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Annex B (informative):
Multiple TBF Feature
B.1 
General

The multiple TBF feature has been optionally introduced for mobile stations and networks operating in A/Gb mode, this feature is described in TS 43.064 and TS 44.060, and in TS 43.055 and TS 44.018 for DTM procedures.

A mobile station that supports multiple TBF procedures may operate multiple uplink and downlink TBFs concurrently. The maximum number of TBFs that a mobile station can support in either direction concurrently is not specified.

In order to support multiple TBFs, both the network and the mobile station must support:

i)
Packet flow procedures.  The PFI (packet flow identifier) is used in the equivalent manner to the RB Id (radio bearer identifier in Iu mode) in RLC/MAC control messages
ii)
Multiple TBF assignment messages (i.e. MULTIPLE TBF UPLINK ASSIGNMENT, MULTIPLE TBF DOWNLINK ASSIGNMENT and MULTIPLE TBF TIMESLOT RECONFIGURE messages)
There are no minimum multislot class requirements defined in relation to the support of the multiple TBF feature.

Mobile station implementations are expected to ensure that the mobile station can support the number of TBFs sufficient to operate all the PDP contexts it has activated. As such, a mobile station may choose to release, modify or activate one or more PDP contexts when prioritising the services it wants to operate concurrently. The network is not required to consider any potential complexity limitations regarding the number of concurrent TBFs when establishing an uplink or downlink TBF for a mobile station that supports multiple TBF procedures.

B.2 
Multiple TBF capability

The mobile station indicates its support of multiple TBFs in the “Multiple TBF Capability” field in the MS Radio Access Capabilities 2 Information Element which is included in the first PACKET RESOURCE REQUEST message sent to the network (e.g. in a two-phase access if multiple TBFs are requested directly from packet idle mode, or as part of the first PACKET RESOURCE REQUEST message on the PACCH if the initial TBF has been established using a one-phase access). The MS Radio Access Capabilities 2 Information Element is also included in the GMM ATTACH REQUEST and ROUTING AREA UPDATE REQUEST message. 

The network indicates whether it supports multiple TBFs in the “Multiple TBF Capability” field in the GPRS Cell Options IE contained in the system broadcast information (i.e. PSI1, PSI13 and SI13).  The network also includes the GPRS Cell Options IE in the DTM ASSIGNMENT COMMAND message and the Packet Assignment message during DTM procedures.

A mobile station cannot request multiple uplink TBFs in a DTM REQUEST message, but it includes and sets a new bit called “Multiple TBF Capability” in the Channel Request Description 2 information element in that message.  Once it has moved into dual transfer mode through the establishment of a CS channel and a single TBF on a PS channel it may request multiple TBFs using the PACKET RESOURCE REQUEST message on the PACCH of the PDTCH in the same way as for packet transfer mode.  

The network may assign multiple downlink TBFs to a mobile station which is already in dual transfer mode using the MULTIPLE TBF DOWNLINK ASSIGNMENT or MULTIPLE TBF TIMESLOT RECONFIGURE message on the PACCH of an existing TBF.  For the case where there are no ongoing TBFs for a given MS, the network determines the mobile station’s multiple TBF capabilities from the MS RAC IE which is provided by the SGSN with the downlink LLC PDUs.

The network may reconfigure the mobile station’s TBFs during a CS channel reconfiguration which does not involve a cell change.  On CS handover, all PS resources are dropped and have to be re-established in the new cell.

B.3
Multiple TBF procedures

B.3.1
Data multiplexing options

B.3.1.1
Single TBF per upper layer flow

If the mobile station has user data to send for two or more PFCs, it requests one uplink TBF for each PFC.  In the downlink, the network may assign a separate TBF to the mobile station for each PFC for which there is user data to send or it may decide to perform downlink (DL) TBF sharing, see B.3.1.2.  

If a single TBF per upper layer flow is established, the network assigns one RLC instance and one TBF for user data from one PFC.  The QoS parameter settings for the TBF relate directly to the QoS requirements for the PFC.  

B.3.1.2
DL TBF sharing

In the downlink the network may decide to perform DL TBF sharing for PFCs with similar QoS requirements which do not have strict delay requirements (i.e. background and interactive services).  Multiplexing of user data from these different PFCs onto a single TBF is done on an LLC PDU basis and the PFC to which the user data belongs is only identifiable at the LLC layer using SAPI (i.e. the SGSN indicates a PFI associated with one user data flow when sending an LLC PDU associated with another user data flow to the BSS on the Gb interface).  As a single RLC instance is used for all LLC PDUs delivered on that TBF, the different PFCs must use the same RLC mode.

