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Changes to RLC/MAC control messages

This paper summarises the modifications to RLC/MAC control messages that are necessary to support multiple TBFs.  CRs will need to be prepared for each message involved in the establishment and release of TBFs.  This paper will serve as an index for the complete set of CRs.

The control messages addressed in this paper are:

Resource Request

· PACKET CHANNEL REQUEST 

(PCR)

· PACKET RESOURCE REQUEST 

(PRR)

Resource Request Accept/Reject

· PACKET ACCESS REJECT 

(PAR)

· PACKET QUEUING NOTIFICATION 
(PQN)

Resource Allocation

· PACKET DOWNLINK ASSIGNMENT 
(PDA)

· PACKET UPLINK ASSIGNMENT 

(PUA)

· PACKET TIMESLOT RECONFIGURE 
(PTR)

Resource Release

· PACKET TBF RELEASE


(PTRel)

Miscellaneous

· PACKET MOBILE TBF STATUS

(PMTS)

· PACKET CONTROL ACK/NACK

(PCA/N)

1. Resource Request

It has been identified in [1] that it would be useful to set-up multiple TBFs in one message exchange (i.e. one-phase access or ARI access) in order to minimise signalling overhead and delay.  This cannot be applied to a one-phase access, as there is not enough room in the PACKET CHANNEL REQUEST message to identify multiple TBFs.  ARI is still FFS.

However, setting up multiple TBFs in one transaction can be applied to two-phase access and additional TBF set-ups using other PACCH control messages.  

1.1. PACKET CHANNEL REQUEST (PCR – uplink msg)

	No changes required


If multiple TBFs are to be set up simultaneously, a cause of two-phase access shall be used.  It is FFS whether an Iu-mode mobile will be able to identify itself in this message, this is handled in separate contributions.

1.2. PACKET RESOURCE REQUEST (PRR – uplink msg)

	Changes required to the following IEs (all tbc)

	Global TFI

	Channel Request Description

	MS Radio Access Capability 


The maximum number of TBFs allowed in one PRR message must be calculated such that the message fits into one Radio Block.

The existing PRR message uses a Channel Request Description IE.  This could be changed to allow for a variable length list of Channel Request Description IEs. This IE will need to be modified, for instance the LLC_PDU_TYPE will no longer be required, but is given as an indication of the amount of data required to specify a given TBF request.

If the optional MS Radio Capabilities IE is present in the PRR message then there would be no room for any extra IEs.  This IE is sent only during two-phase access and contains fields such as multislot capability, radio access technology capability, 8PSK power capability.  It is FFS whether multiple TBF capability should be included in this IE (as defined in 24.008).

In this case a second PRR message can be sent by the MS after establishing the first TBF or a Packet Downlink Ack/Nack can be used to set-up up to a given number of extra TBFs (4 or 8 might be appropriate).

2. Resource Request Accept/Reject

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

· Accept the request and allocate resources via a PUA, PDA or PTR message (see section 3)

· Reject the request (currently via a PAR message)

· Queue the request and notify the mobile (currently via a PQN message)

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

2.1. PACKET ACCESS REJECT (PAR – downlink msg)

	New message required to reject all multiple TBFs


The problems with this message are listed below:

1. PACKET ACCESS REJECT can only reject the complete request

Thus when multiple TBFs are being requested there is no way to selectively reject some of the TBF requests.  The simplest approach for multiple TBFs is probably to use this message to reject all TBF requests.  In order to reject a subset of the total number of requests, a reject field in the resource allocation messages (PDA, PUA and PTR) could be used.

2. PACKET ACCESS REJECT can address more than one MS

For this reason the TLLI, the original PCR message or the global TFI is included as an MS identifier.  

· Packet Request Reference – contains original PCR message (i.e. identifies the mobile through the random field)

· Global TFI – identifies the mobile through a valid DL or UL TFI

· TLLI – identifies the mobile uniquely if neither of the above are available

As there is no space to modify the message to include an Iu mode identifier (G-RNTI), it cannot be used in its current form for the case where the Iu mode mobile has requested resources using a PRR and has no existing TFIs to provide a valid global TFI.  In this instance there should be a way of informing the Iu mode mobile that all of the TBF requests have been rejected.  This probably requires a new message (FFS).

2.2. PACKET QUEUING NOTIFICATION (PQN – downlink msg)

	No changes required – but not valid for multiple TBFs


	< Packet Queuing Notification message content > ::=


< PAGE_MODE : bit (2) >


{ 111 < Packet Request Reference : < Packet Request Reference IE > >



{ < TQI : bit (16) >



 < padding bits >



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


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

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


The PACKET QUEUING NOTIFICATION message is sent from the network to the mobile to tell the mobile that the request has been queued and to pass it a unique queuing identifier (TQI).  This message can remain the same for single TBF requests but can be replaced by fields within the PUA or PTR messages identifying the queuing reference for a multiple TBF request (FFS).  

