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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 (and multiple PDP contexts) 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 the upper layer data block (PDU) from a higher priority flow is being sent.  Thus, the requirement for multiple parallel bearers (data flows) for GERAN was defined.

It has been decided that in order to provide multiple parallel bearers to a single mobile station, multiple TBFs shall be introduced.  The requirements and rules governing the behaviour of an MS supporting multiple TBFs are described in the following sections.

2. Requirements

The agreed requirements for the multiple TBF concept are shown below.

2.1. Mandatory Feature Requirements

1. Multiple parallel data flows to/from one MS shall be realised through introducing multiple TBFs

2. R5 mobiles operating in Iu mode shall support multiple TBFs

3. Multiple TBFs shall be supported by multi-slot and single-slot R5 mobiles 

4. Multiple TBFs shall be supported for uplink and for downlink data flows

5. Multiple TBFs shall be supported on PDTCHs on DBPSCH and on SBPSCH

6. Up to 8 uplink TBFs shall be supported for each MS

7. Up to 8 downlink TBFs shall be supported for each MS

8. Multiple TBF capability shall either be fully supported or not supported at all 
i.e. an MS indicating it has multiple TBF capability shall be able to support requirements 6 and 7 above

9. Each TBF shall be able to possess different QoS characteristics
(For this, a separate RLC instance per radio bearer must be provided)

10. Multiple TBFs shall be multiplexed on a radio block basis

11. One TBF shall carry information for one radio bearer (with the exception of the FACCH/Shared channel and the uplink scheduling mechanism)

12. One USF shall be allocated per TBF. 

13. The GERAN shall schedule each RB (i.e. each TBF) in the downlink

14. The GERAN shall schedule each RB (i.e. each TBF) in the uplink using USF values according to the restrictions of the allocation (Timeslots, BPSCH chosen) and the FACCH/Sh concept.
2.2. Message Requirements

15. It should be possible to establish up to 8 TBFs on an SBPSCH for one MS in a single signalling transaction, that is, in a single RLC/MAC control message
.  This will not always be possible (see requirement 17).

16. All TBFs belonging to one MS shall be able to be released in one transaction/message with any combination of uplink and downlink TBFs on any combination of timeslots.

17. If the length of the control message exceeds the current limits (two blocks for DL messages, one block for UL messages), two separate control messages shall be sent instead of one segmented message.

18. The PACKET CHANNEL REQUEST message shall not be affected by the introduction of multiple TBFs. 

19. Any changes to messages sent on the PCCCH must be backwards compatible. 

20. No new R5 messages shall be created for use on the PCCCH.  

Therefore, multiple TBF resource allocation messages (modified PTR, PDA, PUA) shall only be sent on the PACCH and not on the PCCCH.
  Normal messages may be sent in the case where only one TBF is being requested/assigned.

2.3. Optional Requirements

1. Support for the Gb interface - Technical feasibility to be assessed.   The current working assumption is that multiple TBFs shall not be introduced in A/Gb mode as the changes to the control messages are too great.  Also the presence of the PCCCH is mandatory to support multiple TBFs.

2.4. Requirements to be confirmed

· On an SBPSCH dynamic allocation shall be supported; extended dynamic allocation is FFS.

· On a DBPSCH dedicated allocation shall be supported [5].

3. Working Assumptions

This section captures the current working assumptions.

3.1. Multiple TBF capability

· Multiple TBF capability shall not vary between mobiles of any one release, either an MS supports:

8 TBFs in each direction (all R5 MS)

or 

1 TBF in each direction (all pre-R5 MS). 

It is important to reiterate that the maximum multiple TBF limit does NOT limit the total number of radio bearers that can be supported per mobile.  A radio bearer on an SBPSCH may not always have physical resources; hence this limit affects only the maximum number of simultaneous TBFs.  

· It is assumed that the coding scheme is the same (fixed) for all TBFs belonging to one MS.

3.2. PACCH and RLC/MAC control messages

· Each MS has an associated PACCH channel for sending RLC/MAC control messages.  The PACCH may not necessarily be on the same PDCH as the TBF.  Messages sent on the PACCH shall include a timeslot number if the TFI or RB id do not uniquely identify the RB sending / receiving the message.  See [2].