B.3.1.3
Explicit UL TBF switching

The network allocates the new PFC ownership of the ongoing uplink TBF on which the PACKET RESOURCE REQUEST message was sent using the PACKET UPLINK ASSIGNMENT message.

B.3.2
RLC/MAC Signalling

In the single TBF configuration, RLC/MAC control messages relating to a particular TBF are sent to the network on the PACCH of a timeslot on which the TFI of that TBF is valid.  For example, the (EGPRS) PACKET DOWNLINK ACK/NACK message is sent on the PACCH/U of an uplink timeslot on which the downlink TFI is valid.  

The network may choose not to assign to a mobile station with multiple active TBFs any resources on any of the uplink timeslots corresponding to the downlink timeslots on which the downlink TFI is valid (e.g. when an MS has been allocated more downlink timeslots than uplink timeslots).  In this case the network must assign an “uplink control timeslot” to the mobile station for those downlink TBFs allocated one or more timeslots for which no corresponding uplink timeslot has been allocated.  The mobile station then sends the RLC/MAC control message on the assigned uplink control timeslot (where the downlink TFI is not a unique identifier) and adds the downlink timeslot number into the message in order for the network to identify the relevant TBF.

If the mobile station receives more than one assignment message, then the mobile station uses the uplink control timeslot given in the most recently received assignment message.  It is the responsibility of the network to assign resources to a mobile station without violating its multislot capabilities. 

Note that a “downlink control timeslot” concept is not needed, as for the case where an MS has been allocated more uplink timeslots than downlink timeslots each uplink TBF will always have at least one uplink timeslot for which there is a corresponding downlink timeslot. This is possible through the use of extended dynamic allocation where MS permission to transmit on a given uplink timeslot may be provided on a downlink timeslot that does not directly correspond to that uplink timeslot. 

B.3.3
TBF establishment

B.3.3.1
TFI allocation

A TBF is assigned one TFI value which is valid on all of the timeslots on which data for this TBF may be sent.  The network assigns the TFI value and all the valid timeslots for the TBF in the assignment message.  A multislot mobile may therefore have some TBFs with TFI values which are valid for fewer than all of the timeslots assigned to the mobile station. These timeslot restrictions are specified by the network at the TBF assignment.  Similarly the network will only assign a USF value to an uplink TBF for those timeslots on which data for this TBF may be sent.  

The result of this is that although no TFI values are wasted, the uplink control timeslot concept is needed to allow RLC/MAC control messages relating to a downlink TBF to be sent on an uplink timeslot where this TFI is not valid, see B.3.2.

Data for one PFC is assigned a single TBF at the TBF establishment, thus creating a one-to-one relationship between PFI and TFI.  

B.3.3.2
Single TBF request / establishment

A mobile station in packet idle mode supporting multiple TBF procedures may request a single uplink TBF according to existing procedures, using either one-phase or two-phase access.  The mobile station must include the PFI to be associated with each TBF.  The network may respond with either a PACKET UPLINK ASSIGNMENT or a PACKET TIMESLOT RECONFIGURE message (see section 7 of TS 44.060).  

The network may send a PACKET DOWNLINK ASSIGNMENT message to a mobile station in packet idle mode to assign a downlink TBF to the mobile station.

The network may send a PACKET UPLINK/DOWNLINK ASSIGNMENT or a PACKET TIMESLOT RECONFIGURE message to a mobile station in packet transfer mode.  All ongoing TBFs which are not included in the message are released and the explicitly addressed TBFs are either reconfigured (if already active) or established (if not active beforehand).

When assigning a single uplink TBF and/or a single downlink TBF in a PACKET UPLINK ASSIGNMENT, PACKET DOWNLINK ASSIGNMENT or PACKET TIMESLOT RECONFIGURE message to a mobile station which supports multiple TBF procedures, the network must indicate a PFI to be associated with each TBF.  This ensures that if the mobile station requests additional TBFs, the PFI can be used as a flow identifier in accordance with multiple TBF procedures.

B.3.3.3
Multiple TBF establishment / reconfiguration

B.3.3.3.1
Multiple uplink TBF request / establishment

The mobile station in packet idle mode may request multiple TBFs by performing a two-phase access according to existing procedures (on CCCH or PCCCH) and including the multiple TBF request information in the Extended Channel Request Description IE of the PACKET RESOURCE REQUEST message.  

