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Multiple TBF Capability Indication in Release 6
1. Introduction

This paper examines how the support of the multiple TBF (mTBF) feature, which is considered to be optional in both the MS and the BSS, can be indicated in the TBF establishment procedures such that all combinations of network and mobile mTBF capability can be handled.  

Additionally, the possibility for an MS or BSS that is mTBF capable, but wishes to use legacy procedures is also addressed.  Legacy procedures involve the MS requesting no more than one TBF in any resource request message and the BSS assigning no more than one TBF in an assignment message.

This paper primarily focuses on Release 6 mobiles and networks but the mechanism described also addresses legacy mobiles and network equipment.  

It has been agreed that a Release 6 MS shall indicate its mTBF capability (probably a single bit “support / no support” field) in the MS RAC IE which is sent by the MS in the PACKET RESOURCE REQUEST message as part of a two-phase access.  The BSS must then store this MS capability in order to correctly respond to future resource request messages from the MS.  This implies that all mTBF capable MSs shall be required to respond to all mTBF downlink messages (MTDA, MTUA, MTTR), no differing capability is possible for mTBF capable MSs.  

Two other flags are considered in this paper to handle resource request/assignment when the network or MS mTBF capability is not known.

· Uplink indication:
MS indicates it is able to use mTBF procedures

· Downlink indication:
Network indicates it using mTBF procedures

The following definitions are used to distinguish mTBF procedures from legacy procedures for TBF establishment:

· MS’s use of multiple resource request in a single PRR message (i.e. using recursive Channel Request Description IE)

· MS’s use of Packet DL Ack/Nack to request multiple TBFs/additional TBFs

· Network’s use of MTUA/MTDA/MTTR messages

· Network’s use of PUA/PDA to assign additional TBFs to the MS

2. Solution using uplink and downlink flags

TBF management procedures (request/establishment/release) must work under all combinations of network and mobile support of the mTBF feature.  This includes the different combinations of network and mobile support of the feature.  

In addition it must be possible for a network that does support the mTBF feature to choose to use legacy procedures.  One reason for the use of legacy procedures is to allow TBF switching where a different PFI is mapped to the same TFI in an assignment message.  This procedure must be clearly distinguished from the case where another TBF is being established.  

2.1. Uplink flag indicating mTBF procedures

In this scenario, the MS includes the mTBF field when it sends the MS RAC IE and it also indicates in each resource request message whether or not it wishes to use mTBF procedures (see definition in section 1).  Resource request messages include the PRR and the Packet DL Ack/Nack message where it is assumed that multiple TBF requests can be made in a similar manner to Iu mode.  

	R6 Network

R6 Mobile
	Supports mTBF
	Doesn’t support mTBF

	Indicates ability to use mTBF procedures in UL flag
	Network uses MTDA/MTUA/MTTR messages or PUA/PDA/PTR indicating the use of mTBF procedures
	Network uses PUA/PDA/PTR with flag indicating no mTBF support

	Indicated inability to use mTBF procedures in UL flag
	Network uses PUA/PDA/PTR indicating not using mTBF procedures
	Network uses PUA/PDA/PTR with flag indicating no mTBF support

	Does not use flag in PRR, relies on field in MS RAC

Indicates support for mTBF
	Network assumes it can use MTDA/MTUA/MTTR messages or PUA/PDA/PTR indicating the use of mTBF procedures
	Network uses PUA/PDA/PTR with flag indicating no mTBF support

	Does not use flag in PRR, relies on field in MS RAC

Indicates no support for mTBF
	Network uses PUA/PDA/PTR indicating not using mTBF procedures
	Network uses PUA/PDA/PTR with flag indicating no mTBF support


Table 1

Interpretation of Uplink mTBF Flag

Note: This shows clearly the need for the downlink flag to be included in PUA/PDA/PTR messages by a Release 6 network even if it does not support mTBF.  This is due to the need to distinguish between the case where a TBF is being re-assigned (perhaps with a new TFI) and the case where a second TBF is being allocated by a legacy message (e.g. PUA).  

The flag is not needed in any of the multiple TBF assignment messages, as it is clear that mTBF procedures are being used in these cases.  

2.2. Downlink flag indicating mTBF procedures in assignment message

Upon receiving a resource request from an MS that indicated mTBF capability in its MS RAC, the network may choose to assign multiple TBFs or a single TBF to the MS.  This decision must be clearly indicated to the MS and may change on a per TBF basis (i.e. TBF switching may sometimes be allowed, sometimes the QoS requires a new TBF to be established).  

A downlink indication is necessary in order to know whether the network is assigning an “additional TBF” or reconfiguring an existing TBF.  

Table 2 shows the responses to receiving a legacy assignment message with the various combinations of DL flag and MS capability.  

	Network

Mobile
	DL Flag indicates use of mTBF procedures
	DL Flag indicates no use of mTBF procedures

	Supports mTBF
	Assigns additional TBF 
	Reassigns existing TBF

	Does not support mTBF
	Reassigns existing TBF
	Reassigns existing TBF


Table 2

Interpretation of Downlink mTBF Flag

All of the cases identified in this section must be considered.  The next section explains in more detail how the signalling works with the use of the two flags.  

