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An Overview of Multiple TBFs 

1. Background

With packet data services becoming more and more widely used, mobile stations will have to support simultaneous PDP contexts, with different quality of service requirements.  For instance mobile users who have a real time audio, a web browser and an e-mail application running at the same time require support for all these applications with their appropriate QoS.  

It is of course possible to support multiple applications using the current standards either by mapping all of these data streams onto one TBF or by releasing a TBF and setting up a new one each time data from a different application needs to be transmitted.  Both of these approaches have limitations.  

In order to multiplex multiple data streams onto one TBF they must all share the same RLC mode.  If upper layer PDUs utilising a different RLC mode need to be transmitted, there is no choice other than to release the current TBF and set-up a new one thus leading to delays and high signalling load.  Even if the different data flows can utilise the same TBF on the uplink, a low priority flow will be delayed for an uncontrolled period of time while data from a higher priority flow is being sent.  Thus, the requirement for multiple parallel bearers (data flows) for GERAN was defined.

2. Requirements

The requirements for the multiple parallel bearer concept are given below.

2.1. Mandatory Features

1. Iu mode shall be supported

2. R5 mobiles operating in Iu mode shall support this feature

3. Multi-slot R5 mobiles shall be supported

4. Uplink and downlink data flows shall be supported

5. All MAC scheduling schemes shall be supported

(Fixed, dynamic and extended dynamic allocation)

6. Multiple parallel bearers on DPSCH and on SPSCH shall be supported

7. Each data flow shall be able to possess different QoS characteristics

(A separate RLC instance per radio bearer must be provided)

8. Data flows shall be multiplexed on a radio block basis

9. Multiple parallel data flows to one MS shall be supported

Minimum of 1 data flow per MS per direction

Maximum of 32 data flows per MS per direction

10. Multiple TBF capability may vary between mobiles, although maximum and minimum values should be agreed upon (with input from operators and mobile manufacturers).



Maximum number of UL data flows per mobile shall be specified



Maximum number of DL data flows per mobile shall be specified

11. Set-up and release of multiple data flows in one transaction

2.2. Optional Features

1. Support for the Gb interface

3. Concept

In order to provide multiple parallel bearers to a single mobile station, the decision has been taken to support multiple TBFs per MS.  One TBF shall carry information for one radio bearer, hence multiple radio bearers will be supported through multiple TBFs.

3.1. Impact on network and mobile functionality

Allocation
· The network decides which resources to allocate to the MS

· The MS is given a variable degree of freedom within the allocated resources to serve each of the bearers fairly according to their QoS requirements
Scheduling
· The network schedules each RB (i.e. each TBF) in the downlink

· The mobile schedules each RB (i.e. each TBF) in the uplink according to the restrictions of the allocation (done by the network), see [2].

· Scheduling can help to provide QoS guarantees; the network can allocate a scheduling opportunity to a group of TBFs or a separate opportunity to each TBF (for differentiated QoS control).  

Signalling

· The TFI is used to identify the RB in the control messages and in the data blocks; so the network and mobile need to map TFI(RB ID

· Changes need to be made to the RLC/MAC control messages to support multiple TBFs.  In particular, the resource allocation messages have been considered in order to include a list (of up to a maximum number) of TFI values

· Within multiple TBF allocation/reconfiguration messages it must be indicated whether the TBF is a re-allocation of an existing RBs resource or a new allocation

· It must be ensured that the signalling does not exceed acceptable levels

3.2. Mobile Capability

3.2.1. Individual mobile capability

Given the requirement that multiple TBF capability may vary between mobiles, an MS needs to signal this to the network to prevent it from being requested to establish or receive more TBFs than it is capable of.

It is proposed that the maximum number of uplink and the maximum number of downlink TBFs that the mobile can support be included in the MS Radio Access Capability IE (UL and DL values are independent of one another).  This is signalled in the PRR message during two-phase access and also informs the network of the mobile’s multi-slot / access technology / 8PSK / etc capability.

3.2.2. General maximum capability

Regarding imposing a maximum number of simultaneous TBFs per mobile, it is thought necessary to define this value as it will ensure that the mobile’s requirements for processing, memory etc. are capped.