3.3. Multiple TBFs on an SBPSCH

· As Iu mode and A/Gb mode mobiles will share resources on an SBPSCH, the RB ID will be mapped to a TFI and the TFI included in the RLC/MAC header in order to provide unique identification for each traffic flow (RB).
· The TFI is used to identify the RB in the control messages and in the data blocks on a PDTCH on SBPSCH, so the network and mobile both need to store the mapping TFI(RB ID.  
3.4. Multiple TBFs on a DBPSCH

· The TFI shall be set to the RB ID value during RB set-up (when the QoS parameters are given and the RB ID fixed) to identify separate radio bearers on a PDTCH on DBPSCH.  This requires a TFI for the entire duration of the RB and 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.

· The USF bits will be used as for an SBPSCH as the GERAN will schedule “TBFs” on the DBPSCH using the USF values.

3.5. Multiple resource request messages

· During contention resolution an MS is not allowed to request additional resources.  It must first successfully resolve contention before sending an additional resource request message.

4. Multiple TBF Procedures

Any R5 MS operating in Iu mode shall be able to use the multiple TBF procedures as described in this section.  Support of Iu mode indicates that both the GERAN and the MS can support these procedures.

4.1. TBF Establishment

Multiple TBF request/assignment messages for Iu mode shall always indicate whether the TBF request is a re-allocation of an existing RB’s resource or a new allocation by including the RB ID.

4.1.1. Establishing one or more TBFs in Iu mode from MAC-Idle state (on SBPSCH)

When an MS has data to send, it shall send a PACKET CHANNEL REQUEST message on the PRACH indicating two-phase access as the establishment cause.  The GERAN shall assign a single block using the PACKET UPLINK ASSIGNMENT message in order for the MS to complete two-phase access (exactly as for A/Gb mode).  

The MS shall then send either a PACKET RESOURCE REQUEST or a MULTIPLE TBF RESOURCE REQUEST message according to whether one or more TBFs need to be established.  In this message the MS identifies itself (random or assigned G-RNTI as given to the MAC by the RRC layer) and its requirements (TBFs required for which RBs?).  

The GERAN then allocates resources according to the parameters given in the PACKET / MULTIPLE TBF RESOURCE REQUEST message and confirms the identity of the MS to whom this resource is assigned (using the MS identity included in the PACKET / MULTIPLE TBF RESOURCE REQUEST message).  The assigned resources shall be given in the form of RB Id and its associated TFI and optional USF for each timeslot/BPSCH.

4.1.2. Establishing another TBF from MAC-Shared state (on SBPSCH)

In MAC-Shared state the MS has at least one SBPSCH assigned.  The MS shall use a resource request message on the PACCH of the SBPSCH to indicate to the GERAN its additional resource requirements.  The GERAN shall respond with a PUA, MTUA or PTR message.

4.1.3. Establishing a TBF from MAC-Idle State (on DBPSCH)

The working assumption is that the procedure is the same as for SBPSCH (pending DBPSCH concept).

4.1.4. Establishing another TBF from MAC-Dedicated state (on DBPSCH)

The working assumption is that the procedure is as for SBPSCH except requests will be between different RBs requesting resources, rather than TBFs (all RBs have TFIs but do not all have USFs).  Hence an RB with a valid TFI requests a USF, possibly in the same way as has recently been proposed for shared resources, see [6].

4.1.5. Restrictions to multiple TBF allocation

· The GERAN decides which resources (SBPSCH or DBPSCH) to allocate to the MS requesting multiple TBFs and sends an assignment message (UL, DL or PTR if current resources are to be reassigned to another BPSCH/Timeslot)

· The GERAN decides whether/when to reallocate resources during the lifetime of the bearer; this may be done using information from the MS.

· The PACKET / MULTIPLE TBF TIMESLOT RECONFIGURE message shall be used to reassign / allocate uplink AND downlink resources.  If only UL or only DL resources are being reassigned/allocated, one of the uplink or downlink assignment messages shall be used instead.

· Multiple downlink TBFs shall share the same timeslot allocation, that is, for all the downlink timeslots allocated to a mobile, each TBF shall have a valid TFI.

Multiple uplink TBFs shall have a valid TFI for all uplink timeslots allocated to the mobile but may not have a valid USF for all these timeslots.  This is because the USF field is 3 bits long and only provides scheduling opportunities for 8 TBFs per timeslot.  The network will assign USFs to TFIs using the PUA message and can reconfigure an MSs TBFs dynamically.

5. Multiple TBF messages

This section lists the RLC/MAC control messages used in TBF management and describes the message format changes to be made for multiple TBFs.  Unless otherwise stated, all descriptions refer to behaviour on dedicated and on shared channels.