The mobile station may request multiple TBFs from packet transfer mode or dual transfer mode by including the multiple TBF request information in the Extended Channel Request Description IE of the PACKET RESOURCE REQUEST message.

In response to a PACKET RESOURCE REQUEST message requesting multiple uplink TBFs, the network may send one of the following messages:

· PACKET ACCESS REJECT message rejecting the whole request (the mobile station may retry after T3172 expires).

· PACKET UPLINK ASSIGNMENT message assigning an uplink TBF to the PFC in the multiple TBF request having the highest priority (See note 1).  On reception of this message the mobile station shall release all ongoing uplink TBFs.  The mobile station cannot have more than one uplink TBF ongoing as a result of receiving this message.  

· PACKET UPLINK ASSIGNMENT message indicating the PFI of the PFC using an ongoing uplink TBF to indicate that the corresponding ongoing uplink TBF is being reconfigured.  The mobile station interprets this as not being the response to the multiple TBF resource request (See note 2). However any other previously assigned uplink TBFs are implicitly released upon reception of the PUA message. The mobile station cannot have more than one uplink TBF ongoing as a result of receiving this message.  

· PACKET TIMESLOT RECONFIGURE message to indicate that an ongoing uplink TBF is being reconfigured and that also an ongoing downlink TBF is being reconfigured. The mobile station interprets this as not being the response to the multiple TBF resource request (See note 2). The mobile station cannot have more than one uplink and one downlink TBF ongoing as a result of receiving this message.  

Note 1: If the PFI is one of the PFIs included in the multiple TBF request the mobile station interprets the PACKET UPLINK ASSIGNMENT as the response to the multiple TBF resource request and therefore an MTUA/MTTR response is not going to be sent (See explicit TBF sharing). 
Note 2: If the PFI addresses a PFC using an ongoing TBF, this indicates to the mobile station that the mTBF request is still outstanding, so it should wait for a MTUA/MTTR response. 
Alternatively, the network may send one or more of the following messages (according to multiple TBF procedures):

· PACKET ACCESS REJECT message rejecting part of the multiple TBF request indicated by a list of PFIs (the mobile station may retry for the rejected TBFs after T3172 expires). In the case of a partial rejection the network assigns resources for one or more of the TBFs requested by the mobile station, as a partial reject of a resource request is not treated as an abnormal case.

· MULTIPLE TBF UPLINK ASSIGNMENT message to assign one or more uplink TBFs.
· MULTIPLE TBF TIMESLOT RECONFIGURE message to reassign the ongoing resources at the same time as assigning new resources.
B.3.3.3.2
Multiple downlink TBF establishment

The network cannot assign multiple downlink TBFs to the mobile station straight from packet idle mode, it must first assign a single downlink TBF using the (P)CCCH procedures and then send the MULTIPLE TBF DOWNLINK ASSIGNMENT or MULTIPLE TBF TIMESLOT RECONFIGURE message to the mobile station on the PACCH. 

If the mobile station already has one or more uplink TBFs, the network may assign one or more downlink TBFs by sending a MULTIPLE TBF DOWNLINK ASSIGNMENT or MULTIPLE TBF TIMESLOT RECONFIGURE message to the mobile station on the PACCH.

If the mobile station has more than one uplink or downlink TBF ongoing and receives a PACKET TIMESLOT RECONFIGURE message, it shall only keep the uplink TBF and downlink TBF specified in that message. The mobile station cannot have more than one uplink and one downlink TBF ongoing as a result of receiving this message.   
On reception of a PACKET DOWNLINK ASSIGNMENT message, it shall release all ongoing downlink TBFs.  The mobile station cannot have more than one downlink TBF ongoing as a result of receiving this message.  
B.3.3.3.1
Usage of multiple TBF assignment messages

The MULTIPLE TBF UPLINK/DOWNLINK ASSIGNMENT messages do not have any impact on ongoing TBFs which are not explicitly addressed in the message.  However the MULTIPLE TBF TIMESLOT RECONFIGURE message is used to implicitly release all ongoing TBFs which are not explicitly addressed in the message. 

The MULTIPLE TBF TIMESLOT RECONFIGURE message should only be used by the network if more than one TBF is currently assigned or if the resulting configuration after reception of the message consists of more then one TBF in one direction. Even if these rules are violated the mobile station should always act on the message.