For UTRAN, there is a maximum of 16 logical channels per transport channel and 32 transport channels per mobile.  This is purely a theoretical maximum and it is envisaged that in a real world scenario there would be rarely more than about 16 logical channels per mobile at any one time.  The theoretical maximum number of radio bearers is 32 per mobile (5-bit RB identity IE in 25.331).

For GERAN it is proposed that the maximum number of TBFs per mobile should be less than or equal to 8.  One reason for this is because is it thought unlikely that a user would wish to have more than 4 applications on-going, each with one URB and with a couple of SRBs for the signalling.  Even if some applications (ftp, download emails) are performed automatically, it is reasonable to assume that a user would not require them all to be active at the same time.  This is a purely speculative proposal and is introduced pending advice from other companies.

It is important to reiterate that this does NOT limit the total number of radio bearers that can be supported per mobile.  A radio bearer on an SPSCH does not need to have a TBF always assigned to it, hence this limit affects only the maximum number of simultaneous TBFs.  

A radio bearer on a DPSCH will have a TFI implicitly mapped to its RB ID, therefore this requires a TFI for the entire duration of the RB.  This would limit the total number of RBs using dedicated channels to the number of TFI available, rather than any maximum number of TBFs.  The maximum number of RBs allowed would also be a limiting factor, as with UTRAN.

3.3. Scheduling

Together with the requirement that all types of allocation (fixed, dynamic, extended dynamic) shall be supported is the equally important aim for the scheduling to be controlled in such a manner as to fairly serve each traffic flow according to its QoS.

The role of scheduling of TBFs (i.e. RBs with differing QoS) onto a PDCH is an important one for providing the requested level of service (QoS).  How to provide guaranteed bitrates and meet minimum delay requirements is discussed in [2].

3.4. Signalling concerns

It is clear that with existing control messages the amount of signalling required to set-up and release multiple TBFs is going to be greater than when only one TBF is allowed per mobile.

However, by modifying the control messages to allow multiple TBFs to be set-up / released in one message, the increase in signalling will be much less than if each TBF has to be set-up / released separately.  These resource allocation messages (PUA, PDA and PTR) will be looked at in detail in [1].  It will be ensured that the messages do not exceed the current limits (2 block for DL messages, 1 block for UL messages) unless it is shown that a longer segmented message would be acceptable (due to infrequency of signalling or other reason).

It is also worth noting that the delayed TBF release mechanism will also reduce the amount of signalling overhead.

4. Multiple TBF Management

4.1. Multiple TBF establishment (MS initiated)

Optional Requirement – To set up multiple TBFs in one transaction

This would typically be done after cell reselection.  This requirement is also useful for applications that have more than one distinct data flow.

Setting up multiple TBFs in one transaction cannot be done with one-phase access, as there is not enough room in the PACKET CHANNEL REQUEST message to identify more than one TBF.  

It can, however, be done with two-phase access and additional TBF set-ups can be requested using PACCH control messages.  

Assuming the PCCCH is present, the following messages would be used:
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	Message
	Channel
	
	Identity

	PCR
	PRACH
	No room to indicate multiple TBF establishment request
	random

	PUA
	PAGCH
	Just as for normal two-phase access
	random

	*PRR
	PDCH
	Includes details of all TBFs requested and specifies RB id for each one
	G-RNTI

	*PUA
	PDCH
	Includes details of TBFs granted/rejected/queued and USF/TFI values for each TBF
	G-RNTI

	Data block
	PDCH
	Could contain RB ID instead of TFI, plus Iu indicator to split data blocks at MAC level (ffs)
	TFI


*  = modified message

This assumes that the RBs have previously been set up and merely require resources for data transfer.  An RB establishment request itself cannot be incorporated into these messages, as this is an RRC message rather than an RLC/MAC control message.

The resource allocation messages should be constructed such that individual TBF set-up requests can be allocated resources, rejected or queued (with notification of queuing in the resource allocation message).