3. MS to BSS Capability Signalling

It is necessary for the Network to be able to signal its use of mTBF procedures on a per TBF establishment procedure basis.  This enables the network to use legacy messages such as the PUA to either re-assign a TBF (legacy procedure) or assign a new TBF (mTBF procedure).  

In this way it is clear to both the mobile and the network which messages to use on a given TBF establishment procedure.  It is unclear as to whether the same degree of flexibility is required from the mobile.  If it can be always determined that if a mobile supports the mTBF feature it will always be able to handle mTBF procedures, then the UL flag may not be necessary as the indication in the MS RAC will be sufficient.  

For one-phase access, legacy procedures will apply and a single TBF will be established.  If a multiple TBF capable MS requires one or more further TBFs to be established, a PRR will be sent on PACCH (after contention resolution is complete) and the same procedure as outlined below for two-phase access can be followed.  

In the UL, an MS in packet idle mode will always start by sending a PACKET CHANNEL REQUEST (PCR) on the Packet Random Access Channel (PRACH) assuming that PRACH is supported in the cell.  
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Figure 1
MS Two-phase access with BSS

The network responds with a PACKET UPLINK ASSIGNMENT (PUA) message on the PAGCH, which in two-phase access provides enough resources to send a PACKET RESOURCE REQUEST (PRR) message.  The PRR amongst other thing contains the MS RAC IE.  

As it is the PRR message that is the first potentially non-standard message to be sent from the mobile to the network, this is the place to consider how the two sides of the communications can work together.  The general proposal here is to define a new extension to the PRR message to be used by an mTBF capable mobile to request one or more TBFs to be set-up.  

The first TBF will be described in the Channel Request Description as per normal.  A single bit flag in a Release 6 extension can be used to indicate to the network that the MS is both mTBF capable and willing to use mTBF procedures in the TBF establishment procedure.  

Any additional request for a TBF can be described in an extension for Release 6.  If only one TBF is to be requested by a mTBF capable mobile, the PRR will look like the legacy message but with the extension bit set to show if the MS is prepared to use mTBF messages or not.  

An example coding is shown in Table 3.  Using such a message enables legacy networks to interpret the PRR as a correct message asking for one TBF to be established.  It also allows a Release 6 network to interpret the message as a multiple TBF request.  This then gives the option for the network to use mTBF procedures or not according to its own configuration.  

	< Packet Resource Request message content > ::=


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


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


| 1 < TLLI : < TLLI IE > > }


{ 0 | 1 < MS Radio Access Capability : < MS Radio Access Capability IE > > }


< Channel Request Description : < Channel Request Description IE > >


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


< C_VALUE : bit (6) >


{ 0 | 1 < SIGN_VAR : bit (6) >}


{ 0 | 1 < I_LEVEL_TN0 : bit (4) > }


{ 0 | 1 < I_LEVEL_TN1 : bit (4) > }


{ 0 | 1 < I_LEVEL_TN2 : bit (4) > }


{ 0 | 1 < I_LEVEL_TN3 : bit (4) > }


{ 0 | 1 < I_LEVEL_TN4 : bit (4) > }


{ 0 | 1 < I_LEVEL_TN5 : bit (4) > }


{ 0 | 1 < I_LEVEL_TN6 : bit (4) > }


{ 0 | 1 < I_LEVEL_TN7 : bit (4) > }


{ null | 0 bit** = <no string> 

-- Receiver backward compatible with earlier version



| 1



-- Additional contents for Release 1999


{ 0 | 1 < EGPRS BEP Link Quality Measurements : 






< EGPRS BEP Link Quality Measurements IE >> }



{ 0 | 1 < EGPRS Timeslot Link Quality Measurements : 






< EGPRS Timeslot Link Quality Measurements IE >>}



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



< ADDITIONAL MS RAC INFORMATION AVAILABLE : bit (1) >



< RETRANSMISSION OF PRR : bit (1) >



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




| 1


-- Additional contents for Release 6




<USE MTBF PROCEDURE : bit(1)>




{ 1 < Channel Request Description : < Channel Request Description IE > > ** 0}

< padding bits > };


Table 3

Example coding for Release 6 Packet Resource Request

By always ensuring that the mTBF capable MS sends a PRR coded in a backwards compatible way, the network can treat it as if it were a legacy PRR message and allocate resources for a single TBF or respond with a mTBF message.  

The same mechanism can be used with the PUA, PDA and PTR messages enabling the network to indicate to the mobile which type of procedures to use.  This means that Release 6 versions of these messages can be created with a “USE MTBF PROCEDURE” flag in the Release 6 extension which informs the MS whether mTBFs procedures are being used or not.  

An example coding for a Release 6 PACKET UPLINK ASSIGNMENT message is shown in Table 4.  

	< Packet Uplink Assignment message content > ::=


< PAGE_MODE : bit (2) >


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


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



| 10
< TLLI / G-RNTI : 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 version of the protocol 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






-- Additions for REL-5









{ 0 | 1 < G-RNTI extension : bit (4) > }








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




< 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 version of the protocol and shall not be used.