Table 1 – Message Usage Rules

	Assignment messages used
	Number of downlink TBFs (after assignment)

	
	0
	1
	2 or more

	Number of uplink TBFs 

(after assignment)
	0
	-
	PDA / MTTR (1)
	MTDA / MTTR (3)

	
	1
	PUA / MTTR (1)
	PTR / MTTR (1)
	MTUA / MTDA / MTTR

	
	2 or more
	MTUA / MTTR (2)
	MTUA / MTDA / MTTR
	MTUA / MTDA / MTTR


(1)

If the mobile station had multiple active TBFs prior to the assignment.
(2) 

If the mobile station had downlink active TBFs prior to the assignment.
(3) 

If the mobile station had uplink active TBFs prior to the assignment.

Example 1: In the case of the MTTR, this message is used to reconfigure a mobile station which has more than one TBF in either direction prior to the reconfiguration.  Thus it may be that the network reassigns only a single TBF in either or each direction as a result, but the MTTR message still is used (as this indicates to the mobile station that all other TBFs are to be released).

Example 2: If a mobile station has multiple uplink TBFs, but no downlink TBFs, the network sends an MTDA message to the mobile station even if it is only for a single DL TBF assignment.

B.4
RLC/MAC Timers

B.4.1
TBF timers

On the mobile side the timers T3164, T3168, T3172, T3180, T3182, T3184, T3190, T3192 and T3194 are related to a TBF instance. The new mobile station timer T3188 is not related to a TBF instance, as it supervises the contention resolution (see B.4.2). 

On the network side the timers T3169, T3191, T3193 and T3195 are related to one TBF instance, as the action on expiry of these timers is the release of the TBF resources. 

B.4.2
Contention resolution timer

T3188 has been introduced to control the time within which contention resolution should be completed.  It is started in the mobile station when a PACKET RESOURCE REQUEST message requesting two or more uplink TBFs is sent to the network in the second phase of a two-phase access requesting multiple TBFs and is stopped upon receipt of the MULTIPLE TBF UPLINK ASSIGNMENT message or a PACKET UPLINK ASSIGNMENT message.

T3188 runs in parallel to the T3168 timers which are started for each resource request, and may have the same value as T3168.  There is only one instance of this timer in the mobile station, and the expiry of this timer indicates the failure of the mobile station’s access rather than of an individual TBF establishment attempt.

B.5
CSN.1 coding of multiple TBF messages

B.5.1
MULTIPLE TBF UPLINK ASSIGNMENT message

Ongoing TBFs that are not explicitly addressed in this message are left unchanged. In the main body of the MULTIPLE TBF UPLINK ASSIGNMENT message is the following:

{ 0 | 1
< Uplink TBF Assignment : < Uplink Assignment struct > > }

	< Uplink Assignment struct > ::=



< EXTENDED_DYNAMIC_ALLOCATION : bit (1) >


{ 0 | 1 < Uplink Control Timeslot : bit (3) > }


{ 0 | 1 < P0 : bit (4) > 



< PR_MODE : bit(1) > }


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


{ 0 | 1 < Global Timeslot description : < Timeslot description struct > >



{ 1 < Uplink TBF Assignment : < Uplink TBF Assignment struct > > } ** 0  } ;




This struct gives all the information that is only given once per assignment message, including:

· whether extended dynamic allocation is used (if it is, it will be used over the set of timeslots indicated in the Timeslot Description), 

· whether an Uplink Control Timeslot has been assigned to the mobile station, 

· whether the assignments contained in this message are not immediately valid (TBF starting time delays the validity of the assignments until this time) and 

· which uplink timeslots which have been assigned to the mobile station in this message.  Note that this is a bit field (ignoring USF allocation) which indicates all of the uplink timeslots assigned resources in this message (e.g. 00111000 means that at least one TBF is assigned to each of timeslots 2, 3, 4).  It is NOT required for all TBFs to be valid on ALL these timeslots (see the TBF Timeslot Allocation field).

	< Uplink TBF Assignment struct > ::=




-- Recursive for multiple TBFs

{ 0 < RB Id : bit (5) > 
| 1 < PFI : bit (7) > }


< TFI Assignment : bit (5) >


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


{ 0 | 1
< EGPRS Channel Coding Command : < EGPRS Modulation and Coding Scheme IE > > }


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


{ 0













-- The timeslots assigned to the TBF are all the timeslots assigned
















-- in the Global Timeslot description


| 1
< TBF_TIMESLOT_ALLOCATION : bit (N) > }
-- The timeslots assigned to the TBF are a subset of all the

















