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Enhancing DTM for Circuit Switched Resource Setup
1. Introduction

This document investigates the issues and suggests a solution for enhancing the DTM procedure for CS call establishment during a PS Session.  The performance of current procedures analysed in [2] has shown an unacceptable level PS service interruption time in the region of 1.5 to 2.5 seconds.  
The solution proposed in this paper is based on the concept of introducing DTM messages (DTM Request and DTM Assignment) onto a packet signalling channel as identified in [1].  The issues associated with this approach are analysed and potential solutions are proposed.  
2. CS Call Setup during PS Session
The current procedure for a CS call set-up during a PS session for a DTM capable mobile is shown in Figure 1.  The procedure shows how the PS session is first aborted, the CS connection is established and then the DTM Request procedure is used to re-establish the PS session.  
The PS service interruption gap is highlighted in the diagram for information purposes.  More detailed performance estimates can be found in [2].  It is assumed that there is no requirement to provide these improvements to half rate packet channels using exclusive allocation as the PS services that would gain most benefit (e.g. video streaming) have higher bandwidth requirements.  
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Figure 1
Rel-5 Procedure for CS Call Establishment During a PS Session

3. Proposed Solution

An alternative procedure originally proposed in [1] is shown in Figure 2 below which considers the case of a Mobile Terminated and Mobile Originated CS call.  For the Mobile Originated CS call there is no Packet Paging Request, the mobile simply sends a DTM Request on the appropriate signalling channel.  
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Figure 2
Successful establishment of a CS connection
while in packet transfer mode without interruption of the packet session

In this solution the PS session is not dropped and the DTM message exchange takes place over PACCH (or another packet signalling channel such as the one being discussed for PS Handover support) on the PS resources.  Once the MS has received the DTM Assignment Command it will access the new resources, establish a Main DCCH and send the Assignment Complete message to the BSS over the main DCCH.  
It is assumed that the CS resources allocated will be a TCH (early TCH assignment) as the combination of PDTCH + SDCCH is currently not supported as a valid DTM channel combination.  

In order to reduce the complexity of handling many different cases of outstanding RLC/MAC control signalling, it is suggested that once the DTM Request has been sent, the mobile does not send any new RLC/MAC control messages.  Acknowledgments for RLC AM data transfer and control acks sent as a response to polling via the RRBP field should be sent during this period in order to keep the data flowing.  In a similar manner, the network should abort any ongoing RLC/MAC control transactions upon reception of the DTM Request.  However, further study is required as to how this should work in detail.  
As the DTM Request message on the packet signalling channel is used for both Mobile Originated (MO) and Mobile Terminated (MT) CS calls, the network must be able to distinguish between a response to a Packet Paging Request (MT) and a separate MO request.  It is suggested that a new field is included in the DTM Request message (over the packet signalling channel) for this purpose.  The network could simply respond to the first DTM Request that it receives (MO or MT) in order to resolve conflict.  
The issues that are seen as requiring further investigation are addressed in the following sections.  
4. Issues associated with Solution

The proposed solution brings to light a number of issues that are further addressed in the following sections.  

4.1. Resource re-assignment issues

When the network sends the DTM Assignment message it may be possible that the CS resources can be placed on an adjacent TS (or TSs) to the existing PS Resources.  In this case it should be possible for the DTM mobile to maintain its PS session (including multiple TBFs) without any interruption at all.  

Therefore it must be possible for the DTM Assignment message to explicitly (or implicitly) indicate that the PS resources can be maintained as they are.  One option to signal this implicitly is to simply miss out the Packet Uplink and Packet Downlink Assignment fields in the DTM Assignment message.  Another option is to include an explicit field in the DTM Assignment message indicating that the PS Resources can remain unchanged.  
Another issue relating to faster establishment of the CS call is that the maximum number of LAPDm frames (MAX_LAPDm) that a layer 3 message can be segmented into should be conveyed to the MS before it establishes an RR signalling channel.  This can be achieved by sending the DTM Information message on the packet signalling channel as shown in Figure 3 or could be included in the DTM Assignment Command which is the preferred option.  