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







| 1




-- Additions for REL-5

	

	






{ 0 | 1 < G-RNTI extension : bit (4) > }






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








| 1  -- Additional for REL-6








<USE MTBF PROCEDURE : bit(1)>






< padding bits > }






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





! < Message escape : { 01| 10 | 11 } bit (*) = <no string> > }} – Extended for future

changes






| 1


-- Additional contents for Release 6






<USE MTBF PROCEDURE : bit(1)>



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


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

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

null ;




Table 4

Example coding for Release 6 Packet Uplink Assignment

In the DL there is the requirement for the BSS to know the mTBF capability of the mobile before sending the DL assignment message.  This is required so that the BSS can decide which type of assignment message to send (a PACKET DOWNLINK ASSIGNMENT or a MULTIPLE TBF DOWNLINK ASSIGNMENT message).  This can be achieved by including an indication of the mobile’s mTBF capability in the MS RAC as described in [1] which will be known in the SGSN after the GPRS attach procedure is completed.  

The MS RAC should be downloaded to the BSS with the first LLC PDUs sent from the SGSN thereby allowing the BSS to decide whether to use legacy or mTBF messages and procedures for downlink TBF establishment.  
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Figure 2
DL TBF Establishment

This is illustrated in Figure 2, where an MS in packet idle mode is paged on the PCCCH for a DL data transfer.  The MS replies with a PCR on PRACH.  After allocating some uplink resources for a cell update, the BSS then has to decide which DL Assignment message to send.  

It is worth noting that because the DL TBF establishment procedure uses a different method for determining which messages/procedures to use, the mobile has to determine whether it is prepared and able to use mTBF procedures at GPRS attach and cannot change its mind subsequently without resending the MS RAC to the CN.  

4. MS supports mTBF and BSS doesn’t

In this case the MS may request several TBFs to be established in a Release 6 PRR message as shown in Figure 3.  This is coded in such a way that one TBF is preferred as the most important (Table 3 gives one way in which this could be achieved).  If the network does not support the mTBF feature, or if it chooses not to use this feature, it can send back a Release 6 PUA message for a single TBF.  
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Figure 3
Two-phase Access MS supports mTBF, network doesn’t

If the PUA is a release 6 message it will have the indication flag in the Release 6 extension showing that the network doesn’t wish to use mTBF procedures.  Therefore if a second PRR is sent on PACCH and the network responds with a second PUA (indicating that legacy procedures are to be used) the MS must interpret this in a legacy manner as releasing the first TBF and replacing it with the new allocation.  

5. MS and BSS support mTBF

This is a relatively simple case to analyse.  If the MS sends a PRR with the indication bit set to USE MTBF PROCEDURE, the network can respond to a multiple TBF request with a mTBF allocation or with a single TBF allocation via a PUA.  

If the MS sends a PRR with the indication bit set to DO NOT USE MTBF PROCEDURE, the network can respond to a TBF request with a legacy PUA.  

If an UL TBF has already been established and the network sends a second PUA indicating that mTBF procedures are to be used, in response to a second PRR (on PACCH), the MS should interpret this as an additional TBF to be established.  

6. MS and BSS do not support mTBF

This is the simplest case to consider as legacy procedures apply.  No further consideration is needed.  

7. BSS supports mTBF and MS doesn’t

In this case the MS will send a legacy PRR message (if it is pre-Release 6) or a Release 6 PRR indicating that it does not wish to, or can’t, support the mTBF feature.  
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Figure 4
Two-phase Access BSS supports mTBF, MS doesn’t

The message flow in Figure 4 illustrates how the network responds with a PUA.  This Release 6 message will contain the indication flag “NOT USING MTBF PROCEDURE” and the MS will interpret this as a legacy message.  

8. Conclusions

This document has identified the need to support all combinations of mTBF capability in the mobile and the network ensuring correct operation of the TBF establishment procedures in all cases.  

A mechanism involving the signalling of MS and BSS capability and willingness to use mTBF procedures in the PRR, Packet DL Ack/Nack and PUA, PDA and PTR messages has been proposed.  This mechanism covers all the cases identified including both one and two-phase access.  It provides a rapid indication of whether mTBF procedures are to be used on an individual TBF establishment basis thus providing flexibility for the network in deciding when to use mTBF procedures.  

It has been shown that the network must be capable of indicating to an mTBF capable mobile whether it is using legacy procedures or mTBF procedures to distinguish the case of re-assignment of resources from that of assignment of additional resources.  

It is an open point as to the need for an UL flag in the PRR depending on whether it is sufficient for the network to rely on the indication in the MS RAC.   

It is therefore proposed that the mechanism described be adopted in Release 6 to handle the optional mTBF capability in both mobile and network.  

9. References

[1]
MS MTBF Capability Indication, TSG GERAN #13-bis, Winchester, UK, 10th-14th March 2003, G2-030177, Ericsson


Multiple TBF Capability Indication in Release 6
1 (10)


_1110720794.vsd

_1110721060.vsd

_1110721059.vsd

_1110720562.vsd