2.3. New message coding

It is proposed that if the complete multiple TBF request is to be rejected, the normal PAR message can be sent.  In addition, it is proposed to create a structure within the resource allocation messages (PDA, PUA and PTR) to enable the network to individually reject, queue or accept each TBF request.  

An example of this generic structure is shown in Table 1.  The idea is to provide a response for each TBF request in the original multiple request 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).  

	< Network response struct > ::=


{
< UPLINK_IND : bit (1) > 



< RB_ID : bit (5) > 



< NEW_TFI : bit (5) > 



{  0 < RESOURCE_ALLOCATION struct >
- probably implemented as in PDA, PUA



   | 10 < Reject struct >
- similar to existing struct (see PAR table)



   | 11 < TQI : bit (16) > } 


} ;


Table 1

Proposed Combined Network TBF set-up response

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

3. Resource Allocation

This section describes the proposed changes to the resource allocation messages (PUA, PDA, PTR) that are used to allocate or re-designate resources to one or more TBFs.  The resource allocation messages need to be able to assign all of the uplink and downlink resources (TBFs) belonging to one MS on one or several timeslots.  Introducing multiple TBFs per mobile means that additional information on TFIs / USFs / RB IDs / timeslots needs to be included in the allocation structures.

In the case of reconfiguring or assigning resources, the MS needs to know:

a) Whether the resource request has been accepted, rejected or queued (see section 2)

b) The TFI of each TBF that is allocated to the MS

c) The RB Id of each TBF in order to either allocate a new TBF, or identify a TBF which has been reassigned a new TFI and TS

d) The timeslots on which each TFI is valid.  This determines how many timeslots the TBF can operate on  (If there are no free TFIs, the TBF cannot use that timeslot.)

e) The full list of timeslots on which to listen (for downlink TBFs)

f) The RLC mode for each TBF (for new downlink TBFs)

g) The USF assigned to each TBF (for uplink TBFs using dynamic allocation)

Working Assumptions

· Assume that the coding scheme is the same for all TBFs belonging to one MS

· Assume that USF granularity is the same for all TBFs belonging to one MS

· Assume that PTR message is used to reassign/allocate uplink AND downlink resources. (If only UL or only DL, the PUA or PDA message can be used)

	TFI value
	RB Id (new or to identify previous TFI)
	Timeslots on which this TFI is valid (either all UL or all DL)

	TFI2 

	RB_ID9
	2,3,4,7

	TFI14 

	RB_ID5
	2,3,4


Table 2: Example format of information required for TBF allocation

3.1. PACKET DOWNLINK ASSIGNMENT (PDA – downlink msg)

	Major changes required


Another issue here is that the standard currently allows the network to overwrite the current allocation in a PACKET DOWNLINK ASSIGNMENT by changing the allocated Timeslots, MAC mode, and TFI.  With multiple TBFs we require a mechanism to be able to change existing allocations and/or add extra allocations/TBFs.

	TFI value
	RB Id
	RLC Mode

	TFI1
	RB_ID7
	Ack

	TFI2
	RB_ID8
	Unack

	TFI3
	RB_ID9
	Unack

	Timeslot bitmap (for all DL TBFs)
	00111100


Table 3: Information required for downlink allocation

3.2. PACKET UPLINK ASSIGNMENT (PUA – downlink msg)

	Major changes required


The PACKET UPLINK ASSIGNMENT message is used to allocate uplink resources.  The main resource allocation is provided in the dynamic or fixed allocation structures (ignoring single block allocation).  

3.2.1. Fixed Allocation

For fixed allocation, the bitmap is kept to indicate which blocks are allocated to the mobile.  An additional description is then needed to indicate which of the mobile’s TBFs can operate on each timeslot.  It is then up to the mobile to schedule TBFs when there are multiple TBFs allocated to one timeslot.

	TFI value
	RB Id
	Timeslot bitmap

	TFI1
	RB_ID7
	00111100

	TFI2
	RB_ID8
	00011100

	TFI3
	RB_ID9
	00011000

	+ bitmap (radio blocks/block periods allocated to this mobile)


Table 4: Information required for uplink fixed allocation

If a single allocation is given to a mobile then we only need one ALLOCATION_BITMAP per message which prevents the message length from growing too much.  The TIMESLOT_ALLOCATION field can be repeated to show which TBFs can use which timeslots, then it is the responsibility of the MS to schedule amongst the TBFs sharing a timeslot according to priority and QoS.  This approach is consistent with the scheduling concept described in [Tdoc – Scheduling].  