If it is not possible to maintain the PS resources as they are (if there is no free adjacent TS for the CS resources) then the issue how best to re-establish multiple TBF resources must be addressed.  It is proposed that the same signalling as accepted for Rel6 DTM and multiple TBFs is used.  This is highlighted in Figure 3.  The enhanced procedure can work without the need for multiple TBF support as the DTM Assignment can assign one DL and one UL TBF.  
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Figure 3
MTBF Establishment after DTM Request

In the DTM Assignment command the network includes an indication that it is capable of supporting Multiple TBFs.  However, if there was previously a PS Session supporting multiple TBFs then the BSS has the MS RAC information available and knows that the MS supports multiple TBFs.  The network can therefore send a MTBF DL Assignment on PACCH after it has received the Assignment complete message on the Main DCCH.  The network knows that the mobile has successfully received the DTM Assignment message at this time and can be sure that the MS is listening to the assigned packet channels.  
If there are uplink TBFs to be re-established then the mobile can send a Packet Resource Request (PRR) containing a multiple TBF Request.  The network may then respond with a MTBF Uplink Assignment on PACCH.  It is also possible that the network receives the PRR with a multiple TBF Request before it has sent the multiple TBF DL Assignment.  In this case it may combine the two and send a Multiple TBF Timeslot Reconfigure message.  
Although it would be possible to assign all of the multiple uplink and downlink TBFs within a modified DTM Assignment Command message, this is not considered to be the best option as it would increase the size of the already large DTM Assignment Command and add in extra complexity.  It is felt that by maintaining the same scheme as exists for DTM and multiple TBFs, the extra complexity is minimised at the expense of a small delay in re-establishing TBFs.  This trade-off is considered beneficial especially when considering that the DTM Assignment Command is already capable of establishing one uplink and one downlink TBF straight away.  
4.2. Signalling Messages and Channels
When considering the use of DTM messages on a packet signalling channel several issues must be addressed.  The first issue is which messages are required on this channel to provide the DTM capability.  The following messages have been identified so far:

· DTM Request (to request the CS channel setup and continuation of the existing packet session).  

· DTM Assignment (for the network to assign CS resources and possibly different PS resources to the mobile).  

· DTM Reject (for the network to reject the DTM request due to reasons such as lack of radio resources)
· DTM Assignment Failure (for the mobile to notify the network that the assignment has failed in some way).  

The next issue is that of which channel should be used to support these messages.  The obvious signalling channel to use is that of PACCH.  However, the DTM Assignment message may be quite large (see section 0) and could be in excess of 2 radio blocks.  For this reason it is suggested that the same extended RLC/MAC control signalling mechanism that will be adopted for PS Handover signalling in Rel6 be used for these messages.  This mechanism will support segmentation and possibly selective acknowledgement and retransmission and is therefore suitable for such large messages.  
It would however link the support of enhanced DTM mechanisms with the support of the extended RLC/MAC signalling channel in the mobile and the network.  
4.3. Legacy Issues

Interworking with legacy mobiles (pre-Rel6 DTM mobiles) must be considered.  The question of how the mobile knows that the network supports DTM messages over the packet signalling channel must be answered.  

The above is analogous to the MTBF issue where the network tells the mobile about the MTBF capability in the GPRS Cell Options element in the DTM Assignment.  This is too late for our case as the mobile must know the network capability before it attempts to send the DTM Request.  
Options for informing the mobile of the network capability include:

· PSI/SI notably GPRS Cell Options

· Every time a TBF is established => waste of bandwidth

· In paging message (not so much space available)
These 3 options are evaluated below:

4.3.1. PSI/SI notably GPRS Cell Options:
This option would provide an MS that is in packet transfer mode with the network’s DTM capabilities.  The MS would be required to read the relevant system information prior to making a CS call.  

4.3.2. Every time a TBF is established 
The indication would have to be provided in both uplink and downlink assignments in order to ensure that the MS always has this information when in packet transfer mode.  If the field is provided in all assignments then this would be considered a waste of bandwidth.  

4.3.3. In paging message 
This is only useful for the case where the MS receives an incoming CS call.  

Conclusion: The network should provide an indication in the system information that it supports the enhanced DTM feature. 

4.4. Mobility Issues

No mobility issues have been identified so far.  
5. Conclusion

This paper has introduced the outline of a proposed solution for DTM performance issues discussed in [2] with respect to the CS call establishment during an ongoing PS session.  
It is proposed that a packet signalling channel that is capable of supporting signalling messages greater than two blocks in length is required and that therefore the signalling channel adopted for the PS Handover radio interface should be used for the DTM messages identified in this discussion paper.  

The essential parts of the proposed solution are:

· Existing DTM control messages (DTM Request, DTM Assignment, DTM Assignment Failure, DTM Reject) should be defined as new messages on a packet signalling channel.  

· The extended RLC/MAC signalling channel to be standardised for PS Handover should be used to carry these messages.  

· The network should provide an indication in the system information that it supports the enhanced DTM feature.  

· After the MS has sent a DTM Request on the packet signalling channel, it should not start any new RLC/MAC assignments/requests until a response is received.  Similarly, the network should not start any new RLC/MAC assignments/requests after receiving a DTM Request.  

· A mechanism should be provided to allow assignment of CS resources (via the DTM Assignment message) on adjacent TS(s) to existing PS resources (where possible) without disturbing the existing PS session.  

