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DTM Handover Failure Case and Delay Analysis – the Source BSS's Viewpoint
1. Introduction

The core concepts for the DTM Handover procedure are now widely agreed, particularly for the successful case: the general principle is that, in order to ensure that information thoughout the network is consistent, the source BSS must receive acknowledgements from both domains before it proceeds with sending the DTM Handover Command message to the mobile.  If the source BSS receives inconsistent information (including the case where, at the expiry of its timer, it has not received a message from one or both domains), then the handover is cancelled. If the handover is still required, a new (CS, PS or DTM) handover must be initiated.
A previous analysis [1.] of the many possible failure cases has taken a global view of the network.  In this paper, we focus on the viewpoint of the source BSS.
We examine the impact of the current approach on the handover delay (i.e. the time from the source BSS initiating the handover to the mobile re-tuning in the new cell) in different failure cases.  We also examine the delay due specifically to the sending of the (RR) DTM HANDOVER COMMAND message on the air interface in light of the requirement specified in [2.] that “DTM handover should not introduce any significant additional interruption of the CS service vs. CS-only handover”.
We highlight some issues with the existing approach, and pose the question of whether the source BSS should be allowed to proceed with a partial (CS-only) handover in some cases even though it does not have complete or consistent information from the PS and CS core networks.  In GERAN2#26bis, this was discussed, but no feasible solution was found.
2. Handover Scenarios

From the viewpoint of the source BSS, the possible success and failure combinations are listed below.
	
	Source BSS receives:
	

	
	… from CS domain
	… from PS domain
	Note
	Resources Allocated
	Timer Expiry

	Successful Cases:

	1
	ACK containing DTM Handover Command
	ACK containing DTM Handover Command
	
	
	

	2
	ACK containing RR Handover Command
	NACK (not indicating SGSN failure cause)
	(Note 1)
	
	

	Failure Cases:

	3
	NACK
	NACK
	No resources allocated in target cell
	
	

	4
	Nothing
	Nothing
	Failure/Delay in both CNs 
	?
	X

	5
	ACK containing DTM Handover Command
	NACK (SGSN Failure)
	Failure/Delay in the PS CN 
	X
	

	6
	ACK containing DTM Handover Command
	Nothing
	Failure/Delay in the PS CN (Note 2)
	X
	X

	7
	ACK containing RR Handover Command
	Nothing
	Failure/Delay in the PS CN (Note 2)
	X
	X

	8
	Nothing
	ACK
	Failure/Delay in the CS CN
	X
	X

	9
	NACK
	ACK
	Inter-MSC failure
	X
	

	10
	Nothing
	NACK (SGSN Failure)
	
	X
	?

	11
	Nothing
	NACK (not SGSN Failure)
	
	
	

	12
	NACK
	Nothing
	
	
	


Table 1 - Success and Failure Cases
Note 1: This case is discussed in detail below.

Note 2: Since the BSS is not expected to examine the contents (it can distinguish cases 2,3 based on cause value) it cannot distinguish cases 5 & 6.
Dealing with each case in turn (but not necessarily in order!):

Case 1: Successful DTM Handover
Obviously in this case there are no issues with delay: CS and PS resources have been reserved, and both core networks have consistent information.

Case 3: Negative acknowledgement in both domains
No resources have been allocated, and the source BSS can immediately proceed with re-initiating the handover. 

Case 4: No message received
If, when the timer expires, no messages have been received, the source BSS (obviously) cannot proceed with the handover, but may re-initiate the handover.

The timer should obviously be set long enough that an otherwise successful handover is not prevented by the timer expiring before either CS or PS messages are received.

Case 8: ACK received in PS domain only

This implies that resources have been reserved in both CS and PS domains (since the target BSS can only 'ACK' in the PS domain if CS resources are allocated) but, due to a failure or excessive delay in the CS core network, no message has been received.

If the timer expires and this is the situation, the source BSS must cancel the PS Handover (to correct the PS domain core network state), and re-initiate the entire handover.

Case 9: ACK received in PS domain; NACK received in CS domain

This implies a failure in the CS core network (e.g. source MSC timeout) after resources have been reserved.

