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Fast Sending of the DTM Handover Command
Introduction
Currently, it is stated in 48.008:

In the case of DTM Handover, the old BSS shall not send the radio interface DTM HANDOVER COMMAND message until it has received both a BSSMAP HANDOVER COMMAND message and a PS-HANDOVER-REQUIRED-ACK PDU.

It is proposed that the handover may be made faster by allowing the source BSS to transmit the DTM Handover Command message to the mobile as soon as it has received the BSSMAP Handover Command message.

Obviously, any reduction in the handover delay is beneficial to the performance of the network, as it reduces the probability that a mobile falls out of coverage of the source cell before it has received the DTM Handover Command.

However, it must be clearly analysed what risks (if any) arise from this approach.
Let us first consider the events that must have occurred up to the point at which the source BSS receives the BSSMAP Handover Command message:

1. The handover is initiated by the source BSS

2. Messages requesting the handover are sent from the source BSS (via the CS core network) and arrive at the target BSS

3. Messages requesting the handover are sent from the source BSS (via the PS core network) and arrive at the target BSS

4. The target BSS allocates both CS and PS resources.
5. The DTM Handover Command is sent from the target BSS (via the CS core network) and reaches the source BSS.

It is implicitly assumed that the following event is ongoing:
6. The DTM Handover Command is sent from the target BSS (via the PS core network) and reaches the source BSS.

Potentially, problems may arise if this is not in fact ongoing.  Possible reasons for failure are:

A. Failure of the Gb interface between target BSS and (new) SGSN

B. Cancellation of the handover by the SGSN

C. Failure of the Gn interface between new SGSN and old SGSN

D. Failure of the Gb interface between (old) SGSN and old BSS
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Probability of failure:
It is first important to point out that, given that successful transmissions have only just occurred in the forward (source-to-target) direction, the probability of a failure in any of the links in the reverse (target-to-source) direction  (i.e. failure cases A, C and D above) is extremely low.
Similarly, the probability that an SGSN cancels the handover in the reverse direction (i.e. after resources have been allocated) should be very low.  Although this is an implementation issue and therefore cannot really be estimated, there is no clear reason why the SGSN would cancel the handover at this stage.
Implications of failure:
The implications of each of these failures is as follows:
A. Failure of the Gb interface between target BSS and new SGSN
If the PS Handover-Required-ACK message is not received by the SGSN, there is actually no (immediate) problem. 48.018 states (sub-clause 8a.5):
When resources have been successfully allocated by the target BSS, it shall send a PS-HANDOVER-REQUEST-ACK PDU to the SGSN. From this point in time, the target BSS shall be prepared to receive downlink LLC PDUs for the corresponding MS on the allocated resources. The target BSS shall also be prepared to receive uplink RLC data blocks or a PS Handover Access message upon successful MS access in the target cell (as specified in 3GPP TS 44.060).

Eventually, the SGSN timer will expire and the resources will be deleted:
If there is no response from the target BSS to the PS-HANDOVER-REQUEST PDU before timer T13 expires, the SGSN shall initiate the Delete BSS PFC procedure for each of the PFCs in the PFCs to be Set-up List IE for the corresponding MS.

The mobile will then be in dedicated mode in the target cell. (Note that this requires that, as implicitly specified, the BSS does not release the dedicated resource).
This failure (of the Gb interface) would affect mobiles currently in DTM in the target cell in exactly the same way.
B. Cancellation of the handover by the SGSN

This case is somewhat harder to analyze as it is an implementation option, and it is not clear why such an option would be taken.

The unilateral decision of the SGSN to cancel the handover is the equivalent of releasing all packet resources for the mobile.  In this case, the mobile would then be in dedicated mode, in exactly the same position as if the SGSN had prevented the mobile from establishing PS resources following a successful legacy (Release-6) DTM Handover.
The mobile is not explicitly informed that it is in dedicated mode, but will implicitly release TBFs when the corresponding GPRS timers expire.  (One could argue that if the mobile was explicitly informed of the change of status, then it could request the packet resources; however, it is not clear that the SGSN, having refused the handover for whatever reason, would then accept a request to establish the same resources almost immediately.)
C. Failure of the Forward Relocation Response message
As the Gn interface is acknowledged, the old SGSN will retransmit the Forward Relocation Request message if it does not receive a response before T3-RESPONSE (see 29.060) expires.  This gives multiple opportunities for the Forward Relocation Response message to be correctly received.  Total failure of the Gn interface would, however, not cause any problems in the target BSS.

D. Failure of the Gb interface between old SGSN and old BSS
This failure would not have any effect on the handover, and the mobile, moving to the target cell would find the PS and CS resources available, as described in the DTM Handover Command, and there is no reason why the handover should not proceed.  In fact, in this case, the current specification is over-cautious, as the handover would not be allowed to proceed according to the current specification.
Conclusion

In this paper we have considered the implications of allowing the DTM Handover Command to be sent before the receipt of the PS domain acknowledgement by the source BSS.  The assumption is that the source BSS will imminently receive the PS domain acknowledgement.

We have looked at the four possible reasons why this might not be the case, and found that

i. In cases C and D above there is no negative impact on the success of the handover (in fact, this proposal would allow the handover to proceed, where the existing specification would not permit it).

ii. In the other cases, the end result would be no worse than if the corresponding failure occurred to a mobile already in DTM and/or the end result would be no worse than if a legacy DTM handover had been attempted.

iii. The probability of any of these cases occurring is very small indeed.  In particular, those cases which involve the failure of an interface (A, C and D) are especially unlikely, given that successful communication has just occurred in the opposite (forward) direction. 
In light of these conclusions it is considered that the disadvantages of allowing the DTM Handover Command to be sent prior to reciept of the PS HANDOVER REQUIRED ACK message are outweighed by the advantages, and that GERAN should therefore accept the proposal.
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