3.2.2. Dynamic Allocation

For dynamic allocation, the network needs to specify which USFs are available to the MS on each timeslot and also which timeslots each TBF is allowed to use.  The expected additional information is shown in Table 5.

MS USF allocation

	Timeslot
	USF value

	2
	4

	3
	5


	TFI value
	RB Id
	Timeslots on which this TFI may be used

	TFI2 

	RB_ID7
	2, 3, 4

	TFI14 

	RB_ID8
	2, 3


Table 5: Information required for uplink dynamic allocation

As the mobile is able to schedule between TBFs given the same timeslot allocation, it is not necessary to denote USF values for each TBF.  It is proposed that a mobile can have only one USF value per PDCH.  Hence the scheduling needs to be performed by the mobile.  For more information, see [3].

3.3. PACKET TIMESLOT RECONFIGURE (PTR – downlink msg)

	Major changes required


The PACKET TIMESLOT RECONFIGURE message is sent by the network and should be able to reconfigure all TBFs on one timeslot using one message. This message is fairly sensitive to additions, as it is close to the limit of 2 radio blocks already.

In the multiple TBF case, there is a need to distinguish between a new allocation and a reassignment of old resources for each TBF addressed in the message.  It is proposed that this be achieved by including the RB_ID field with each TFI.  If this RB Id was not previously mapped to a TBF, then the allocation is a brand new one; if it was, it tells the mobile which current TBF to modify.

For the allocation descriptions, the same constructions can be used as in the PUA and PDA messages.  

4. Resource Release

4.1. PACKET TBF RELEASE

	New message required if no modification possible


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 (e.g. PACKET MULTIPLE TBF RELEASE).  

The existing message is shown below.

	< Packet TBF Release message content > ::=


< PAGE_MODE : bit (2) >


{
0 < GLOBAL_TFI : Global TFI IE >



{
< UPLINK_RELEASE : bit (1) >




< DOWNLINK_RELEASE : bit (1) >




< TBF_RELEASE_CAUSE : bit (4) = { 0000 | 0010 } >




< padding bits >




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



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


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


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 TBFs (up to a maximum number of 8 in total) be introduced into the existing message or a new message.  A possible structure for part of this message is shown in Figure 1 below.  

A variable length list of up to 8 TFIs each containing a direction indicator (uplink = 1, downlink = 0) is 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.  

	< Multiple Packet TBF Release message content > ::=


{ 0 | 1 {< UPLINK_IND : bit (1) > < TFI1 : bit (5) > }


  0 | 1 {< UPLINK_IND : bit (1) > < TFI2 : bit (5) > }


  0 | 1 {< UPLINK_IND : bit (1) > < TFI3 : bit (5) > }


  0 | 1 {< UPLINK_IND : bit (1) > < TFI4 : bit (5) > }


  0 | 1 {< UPLINK_IND : bit (1) > < TFI5 : bit (5) > }


  0 | 1 {< UPLINK_IND : bit (1) > < TFI6 : bit (5) > }


  0 | 1 {< UPLINK_IND : bit (1) > < TFI7 : bit (5) > }


  0 | 1 {< UPLINK_IND : bit (1) > < TFI8 : bit (5) > } }


< TBF_RELEASE_CAUSE : bit (4) = { 0000 | 0010 } >




Figure 1
Possible new Multiple TBF Release Message

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

5. Miscellaneous Messages

5.1. PACKET MOBILE TBF STATUS

	Modification required depending on PACCH handling concept


This message currently identifies an error situation detected 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 PDCH on which the TBF is operating.  Any changes to the PACCH (i.e. moving it to another PDCH) would affect this message.

5.2. PACKET CONTROL ACK/NACK

FFS

6. Conclusion

All of the messages in this paper require modification to support multiple TBFs, with the exception of the PACKET CHANNEL REQUEST message.

	PACKET CHANNEL REQUEST 
	No changes required

	PACKET RESOURCE REQUEST 

	Changes required to the following IEs (all tbc)

Global TFI, Channel Request Description, MS Radio Access Capability

	PACKET ACCESS REJECT 


	New message required to reject all multiple TBFs

	PACKET QUEUING NOTIFICATION 
	No changes required – but not valid for multiple TBFs

	PACKET DOWNLINK ASSIGNMENT 
	Major changes required

	PACKET UPLINK ASSIGNMENT 

	Major changes required

	PACKET TIMESLOT RECONFIGURE
	Major changes required

	PACKET TBF RELEASE
	New message required if no modification possible

	PACKET MOBILE TBF STATUS
	Modification required depending on PACCH handling concept

	PACKET CONTROL ACK/NACK
	FFS


It is proposed that CRs be drafted for each of these messages, together with a separate editorial CR describing the new procedures for the text of 44.060 [2].
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