The source BSS has to cancel the entire handover and re-initiate the handover.
Cases 10,11: NACK received in PS domain

In either case, resources may have been allocated for the CS domain only, so the source BSS must wait until the timer expires or some message is received from the CS core network.
Case 12: NACK received in CS domain

As soon as a NACK is received in the CS domain, the source BSS can determine that the handover cannot proceed.
Cases 2, 5: ACK received in CS domain, NACK received in PS domain
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Figure 1 - SGSN Failure with PS resources allocated
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Figure 2 - SGSN Failure with no PS resources allocated
It was intended that the source BSS can distinguish between the case where the CS-only handover can proceed and that where the handover must be cancelled by using the cause value indicated in the PS domain NACK: if the cause indicates SGSN failure, this implies that the failure occurred in the reverse direction (i.e. after resources had been allocated), and in this case, the CS domain acknowledgement would contain a DTM Handover Command; if the PS NACK does not indicate SGSN failure (but has a failure cause generated by the target BSS), then the CS message will contain an Handover Command message, which can be sent to the mobile.
While a failure cause generated by the target BSS does indicate that no PS resources were allocated, a failure cause generated by the SGSN is not conclusive indication that no PS resources were allocated and therefore that the CS message contains a RR Handover Command message: for example, the (source) SGSN timer expires when it does not receive a corresponding reply to a Forward Relocation Request message – whether the failure occurred before or after the resource allocation procedure cannot be determined.  Two such (indistinguishable) cases are shown in Figure 1 and Figure 2 respectively.
Note that in the case of SGSN failures, depending on the timer values, this may arrive after the source BSS timer has expired: case 5 would then appear as case 6.

Cases 6, 7: ACK received in CS domain, nothing received in PS domain
The motivation for the use of the failure cause in the PS NACK message to distinguish cases 2 and 5 was so that the source BSS did not have to examine the contents of the L3 Information IE to determine whether it was a DTM Handover Command or a (CS-only) Handover Command message.
If the source BSS does not examine the contents of the L3 Information IE, then the source BSS cannot distinguish between cases 6 and 7, where no message has been received from the PS domain when the timer expires.

In any case, since the (CS) Handover Command (an RR message) and DTM Handover Command (RLC/MAC) message use different headers, it is not clear that the source BSS would be able to distinguish between them.

Key Issues
To summarize, the key issues highlighted above are:

· The cause field in a PS NACK does not conclusively indicate whether or not resources have been allocated

· The source BSS is required to examine the L3 Information IE to distinguish an RR Handover Command from a RR DTM Handover Command.  This is likely to be complicated (if it is actually possible); it was noted at GERAN2#26bis that this should not be required.
3. Timer Settings for Source BSS Timer
The setting of the duration of the timer at the source BSS will require careful tuning in order to minimize the time taken before a failure case is recognized as such, and yet also to allow successful handovers to proceed.

Setting of timer at source BSS must:

· Be long enough for worst case PS/CS handover (inter-MSC, inter-SGSN)
· Allow additional time for PS-CS resource allocation coordination at the target BSS.

Therefore, the timer will be no shorter (but probably longer) than the current corresponding timer for the CS-only handover case.

However, a long timer means that there is a long delay before the handover can be re-initiated in certain failure cases.  Shortening the timer (e.g. to match the current CS-only timer) is not possible, because for the handover to proceed, messages must be received from both CS and PS domains; if one message is not received before the timer expires (even if it is a positive acknowledgement that the handover can continue), then the handover must be aborted.

Apart from the delay incurred by the handover itself, there is a further disadvantage of having a long timer if resources have been reserved in the target cell, such as in failure cases 6,7, and 8.  The longer the timer, the longer these resources are (unnecessarily) reserved and unavailable to other users; in many of the failure cases above, these resources will eventually be released, but only after the source BSS timer expires and appropriate cancellation messages have been sent.
4. Delay in sending DTM Handover message on the air interface
The DTM Handover Command could be quite a large message and the time it takes to transmit it on the air interface might be significant.  If this is the case then it would be worthwhile investigating mechanisms to speed-up the transmission of this message with respect to the complete DTM Handover procedure.  This section analyses the expected delay for sending the message in comparison to that of sending a single segment Handover Command.  