4.2. Multiple TBF release

Requirement – A multiple TBF release message should be provided that can order the mobile to release all (up to 8 TBFs?) with any combination of uplink and downlink TBF on any combination of timeslots.

	Message
	Channel
	Comment
	Identity

	PACKET TBF RELEASE
	PDCH
	Alternatively, a new message, PACKET MULTIPLE TBF RELEASE, could be used
	G-RNTI


4.3. Modifications to the PACCH

Requirement – Each TBF is associated with one PACCH channel, which may not necessarily be on the same PDCH

In the process of introducing the support of multiple TBFs per MS, the concept of how the PACCH channel works has been called into question.  It has already been proposed that the scope of the PACCH be changed to serve a mobile rather than a PDCH in order for the MS to control all its TBFs on one control channel (providing they are on the same PDCH).

5. Multiple TBFs on an SPSCH

On an SPSCH, where several mobiles can be allocated scheduling opportunities (either through dynamic or fixed allocation), how specific does the allocation description need to be?  

5.1. Fixed allocation

For fixed allocation, the GERAN would send the mobile one allocation description (in the form of a bitmap) and for each TBF a list of TFIs and timeslots they can be used on.  For each scheduling opportunity (denoted as a ‘1’ in the bitmap), the MS can then send any of the TBFs that have a valid TFI on that timeslot.

For example, 
MS1 – TFI21, TFI13 on scheduling opportunity 1 or 5

MS2 – TFI4, TFI6 on any of scheduling opportunities 2,3,4
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5.2. Dynamic allocation

In the following example using dynamic allocation MS1 has two TBFs, each of which has the full use of one USF.  MS2 has two TBFs, where TFI4 can use two USFs, and TFI6 only one.  In the case where TFI4 has no data to send, TFI6 would be given the opportunity instead.  This avoids wasting a radio block when there is data waiting to be sent in that mobile.
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If, for example, MS2 also had a TBF operating on another timeslot but which coincidentally had the same TFI value as a valid TFI on TS3, it would not be able to send this TBF as the TFI value would be ambiguous.  Hence a restriction on this “stealing” of radio blocks is that the TBFs must be valid on that PDCH.

6. Multiple TBFs on an DPSCH

On a DPSCH, a single mobile can use the full channel for the duration of the connection, that is, until the channel is released.  Establishment and release of TBFs are not strictly necessary in this scenario as there is no necessity to release resources.  However, in order to identify separate radio bearers, it is proposed to use a TFI instead of a RB ID as an identifier.  

During RB setup, when the QoS parameters are given and the RB ID fixed, a TFI value will be mapped to the RB Id.  Then, when the RB sends data, it will use the predefined TFI in the data block header.  The same RLC/MAC header format could be used as for SPSCHs.

This is consistent with the approach taken for SPSCHs and would allow up to 32 RBs on a DPSCH.
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7. Conclusions

This paper has outlined at a high level the concept for providing multiple TBF support in GERAN R5.  

The following agreements need to be reached: (this list is not exhaustive)

· Whether a new IE (or field in existing IE) indicating max UL and max DL TBFs needs to be defined (as in section 3.2.1)

· Maximum number of TBFs to be supported (in UL and also in DL) (see section 3.2.2)

· Whether sending two DL control messages is acceptable (when all TBFs need to be addressed) or one segmented message across a total of four DL radio blocks (see section 3.4)

A list of the modifications compiled so far is given below:

Definite requirements

· Extend some of the existing PACCH messages – ensuring minimum field size and optimal coding

· Modify the PACCH handling concept to efficiently handle multi-slot mobiles
· New procedure needed for setting up multiple TBFs in one transaction
· Modify all descriptions of RLC/MAC control behaviour

· Provide new downlink polling procedure to ensure all downlink TBFs have appropriate opportunities to provide acknowledgements to the network

· Redefine definition of Global_TFI for some messages such that it explicitly refers to the particular TBF in question

Optionally required (FFS)

· Creation of some new PACCH messages

· Improved TFI management due to higher risk of TFI depletion

· Improve existing allocation procedures (Working assumption – no changes required)
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