-- timeslots assigned in the Global Timeslot description. Where

















-- N is the amount of timeslots assigned to the MS in the Global 

















-- Timeslot description


{ 0

< USF_ALLOCATION : bit (3) >


-- The same USF is valid on all timeslots assigned to the TBF

| 1













-- Different USF(s) assigned




< USF_ALLOCATION : bit (3) >




-- USF assignment on the lowest numbered timeslot


















-- assigned to the TBF




{ 0 | 1 < USF_ALLOCATION : bit (3) > } * (M-1) } ;
-- USFs on subsequent timeslots assigned to the TBF:



















-- A ‘0’ (respectively a ‘1’ followed by a USF value) 



















-- means same (respectively different) USF value as the



















-- USF on the  next lower numbered timeslot assigned to



















-- the TBF. Where M is the amount of timeslots assigned



















-- to the TBF in the  TBF_TIMESLOT_ALLOCATION if 



















-- present, else in the Global Timeslot description




The length of the TBF_TIMESLOT_ALLOCATION field is equal to the number of timeslots marked as being assigned to the mobile station in the Global Timeslot description struct in the Uplink Assignment struct.  It allows multiple TBFs to have different timeslot allocations, if it is not included then all TBFs assigned in this message share the timeslot allocation as described in the Global Timeslot description.
This coding allows the network to assign different parameters (timeslots, USFs) for each TBF in the message but is optimized for the cases where:

a)
The TBF is assigned on all timeslots in the Global Timeslot Description; or

b)
The TBF is assigned on a subset of the timeslots indicated in the Global Timeslot Description;

and

c)
the same USF is used on all timeslots of the TBF; or

d)
there are different USFs for the TBF, but the same USF is used on consecutive timeslots of the TBF.
B.5.2
MULTIPLE TBF DOWNLINK ASSIGNMENT message

Ongoing TBFs that are not explicitly addressed in this message are left unchanged. In the main body of the MULTIPLE TBF DOWNLINK ASSIGNMENT message is the following:

{ 1 < Multiple Downlink TBF Assignment : < Multiple Downlink TBF Assignment struct > > } ** 0 

which indicates that the following struct may be repeated.

	< Multiple Downlink TBF Assignment struct > ::=


< TIMESLOT_ALLOCATION : bit (8) >


{ 1 < Downlink TBF assignment : < Downlink TBF assignment struct > > } ** 0 ;




This struct is repeated for each set of TBFs that share a common downlink timeslot allocation.  For example, if the mobile station is assigned two downlink TBFs where each operates on timeslots 4 and 5, plus another downlink TBF that is only assigned on timeslot 5, this would require two instances of the Multiple Downlink TBF Assignment struct in this message. 

This approach is used because it is more likely for different downlink TBFs to share a common timeslot allocation than it is for uplink TBFs.  Hence this coding is optimised for the case where all downlink TBFs allocated to a given mobile station are valid on all timeslots (leaving the network to perform the scheduling as necessary).

	< Downlink TBF assignment struct > :: =


{ 0 < RB Id : bit (5) > 

| 1 < PFI : bit (7) > < RLC_mode : bit (1) > }


< TFI Assignment : bit (5) >


< CONTROL_ACK : bit (1) >


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


{ 0 | 1 < HFN_LSB : bit (1) > } ; 


-- HFN_LSB field used in Iu mode only



This struct is repeated for each TBF that is assigned resources in the message.  Each of these repeats may be associated with the same instance of the “Multiple Downlink TBF Assignment struct” (i.e. when multiple downlink TBFs share the same downlink timeslot allocation) or with different instances of the “Multiple Downlink TBF Assignment struct” (i.e. when the downlink TBFs do not share the same downlink timeslot allocation).

B.5.3
MULTIPLE TBF TIMESLOT RECONFIGURE message

The MULTIPLE TBF TIMESLOT RECONFIGURE message implicitly releases any TBFs which are not described in the message.  It may be used to assign new resources as well as reconfigure existing resources and is needed when a mobile station is to be reconfigured onto a different carrier and all resources must be moved.

The MULTIPLE TBF TIMESLOT RECONFIGURE message is a combination of all the fields given in the MULTIPLE TBF DOWNLINK ASSIGNMENT and MULTIPLE TBF UPLINK ASSIGNMENT messages except for the uplink control timeslot field, which may be defined per TBF according to the coding, but this is only used for Iu mode.  Hence the coding of this message in A/Gb mode should ensure that the uplink control timeslot is defined only once per message.

The length of this message has been shown to fit into two radio blocks in the majority of scenarios, assuming up to 4 TBFs are assigned in each direction.
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