5.1. RLC/MAC control messages

The following RLC/MAC control messages shall be involved in managing multiple TBFs.

	R5 messages
	Direction of message
	Message is used to …
	Used in which mode?

	PACKET RESOURCE REQUEST
	Uplink
	Request a single UL TBF
	A/Gb- and Iu mode

	(EGPRS) PACKET DOWNLINK ACK/NACK
	Uplink
	Request a single UL TBF
	A/Gb- and Iu mode

	
	
	Request multiple UL TBFs
	Iu mode only

	PACKET ACCESS REJECT
	Downlink
	Reject a single UL TBF request
	A/Gb- and Iu mode

	PACKET QUEUING NOTIFICATION
	Downlink
	Queue a single UL TBF request
	A/Gb- and Iu mode

	PACKET UPLINK ASSIGNMENT
	Downlink
	Assign a single UL TBF to one MS
	A/Gb- and Iu mode

	PACKET DOWNLINK ASSIGNMENT
	Downlink
	Assign a single DL TBF to one MS
	A/Gb- and Iu mode

	PACKET TIMESLOT RECONFIGURE
	Downlink
	Reconfigure a single TBF to another resource
	A/Gb- and Iu mode

	PACKET TBF RELEASE
	Downlink
	Release a single TBF
	A/Gb- and Iu mode

	PACKET MOBILE TBF STATUS
	Downlink
	Indicate erroneous messages have been received relating to a single TBF
	A/Gb- and Iu mode

	PACKET CONTROL ACK/NACK
	Downlink / Uplink
	Acknowledge a control message
	A/Gb- (and Iu mode?)


Table 1: RLC/MAC control messages involved in multiple TBF management

The following new messages are proposed for managing multiple TBFs in Iu mode.

	R5 messages
	Direction of message
	Sent on which channel(s)?
	Message is used to …
	Used in which mode?

	MULTIPLE TBF RESOURCE REQUEST
	Uplink
	PACCH
	Request resources for multiple UL TBFs
	Iu mode only

	MULTIPLE TBF UPLINK ASSIGNMENT
	Downlink
	PACCH
	Assign multiple UL TBFs to one MS
	Iu mode only

	MULTIPLE TBF DOWNLINK ASSIGNMENT
	Downlink
	PACCH
	Assign multiple DL TBFs to one MS
	Iu mode only

	MULTIPLE TBF TIMESLOT RECONFIGURE
	Downlink
	PAGCH, PACCH
	Reconfigure multiple TBFs to another resource
	Iu mode only


Table 2: New RLC/MAC control messages
5.1.1. New Information Elements for Multiple TBFs & Iu mode
Introducing multiple TBFs means that additional information on TFIs, USFs, RB IDs and timeslots needs to be included in the allocation structures.  When assigning or reconfiguring resources, the GERAN needs to convey to the MS the following details:

For each downlink TBF:

· RB id to be associated with each TBF

· RLC mode for each TBF

· RLC octet count (for close-ended TBFs)

· (Once only in downlink assignment message) The full list of timeslots on which to listen

For each uplink TBF:

· Whether the TBF request has been accepted, rejected or queued

· RB Id of the RB associated with the TBF

· TFI value

· Timeslot(s) on which the TFI is valid

· USF(s) assigned to the TBF on each BPSCH/timeslot

For each uplink timeslot:

· The USF granularity for all TBFs on this timeslot (assumed fixed granularity per timeslot)

· The power control parameters for this timeslot (if applicable)

It is assumed that the coding scheme is the same for all TBFs belonging to one MS at any one time.

5.1.2. Message changes for Iu mode
In order for the existing RLC/MAC control messages to be used/reused for GERAN R5 Iu mode, it is necessary to add some or all of the following information elements to each message in a backwards compatible way.

· Change TLLI field to TLLI / G-RNTI field : bit (32)

· Add G-RNTI extension field : bit (4)

· Add RB_ID field : bit (5) 

These changes are essential for Iu mode, regardless of multiple TBF support.

5.2. Uplink resource request

These are the messages that shall be used to request uplink resources in R5 Iu mode.

	R5 messages
	Direction of message
	Sent on which channel(s)?
	Message is used to …
	Used in which mode?