We consider that the DTM Handover Command will be a concatenation of a PS Handover Command and CS Handover Command message.  

For the PS domain, we assume the following:

· 1 UL and 1 DL TBF to be handed over

· VoIP service requiring header compression

· Inter-SGSN handover with XID command

· CCN support is signalled

· EGPRS mode TBFs

· Channel coding and window sizes need to be defined in target cell

Under these assumptions the following table gives the estimated sizes of the relevant parts of the PS Handover Command [3.].  

	Information element
	Presence
	Length bits

	PS HO Command Fixed Fields
	M
	17

	NAS Container (XID Command)
	O
	247

	PS Handover Radio Resource IE – Fixed Fields
	M
	29

	CCN Related Elements
	O
	12

	Frequency Parameters
	M
	18

	Global Packet Timing Advance
	O
	23

	Uplink Control Timeslot
	O
	3

	EGPRS mode structure (1 UL TBF 1 DL TBF)
	O
	94

	
	
	

	TOTAL
	
	443


Table 2 :- Size of PS Handover Command Message

The XID command is calculated as being 30 Octets (240 bits) in size for a VoIP service covering two ROHC profiles (one for RTP VoIP and one for RTCP and SIP) as calculated in [3.].  

As far as the CS Handover Command is concerned, we consider a single CS timeslot resource and therefore the following message size calculation is probably optimistic.  

Assume the following:

· No synchronisation of cells

· Only one CS channel is described in the CS domain

· Frequency hopping is used => Frequency shortlist included

· No starting time

· Cipher mode setting is required

· No dynamic ARFCN

· CS channel is not AMR speech (as the PS Channel is assumed to carry a VoIP connection)

Under these assumptions, the size of the CS Handover Command is 22 octets composed of the following fields:

	Information element
	Type / Reference
	Presence
	Format
	Length
Octets

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

	Skip Indicator
	Skip Indicator
10.3.1
	M
	V
	1/2

	Handover Command Message Type
	Message Type
10.4
	M
	V
	1

	Cell Description
	Cell description
10.5.2.2
	M
	V
	2

	Description of the first channel, after time
	Channel Description 2
10.5.2.5a
	M
	V
	3

	Handover Reference
	Handover Reference
10.5.2.15
	M
	V
	1

	Power Command and Access type
	Power Command and Access type
10.5.2.28a
	M
	V
	1

	Frequency Short List, after time
	Frequency Short List
10.5.2.14
	C
	TV
	10

	Mode of the First Channel(Channel Set 1))
	Channel Mode
10.5.2.6
	O
	TV
	2

	Cipher Mode Setting
	Cipher Mode Setting
10.5.2.9
	O
	TV
	1

	TOTAL
	
	
	
	22


Table 3 :- Size of CS Handover Command Message

Thus the DTM Handover Command will be 443 + 172 = 615 bits (76.875 octets) in length.  As this message will be transferred using extended RLC/MAC segmentation which has a payload capacity of 19 octets per RLC/MAC block, this is equivalent to 4.05 RLC/MAC blocks which would be rounded up to 5 RLC/MAC blocks.  

If the XID Command is not required, the size of the DTM Handover Command becomes 368 bits (46 Octets) which requires 3 RLC/MAC blocks.  

To evaluate the delay in sending this message, some assumptions must be made regarding the mechanisms used to send RLC/MAC control blocks.  The use of extended RLC/MAC segmentation as for PS Handover is assumed.  The following assumptions are also made:

· The reaction time of the mobile is the minimum allowed in table 10.4.5.1 of 44.060 of 13 TDMA frames = 60 ms.  

· RRBP is sent in the second to last segment of the control message allowing all segments to be reported in the bit map of the PACKET CONTROL ACK.  

· Segments of the RLC/MAC control message are sent back-to-back in the DL. 

· The MS->PCU->MS RTT is 120ms which is needed for the retransmission of a missing segment.  