· Where PS resources must be changed due to resource allocation issues for the new CS channel, the existing Rel6 two stage multiple TBF establishment procedure should be adopted.  This means that a maximum of a single UL and DL TBF be established in the DTM assignment, followed by multiple TBF assignments on PACCH.  

This discussion paper presents some early ideas on how improvements can be made to the DTM CS call establishment procedure with an ongoing PS sessions.  Several issues have been discussed and some tentative proposals made.  
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A. Appendix – Potential DTM Packet Signalling Messages
This section highlights some initial ideas on how the existing DTM messages can be altered to be used on a packet signalling channel.  It is not meant to be a definitive proposal but gives an initial indication of the changes that might be required.  

Suggested additional fields are highlighted in green and fields that are not required are highlighted in yellow.  These messages are based on the definitions of the DTM messages in 44.018.  
A.1. DTM Assignment on Packet Signalling Channel

Global TFI is needed to address the mobile on a shared packet signalling channel rather than the TLLI.  The MAX_LAPDm parameter informs the mobile of the maximum number of LAPDm frames that a layer 3 message can be segmented into.  
	IEI
	Information element
	Type / Reference
	Presence
	Format
	Length

	
	RR management Protocol Discriminator
	Protocol Discriminator
10.2
	M
	V
	1/2

	
	Skip Indicator
	Skip Indicator
10.3.1
	M
	V
	1/2

	
	DTM Assignment Command Message Type
	Message Type
10.4
	M
	V
	1

	
	CS Power Command
	Power Command
10.5.2.28
	M
	V
	1

	
	Description of the CS Channel
	Channel Description
10.5.2.5
	M
	V
	3

	
	
	GPRS broadcast information
10.5.2.14d
	M
	LV
	7 - n

	10
	Cell Channel Description
	Cell Channel Description
10.5.2.1b
	O
	TV
	17

	11
	Channel mode
	Channel mode
10.5.2.6
	O
	TV
	2

	12
	Frequency List
	Frequency List
10.5.2.13
	C
	TLV
	4 - 132

	13
	Mobile Allocation
	Mobile Allocation
10.5.2.21
	C
	TLV
	3 - 10

	14
	
	Starting time
10.5.2.38
	O
	TV
	3

	15
	
	RR Packet Uplink Assignment
10.5.2.25c
	O
	TLV
	3 - n

	16
	
	RR Packet Downlink Assignment
10.5.2.25d
	O
	TLV
	3 - n

	
	Global TFI
	
	O
	
	

	
	MAX_LAPDm
	
	M
	
	


A.2. DTM Request on Packet Signalling Channel

Global TFI is needed to address the mobile on a shared packet signalling channel rather than the TLLI.  The MO/MT field is needed so that the network can discriminate between a response to a Packet Paging Request and a Mobile Originated CS Call.  
	IEI
	Information element
	Type / Reference
	Presence
	Format
	length

	
	RR management Protocol Discriminator
	Protocol Discriminator
10.2
	M
	V
	1/2

	
	Skip Indicator
	Skip Indicator
10.3.1
	M
	V
	1/2

	
	DTM Request Message Type
	Message Type
10.4
	M
	V
	1

	
	TLLI
	TLLI
10.5.2.41a
	M
	V
	4

	
	Channel Request Description
	Channel Request Description 2
10.5.2.8b
	M
	LV
	5 - n

	
	Global TFI
	
	
	
	

	
	Mobile Originated/Mobile Terminated
	
	
	
	


A.3. DTM Reject on Packet Signalling Channel

Global TFI is needed to address the mobile on a shared packet signalling channel rather than the TLLI.  

	IEI
	Information element
	Type / Reference
	Presence
	Format
	Length

	
	RR management Protocol Discriminator
	Protocol Discriminator
10.2
	M
	V
	1/2

	
	Skip Indicator
	Skip Indicator
10.3.1
	M
	V
	1/2

	
	DTM Reject Message Type
	Message Type
10.4
	M
	V
	1

	
	DTM wait indication
	Wait indication
10.5.2.43
	M
	V
	1

	
	Global_TFI
	
	
	
	


A.4. DTM Assignment Failure on Packet Signalling Channel

Global TFI is needed to address the mobile on a shared packet signalling channel rather than the TLLI.  

	IEI
	Information element
	Type / Reference
	Presence
	Format
	Length

	
	RR management Protocol Discriminator
	Protocol Discriminator
10.2
	M
	V
	1/2

	
	Skip Indicator
	Skip Indicator
10.3.1
	M
	V
	1/2

	
	DTM Assignment Failure Message Type
	Message Type
10.4
	M
	V
	1

	
	RR cause
	RR Cause
10.5.2.31
	M
	V
	1

	
	Global_TFI
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