	PACKET RESOURCE REQUEST
	Uplink
	PACCH
	Request a single UL TBF
	A/Gb- and Iu mode

	(EGPRS) PACKET DOWNLINK ACK/NACK
	Uplink
	PACCH
	Request a single UL TBF
	A/Gb- and Iu mode

	
	
	
	Request multiple UL TBFs
	Iu mode only

	MULTIPLE TBF RESOURCE REQUEST
	Uplink
	PACCH
	Request resources for multiple UL TBFs
	Iu mode only


These uplink resource request messages should normally fit into one uplink block (i.e. 184 bits encoded with CS-1).  If the length of the PACKET RESOURCE REQUEST message exceeds one radio block due to many of the optional fields being included, an additional message may be sent (ADDITIONAL MS RADIO ACCESS CAPABILITIES message).  In order to send this message, a flag is set in the first message to indicate that another message is following.  The same principle shall apply if the uplink MULTIPLE TBF RESOURCE REQUEST message exceeds one uplink block using a flag in the first message.

The MULTIPLE TBF RESOURCE REQUEST message can request up to 8 uplink and 8 downlink resources depending on the size of the resulting message.  If no link quality measurements or MS RAC information elements need to be sent, then the remaining space in the message may be used to indicate the resources required.  If other IEs are required, then the number of resources requested shall be limited by the remaining space in the MTRR message.

For details of the new/modified message formats, see the following paper:

· Multiple TBF Resource Request Paper [9]
5.3. Resource Request Reject/Queue/Accept

For each TBF request made by the mobile, the network may respond in one of three ways:

· Reject the request (currently via a PACKET ACCESS REJECT message)

· Queue the request and notify the mobile (currently via a PACKET QUEUING NOTIFICATION message)

· Accept the request and allocate resources via one of the resource assignment messages

With the introduction of multiple TBF channel requests and multiple allocation messages, the network may need to reject or queue part of a request while accepting and allocating resources to the rest.

If some or all of the complete multiple TBF request is to be rejected, the PACKET ACCESS REJECT message can be sent listing the TBF requests which have been rejected. This can then be followed by an assignment message assigning the remaining requests.

The idea is to provide a response for each TBF request in the original multiple request message in the same order as originally specified.  For each response there is an RB_ID value.  This enables the mobile to distinguish between a new allocation and a reallocation for an existing TBF.

The new TFI is given with one of three possibilities, a resource allocation, a reject indicator (only a couple of bits) or a Temporary Queuing Indicator (16 bits).  

With such a structure the network has full flexibility in responding to a multiple TBF set-up request with any combination of responses.

5.3.1. PACKET ACCESS REJECT

This message is used to reject some or all of the multiple TBF requests.  The proposed coding is shown below, based on [3].  This message shall include a list of the TBFs rejected.

5.3.2. PACKET QUEUING NOTIFICATION 

The PACKET QUEUING NOTIFICATION message is sent from the network to the mobile to tell the mobile that the MS’s request has been queued and to pass it a unique queuing identifier (TQI).  This message can be used to indicate that the MS has been placed in a queue.  To indicate that individual requests have been queued, new fields within the PUA or PTR messages shall identify the queuing reference for each part of a multiple TBF request (FFS).  

5.4. Resource Assignment

For the details of the new information fields required for resource assignment in Iu mode, see section 5.1.1.  It is proposed that, as the new assignment messages for multiple TBFs shall only be sent on the PACCH (requirement 19), new non backward-compatible formats shall be created for Iu mode.  This will enable an efficient coding, removing unnecessary legacy IEs.

The following messages shall be used in Iu mode to assign resources.  

	R5 messages
	Direction of message
	Sent on which channel(s)?
	Message is used to …
	Used in which mode?

	PACKET UPLINK ASSIGNMENT
	Downlink
	PAGCH, PACCH
	Assign a single UL TBF to one MS
	A/Gb- and Iu mode

	PACKET DOWNLINK ASSIGNMENT
	Downlink
	PAGCH, PACCH
	Assign a single DL TBF to one MS
	A/Gb- and Iu mode

	PACKET TIMESLOT RECONFIGURE
	Downlink
	PAGCH, PACCH
	Reconfigure a single TBF to another resource
	A/Gb- and Iu mode

	MULTIPLE TBF UPLINK ASSIGNMENT
	Downlink
	PACCH
	Assign multiple UL TBFs to one MS
	Iu mode only

	MULTIPLE TBF DOWNLINK ASSIGNMENT
	Downlink
	PACCH
	Assign multiple DL TBFs to one MS
	Iu mode only

	MULTIPLE TBF TIMESLOT RECONFIGURE
	Downlink
	PAGCH, PACCH
	Reconfigure multiple TBFs to another resource
	Iu mode only


For details of the new/modified assignment message formats, see the following papers:

· Multiple TBF Downlink Assignment Paper [7]
· Multiple TBF Uplink Assignment Paper [8]
· Multiple TBF Timeslot Reconfigure Paper [9]
5.5. Resource Release

5.5.1. PACKET TBF RELEASE

	R5 messages
	Direction of message
	Sent on which channel(s)?
	Message is used to …
	Used in which mode?