The figure below shows the total delay (in excess to that experienced when sending a single segment CS Handover Command) involved if one of the segments of the DTM Handover message is not received correctly and has to be re-transmitted.  
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Figure 3 :- Total Delay for 5 Segment DTM Handover Command with 1 re-transmission

Based on the above assumptions, the total excess delay before the MS leaves the source cell for a 5 segment DTM Handover message could be up to 260 ms with a re-transmission and 140 ms without a re-transmission.  

For a 3 segment message, the excess delay will be between 100 and 220 ms.
5. Comparison with CS-only Handover

While it has been acknowledged that a DTM Handover cannot be completed as fast as a CS handover, it is nonetheless beneficial to present a brief comparison, with regards to delay issues.

Two important differences that have arisen between CS-only and DTM handover are as follows:

· DTM Handover requires longer to send on the air interface (larger message)
· Delays for the successful cases will be higher:

· Additional complexity/processing for coordinated resource allocation

· Additional delays in the PS domain must be accounted for (e.g. intra-MSC/inter-SGSN)

· Delays for failure cases will be higher, since the source BSS timer must be longer than the corresponding CS-only timer, meaning that the time before some failure cases are recognized as such is longer

Other differences include:

· DTM Handover may be cancelled even if CS resources are reserved, and details sent back to the source BSS (cases 5,6,7 and possibly 8).
· DTM Handover cannot address multiple cells (requires re-initiation by BSS rather than by MSC)
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Figure 4 - Comparison with CS-only Handover
Some simple examples of cases where the mobile is not able to begin retuning until much later than would be the case for a CS-only handover are shown in the above figure.

Even when the handover is entirely successful, with the PS Acknowledgement arriving together with (or before) the CS acknowledgement, the size of the DTM Handover command and the fact that it may require acknowledgement means that the mobile will start re-tuning much later than in the CS-only case.  The two other figures (cases B and C) consider the cases where the PS handover acknowledgement does not arrive, and where it arrives after the CS acknowledgement.
6. Proposals

It should be investigated whether there is any means to continue with a CS handover even when the source BSS receives inconsistent or incomplete information, which nevertheless indicates that CS resources have been reserved in the target cell.

· This could potentially allow failure cases 5, 6 and 7 to become (partial) success cases

· This could allow the DTM Handover command to be sent before the timer has expired, as soon as a positive acknowledgement is received from the CS domain (either in general, or on a case-by-case basis, e.g. in case of rapidly deteriorating radio conditions), since cases 4 & 5, which may be a subset of the successful cases 1 or 2, can now continue successfully.

This should require minimal processing at the source and target BSSs.

Siemens however agrees with the conclusions reached during discussions at GERAN2#26bis:

· The target BSS should not be required to construct multiple handover commands and include them in the same message

· The source BSS should not be required to construct a (CS) Handover Command, based on the received DTM Handover Command.

The implication of these observations is that it should be possible to send the DTM Handover Command without modification to the mobile, albeit with some additional indication that only the CS part is to be used.
For DTM Handover where only CS resources are allocated by the target BSS, the DTM Handover Command message (describing only CS resources) should be used. This simplifies the procedure at the source BSS: it removes the requirement for the source BSS to examine the contents of the transparent container in order to distinguish between cases 6 & 7 and hence know whether to send a RR HANDOVER COMMAND message or a RR DTM HANDOVER COMMAND message to the mobile.

7. Conclusion
There are many cases where the delay in carrying out a DTM Handover is significantly worse than for a CS-only handover, particularly when the DTM Handover fails and must be re-initiated.  The additional delay may result in the mobile falling out of cell coverage and losing all resources in the network.
Siemens therefore believes that ways to minimize the potential delay to DTM Handover should be investigated.

In particular, it should consider allowing the continuation of a CS-only handover in situations where CS resources are known to have been reserved in the target cell, yet would (according to the current procedures) result in the handover being aborted.
If a solution were agreed which would allow this, then source BSS could proceed with a CS-only handover having received the CS domain ACK without waiting for the PS-domain message.  This would also solve other problems which have been highlighted in this paper (such as the dependence on cause fields to infer resource allocation status, and/or the need to examine the L3 Indication IE).
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