREMENT_MODE IE of the PACKET DOWNLINK ASSIGNMENT message, as defined in clause 11.2.7 of 44.060.



Dynamic Allocation struct
This information element contains parameters necessary to define the radio resources of a dynamic allocation or an extended dynamic allocation.

EXTENDED_DYNAMIC_ALLOCATION (1 bit field)
This information field indicates the medium access mode to be used during the TBF.

0
Dynamic Allocation
1
Extended Dynamic Allocation

P0 (4 bit field)
For description and encoding, see the Packet Uplink Assignment message.

PR_MODE (1 bit field)
For description and encoding, see the Packet Uplink Assignment message.

USF_GRANULARITY (1 bit field)
This information field indicates the USF granularity to be applied by the mobile station when it is assigned a TBF using Dynamic Allocation.

0
the mobile station shall transmit one RLC/MAC block
1
the mobile station shall transmit four consecutive RLC/MAC blocks

RLC_DATA_BLOCKS_GRANTED (8 bit field)
The RLC/MAC blocks Granted field assigns a fixed number of RLC data blocks that the mobile station shall transmit during the uplink TBF. If the RLC_DATA_BLOCKS_GRANTED field is present the mobile station shall transmit only the assigned number of RLC data blocks. Otherwise the duration of the uplink TBF is undefined. Retransmissions of negatively acknowledged RLC data blocks do not apply toward the maximum number. This field is encoded as a binary number as shown:

     bit
8 7 6 5 4 3 2 1
0 0 0 0 0 0 0 0

9 RLC data blocks
0 0 0 0 0 0 0 1

10 RLC data blocks
    . . .
1 1 1 1 1 1 1 1

264 RLC data blocks

TBF Starting Time
The TBF Starting Time field contains a starting time that indicates the frame number during which the assigned TBF may start.

If no downlink TBF is in progress, the mobile station need not monitor the TFI field of downlink RLC data blocks until the indicated TDMA frame number. After the indicated TDMA frame number, the mobile station shall apply the new downlink parameters and then operate as during a downlink TBF. If a downlink TBF is already in progress, the mobile station shall continue to use the parameters of the existing TBF until the TDMA frame number occurs. When the indicated TDMA frame number occurs, the mobile station shall immediately begin to use the new downlink parameters assigned.

In case of dynamic allocation, if no uplink TBF is in progress, the MS need not monitor the USF field until the TDMA frame number occurs. When the indicated TDMA frame number occurs, the mobile station shall immediately begin to monitor the USF field and use the new assigned uplink TBF parameters when its USF has occurred. If an uplink TBF is already in progress, the MS shall continue to use the parameters of the existing TBF until the TDMA frame number occurs. When the indicated TDMA frame number occurs, the mobile station shall immediately begin to monitor the USF field and use the new assigned uplink TBF parameters when its USF has occurred.

In case of fixed allocation, if no uplink TBF is in progress, the MS shall wait until the TDMA frame number occurs, and then shall use the assigned uplink resources from the indicated TDMA frame number forward, according to the parameters in the fixed allocation struct. If an uplink TBF is in progress, the MS shall continue to use the parameters of the existing TBF until the TDMA frame number occurs. When the TDMA frame number occurs, the MS shall then use the assigned uplink resources from the indicated TDMA frame number forward, according to the parameters in the fixed allocation struct.

This field is encoded as the Starting Frame Number Description IE. See clause 12.21 of 44.060.

USF for Timeslot Number 0 (TN0) (3 bit field)
USF for Timeslot Number 1 (TN1) (3 bit field)
USF for Timeslot Number 2 (TN2) (3 bit field)
USF for Timeslot Number 3 (TN3) (3 bit field)
USF for Timeslot Number 4 (TN4) (3 bit field)
USF for Timeslot Number 5 (TN5) (3 bit field)
USF for Timeslot Number 6 (TN6) (3 bit field)
USF for Timeslot Number 7 (TN7) (3 bit field)

These fields indicate the USF value assigned to the MS for timeslots 0 to 7. These fields are encoded as a binary presentation of the USF value as defined in clause 10.4.1 of 44.060.

ALPHA (4 bit field)
For encoding and description see the Global Power Control Parameters IE.

GAMMA_TN (5 bit field)
The GAMMA_TN field is the binary representation of the parameter GCH for MS output power control in units of 2 dB, see 3GPP TS 45.008. The GAMMA_TN field is coded according to the following table:

   bit
5 4 3 2 1
0 0 0 0 0

GCH = 0 dB
0 0 0 0 1

GCH = 2 dB
: : : :
1 1 1 1 0

GCH = 60 dB
1 1 1 1 1

GCH = 62 dB



2.6 MS Radio Access Capability Information Element (Existing)

The MS Radio Access Capability IE can be modified to allow the existing Content field to indicate that an A/Gb mode mobile station is multiple TBF capable as shown in Table 5 below. It is anticipated that new information added to SI and PSI messages will allow an MS to determine that the network supports multiple TBF operation in A/Gb mode. 