	PACKET TBF RELEASE
	Downlink
	PACCH
	Release a single TBF
	A/Gb- and Iu mode


As well as setting up multiple TBFs in one message, it would also be useful to release all TBFs related to the mobile in one command.  This could be achieved either by extending the PACKET TBF RELEASE message to allow a list of TBFs to be specified or by defining a new message.

If only one TBF is to be released at a time, the Global TFI can be used to identify the specific direction and TFI of the TBF to be released.  This represents a change in the use of Global TFI and requires that the network know at TBF release whether the mobile is operating in Iu mode or not.  It is assumed that the network will have this information.

To better support multiple TBFs it is proposed that a list of up to 8 TBFs be introduced into the existing message or a new message.

A variable length list of up to 8 TFIs each containing a direction indicator (uplink = 1, downlink = 0) shall be provided together with a single release cause.  It is assumed that all TBFs will be released for the same reason.  If this is not the case then two messages can be sent one for abnormal release and one for normal release.  

The total size of such a message even with 8 TBFs being released will not exceed one radio block.  

5.6. Miscellaneous Messages

5.6.1. PACKET MOBILE TBF STATUS

	R5 messages
	Direction of message
	Sent on which channel(s)?
	Message is used to …
	Used in which mode?

	PACKET MOBILE TBF STATUS
	Downlink
	PACCH
	Indicate erroneous messages have been received relating to a single TBF
	A/Gb- (and Iu mode?)


This message currently identifies an error situation in a message sent by the mobile.  The mobile in question is identified via the Global TFI, however it would be useful to also specify the TBF (if applicable) to which the erroneously received message relates.  It would therefore be sensible to redefine Global TFI to refer explicitly to the TBF in question.  This means that the message is valid only on the BPSCH on which the TBF is operating.  Any changes to the PACCH (i.e. allowing this message to be sent on another BPSCH) would affect this message.

5.6.2. PACKET CONTROL ACK/NACK

	R5 messages
	Direction of message
	Sent on which channel(s)?
	Message is used to …
	Used in which mode?

	PACKET CONTROL ACK/NACK
	Downlink / Uplink
	PACCH
	Acknowledge a control message
	A/Gb- (and Iu mode?)


A proposal for the format of the PACKET CONTROL ACK/NACK message has been presented in [2]. This will be captured here when agreed.

6. Conclusions

This paper has outlined at a high level the concept for providing multiple TBF support in GERAN R5.  The following sections outline the main changes which need to be completed in order to introduce the multiple TBF feature into the R5 specifications.

6.1. Changes to RLC/MAC control messages [44.060]

All of the messages in this paper require modification to support multiple TBFs, as summarised below.

· Add Iu mode identifiers (G-RNTI, RB ID) in a backwards compatible way to all existing RLC/MAC messages which are intended to be reused for managing a single TBF in Iu mode
· Modify the Channel Request Description IE for Iu mode

· Create new assignment messages for multiple TBFs

· Create a new resource request message for multiple TBFs

· Modify the meaning / definition of the contents of the Global TFI field

6.2. Changes to RLC/MAC procedures [44.160]

The main essential modifications to RLC/MAC procedures are listed here; this list may still be incomplete.

· 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

· Modify MS scheduling and network controlled scheduling mechanisms

· New procedures 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

· Creation of some new PACCH messages (TBF Assignment / Reconfigure)

6.2.1. Possible modifications (FFS)

· Improved TFI management due to higher risk of TFI depletion

· Improve existing allocation procedures (Working assumption – no changes required)
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� That means that R5 mobiles do not need to indicate multiple TBF capability; it is understood from the release marker that multiple TBFs are supported by all R5 mobiles


� See working assumption on “Multiple TBF capability


� After cell reselection, for example, also for applications that have more than one data flow like multimedia apps


� This means that there will be no conflict with pre-R5 MSs reading these messages on a PAGCH. Therefore there is no specific need for backward compatibility in the message format.
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