· The MS Radio Access Capability IE is supported within a Packet Resource Request message or an Additional MS Radio Access Capabilities message and can include the TBF Capability field (new) as an indication that the A/Gb mode mobile station is multiple TBF capable.

Table 5: MS Radio Access Capability Information Element (from 3GPP TS 24.008)

< MS Radio Access capability IE > ::=

<MS Radio Access capability IEI :  00100100 >

<Length of MS RA capability: <octet>> -- length in octets of MS RA capability value part and spare bits 

<MS RA capability value part : < MS RA capability value part struct >>

<spare bits>**; -- may be used for future enhancements

<MS RA capability value part struct >::=  --recursive structure allows any number of Access technologies
    {    {
< Access Technology Type: bit (4) > exclude 1111

< Access capabilities : <Access capabilities struct> > }

     |    {
< Access Technology Type: bit (4) == 1111 >  -- structure adding Access technologies with same capabilities

< Length : bit (7) >  -- length in bits of list of Additional access technologies and spare bits

{ 1 < Additional access technologies: < Additional access technologies struct > > } ** 0



<spare bits>** } }

              { 0 | 1 <MS RA capability  value part struct> } ;

< Additional access technologies struct > ::=

    < Access Technology Type : bit (4) >

    < GMSK Power Class : bit (3) >

    < 8PSK Power Class : bit (2) > ;
< Access capabilities struct > ::=

    < Length : bit (7) > -- length in bits of Content and spare bits

    <Access capabilities : <Content>> 

    <spare bits>** ;     -- expands to the indicated length



      -- may be used for future enhancements

< Content > ::=

    < RF Power Capability : bit (3) >
    { 0 | 1 <A5 bits : <A5 bits> > } 
-- zero means that the same values apply for parameters as in the immediately preceding Access capabilities field within this IE
    < ES IND : bit >
    < PS : bit >

    < VGCS : bit >

    < VBS : bit >

    { 0 | 1 < Multislot capability : Multislot capability struct > } -- zero means that the same values for multislot parameters as given in an earlier Access capabilities field within this IE apply also here

-- Additions in release 99
    { 0 | 1 < 8PSK Power Capability : bit(2) >} -- '1' also means 8PSK modulation capability in uplink.

    < COMPACT Interference Measurement Capability : bit >
    < Revision Level Indicator : bit >

    < UMTS FDD Radio Access Technology Capability : bit > 


-- 3G RAT
    < UMTS 3.84 Mcps TDD Radio Access Technology Capability : bit > 
-- 3G RAT
    < CDMA 2000 Radio Access Technology Capability : bit > 


-- 3G RAT

-- Additions in release 4
    < UMTS 1.28 Mcps TDD Radio Access Technology Capability: bit >
-- 3G RAT

    < GERAN Feature Package 1 : bit >

    { 0 | 1 < Extended DTM GPRS Multi Slot Class : bit(2) >

    < Extended DTM EGPRS Multi Slot Class : bit(2) > };

-- Additions in release 6

    { 0 | 1 < TBF Capability : bit(2) >} -- '0' means the MS can only support one uplink and downlink TBF
    -- error: struct too short, assume features do not exist


    -- error: struct too long, ignore data and jump to next Access technology

New Field:

TBF Capability (2 bit field)

The following coding is used:

Bits
2 1

       0 0
The MS supports up to 4 TBFs (any combination of uplink and downlink)

       0 1
The MS supports up to 6 TBFs (any combination of uplink and downlink)

       1 0
The MS supports up to 8 TBFs (any combination of uplink and downlink)

       1 1
Reserved

Open Issue:

The possible use of this information can be as follows:

· If the MS wants to establish an additional uplink TBF it can certainly examine its memory limitations and decide whether or not to proceed accordingly. Note that an MS with limited memory capacity can always limit the number of TBFs by limiting the number of secondary PDP contexts that it chooses to establish. 

· If the BSC wants to send downlink PDUs for a PFC currently not active in the downlink it can consider the TBF Capability information and make a decision based the total number of active TBFs. 

· If the BSC is overly aggressive and attempts DL TBF setup when there isn’t enough memory in the MS the DL TBF request can always be rejected by the MS. No harm done except for a little bandwidth used up for control plane signalling.

2.7 MS Network Capability Information Element  (Existing)

The MS Network Capability IE can be modified to introduce a new field called PFC Capability to indicate that an A/Gb mode mobile station is multiple TBF capable as shown in Table 6 below. It is anticipated that new information added to SI and PSI messages will allow an MS to determine that the network supports multiple TBF operation in A/Gb mode. 

· The MS Network Capability IE is supported within an Attach Request message or a Routing Area Update Request message and can include the PFC Capability field (new) as an indication that the A/Gb mode mobile station is multiple TBF capable.

Table 6: MS Network Capability Information Element (from 3GPP TS 24.008)

<MS network capability value part> ::=


<GEA1 bits>
<SM capabilities via dedicated channels: bit>
<SM capabilities via GPRS channels: bit>

<UCS2 support: bit>
<SS Screening Indicator: bit string(2)>
<SoLSA Capability : bit>
<Revision level indicator: bit>

<PFC feature mode: bit>
<Extended GEA bits>

< LCS VA capability: bit >

< PFC capability: bit(2) >

<Spare bits>;

<GEA1 bits> ::= < GEA/1 :bit>;

<Extended GEA bits> ::= <GEA/2:bit><GEA/3:bit>< GEA/4:bit >< GEA/5:bit >< GEA/6:bit ><GEA/7:bit>;

<Spare bits> ::= null | {<spare bit> < Spare bits >};

SS Screening Indicator

0 0
defined in 3GPP TS 24.080 


0 1
defined in 3GPP TS 24.080 


1 0
defined in 3GPP TS 24.080 


1 1
defined in 3GPP TS 24.080 

SM capabilities via dedicated channels

0
Mobile station does not support mobile terminated point to point SMS via 


dedicated signalling channels


1
Mobile station supports mobile terminated point to point SMS via dedicated 


signalling channels

SM capabilities via GPRS channels

0
Mobile station does not support mobile terminated point to point SMS via 


GPRS packet data channels

1
Mobile station supports mobile terminated point to point SMS via GPRS 


packet data channels

UCS2 support
This information field indicates the likely treatment by the mobile station of UCS2 encoded character strings.

0
the ME has a preference for the default alphabet (defined in 3GPP TS 03.38)


over UCS2.

1
the ME has no preference between the use of the default alphabet and the


use of UCS2.

GPRS Encryption Algorithm GEA/1
0
encryption algorithm GEA/1not available
1
encryption algorithm GEA/1 available
SoLSA Capability

0
The ME does not support SoLSA.

1
The ME supports SoLSA.


Revision level indicator 

0
used by a mobile station not supporting R99 or later versions of the protocol


1
used by a mobile station supporting R99 or later versions of the protocol 

PFC feature mode

0 Mobile station does not support BSS packet flow procedures

1 Mobile station does support BSS packet flow procedures

GEA/2

0
encryption algorithm GEA/2 not available
1
encryption algorithm GEA/2 available

GEA/3

0
encryption algorithm GEA/3 not available
1
encryption algorithm GEA/3 available

GEA/4

0
encryption algorithm GEA/4 not available
1
encryption algorithm GEA/4 available

GEA/5

0
encryption algorithm GEA/5 not available
1
encryption algorithm GEA/5 available

GEA/6

0
encryption algorithm GEA/6 not available
1
encryption algorithm GEA/6 available

GEA/7

0
encryption algorithm GEA/7 not available
1
encryption algorithm GEA/7 available

LCS VA capability (LCS value added location request notification capability)
0
LCS value added location request notification capability not supported

1
LCS value added location request notification capability supported

PFC capability 
00 MS supports up to 2 active bi-directional PFCs (realized using up to 4 simultaneous TBFs)

01 MS supports up to 3 active bi-directional PFCs (realized using up to 6 simultaneous TBFs)

010     MS supports up to 4 active bi-directional PFCs (realized using up to 8 simultaneous TBFs)

11       Reserved


Open Issue:

The legacy functionality where a single TBF may support delivery of payload for more than one PFC may still be of interest to multiple TBF operation and shall therefore still be supported by an A/Gb mode mobile station that is multiple TBF capable. 

· This legacy functionality can be expected in support of non-real time services where the associated QoS attributes are not as demanding as for real time services. 

· This legacy functionality allows for one uplink and one downlink TBFs to be realized simultaneously. How many PFCs may actually be merged into one TBF (TBF sharing) is implementation specific. The bottom line today is that TBF sharing must be used if multiple PFCs are to be sending simultaneously (the only other choice is to repeated tear down and then re-establish a TBF for each instance of payload transmission for each PFC).

This new field informs the SGSN that it can count on being able to send and receive payload for multiple PFCs (up to the maximum indicated) that are supported using TBFs that are not shared with other PFCs.  

· Trying to send payload for additional PFCs (beyond the maximum indicated) will mean that the BSC (or MS for uplink transmissions) will either use TBF sharing (which limits the QoS that can be supported) or repeatedly use TBF setup and tear down (which is very inefficient).

· The possibility of TBF sharing tends to lessen the clarity of the information provided by this new field. However, it is felt that this new field still provides a reasonable indication of MS capability that would allow a network to determine whether or not it should attempt delivery of user plane payload associated with any additional PFC (i.e. the SGSN would know whether or not the additional PFC could tolerate TBF sharing if the maximum number of PFCs were already active based on this field).

3 Summary

This paper has proposed a set of modified RLC/MAC control messages, some new RLC/MAC control messages and some modified information elements required to support multiple TBF operation in A/Gb mode. In addition, existing procedures must be modified and new procedures must be introduced as described above to support multiple TBF operation in A/Gb mode.
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