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1. Introduction
Most of the Technical Specifications for AoIP are stable and frozen in Rel-8. But TS 23.009 was so far not fully addressed and recently Ericsson detected a potential problem for Interworking between BSS and MSC in case of the newly introduced "BSS Internal Handover with MSC Support", sometimes also called "Internal Handover Execution for AoIP" or here in short "AoIP-IHO".

This document presents and discusses the problem. Then it compares the proposed solutions finally suggesting a simple, backward compatible solution, which is formulated in detail in CR TS 23.009-0129-rev4.
2. Discussion

While a mobile call is setup and ongoing and the User Plane is connected through AoIP, it will happen that the mobile is moving on within the radio environment and an Intra-BSS handover might become necessary. It is expected that most of these handovers will be handled autonomously by the BSS, and the MSC is just informed after the handover was successfully performed. Examples of such handovers are Inter-cell handovers with identical Codec Types and Configurations before and after the handover, or Intra-Cell handovers for cell-repacking with compatible Codec Types and Configurations, e.g. handovers between FR_AMR(set1) and HR_AMR(set1).

There may be need for handover with incompatible parameters before and after the handover, such that the AoIP-interface must be modified. One of such case is for example the handover from the GSM_EFR to GSM_HR Codec on the radio interface in order to gain radio network capacity in case of high load. If compressed speech is transported on AoIP the MGW must be informed beforehand and an AoIP-IHO must be executed.

Up to Rel-8, i.e. before AoIP was introduced, the BSS had transcoder resources and could handle also such incompatible handovers autonomously and very fast as the transcoder resources were within and under BSS control. The radio network performance was and is to a large extent depending on the implementation and how quickly such handovers can be handled by the BSS. With AoIP the BSS must, however, rely on an appropriate fast and efficient support by the Core Network. Since BSS and Core Network may be from different vendors an open standard is necessary to regulate this interworking to ensure high radio network performance.

The new AoIP-IHO creates new work load for the MSC. If the BSS would require too many or too "confused" AoIP-IHOs, then the MSC performance could go down as well. Again an open standard is necessary to regulate this Interworking to protect the Core Network.

3. Issues with current Rel-8 Specifications

In order to prevent too rapid repetitions of the "A-Internal Handover Required" message from the BSS, GERAN specifications define a timer T25, which requires the BSS to not perform any subsequent Handover Required, until this timer expires. If the MSC does not respond with an A-Internal Handover Command or A-Internal Handover Reject message before T25 expires, then the BSS will abandon the AoIP-IHO preparation phase and may then initiate a new handover preparation. The BSSAP specification (TS 48.008) suggests that no response is expected from the MSC after this time (T25 expired). Therefore the MSC should know that after a period of time defined by T25 it should not bother/dare to send a response.
The first problem with the current specification is that the MSC does not know how long is 'too long' for the BSS and therefore may take too long to respond to A-Internal Internal Handover Required, may continue to reserve resources and finally may reply to the BSS, but the BSS has then already abandoned the handover preparation. This is depicted in figure 1.
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Figure 1: T25 handling in BSS when MSC responds too late

This problem may be further compounded by the fact that the BSS may trigger a subsequent Internal Handover which crosses with the late response from the MSC.  The request may have different channel data and therefore the 'assumed' response to the second A-Internal Handover Required will be erroneous. This is depicted in Figure 2.
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Figure 2: T25 handling in BSS when BSS initiates second IHO request 

4. Proposed Solutions

4.1 Timer Control in MSC (Ericsson Proposal)
This solution defines a new timer in MSC, T105, which is configured by O&M in correlation to T25. It is proposed to be specified in TS 23.009 as follows:

T105:
this timer supervises the Internal Handover Preparation procedure between BSS and serving MSC. T105 is set by O&M in relation to timer "T25" (3GPP TS 48.008 [5]). T105 defines the maximum time a serving MSC may take to respond to an "INTERNAL HANDOVER REQUIRED" message. Timer "T25"(3GPP TS 48.008 [5]) defines the minimum time the BSS will to wait before it can send a new or repeated (INTERNAL) HANDOVER REQUIRED message or an A-HANDOVER FAILURE. T105 shall be configured to be at least one round trip delay shorter than the time configured for "T25" (3GPP TS 48.008 [5]) to minimise the risk of crossing messages. Example settings for "T25"(3GPP TS 48.008 [5]) and T105 may be [4] seconds and [2.5] seconds, respectively, for a typical round trip delay on the A-Interface Control Plane.

The solution is depicted in Figure 3.
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Figure 3: T25 handling in BSS with MSC Timer T105

This would ensure that the MSC knows how long is "too long" for it to respond and if it cannot respond in that time it should abandon the Internal Handover Preparation, because the BSS will ignore a too late response and thus abandon the handover preparation.
By standardising the timer  T105 in MSC (along with the currently specified T25 in BSS) operators will have full control over their network, regardless of which vendor supplies the MSC or BSS.
Advantages 
-
This solution is simple and requires no protocol changes to already frozen interfaces and GERAN specifications. 

-
CR can be agreed in CT WG meetings without any dependency to GERAN and therefore can be approved at TSG CT#45.

-
No additional signaling proposed for a situation that may have arisen due to high load in the MSC

Disadvantages
-
Timers need to be tuned to ensure late (delayed) messages do not cross (since this is managed by same operator and relationship should be specified in the TS this is not really a problem).
4.2 Preparation Reference Number (Nokia Siemens Networks Proposal)

This proposed solution is based on CR to TS 23.009 #130 in Tdocs C1-093330 and C4-092415 (referred to as CR#130). Since not all of the solution is described here some assumptions have been made by the author of this paper.

In order to correlate the potentially crossed signals depicted in Figure 2, above, CR#130 proposes to add new IEs to BSSAP messages A-Internal Handover Required , A-Internal Handover Command and A-Internal Handover Required Reject to indicate the "preparation reference number". It is not described in the CR#130 exactly what this is but it is assumed to be an integer of sufficient length, stepped by the BSS for each A-Internal Handover Required message sent to the MSC.
The solution does NOT propose that MSC runs a supervision timer (i.e. T105) to correlate its response with the timer T25 in BSS. This means that the BSS will abandon the Internal Handover preparation, if T25 expires, but the MSC will not be aware that this has occurred. The MSC will continue to reserve resources and finally respond to the BSS with A-Internal Handover Command. Since now the returned message has a "preparation reference number" equal to an earlier "abandoned" A-Internal Handover Required the BSS knows that this is not a response to a subsequent request. However, since the MSC is assuming that the Internal Handover is still running, the BSS must reject this (late) A-Internal Handover Command message. The sequence is shown in Figure 4. The MSC is confused that the BSS has sent another A-Internal Handover Required message (with new number), although this is clearly forbidden in TS 48.008 during an ongoing Internal Handover Execution phase (starting for the MSC with sending the first A-Internal Handover Command message).
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Figure 4: T25 handling in BSS with "preparation reference number"
This proposal clearly does not solve the main issue raised above that is to avoid the MSC taking too long to reserve resources but continuing to reserve them (oblivious to the state of Internal Handover in the BSS). Later (when?) the MSC must abort the ongoing Internal Handover Execution, must de-allocate all reserved resources, must re-configure the MGW and must start a new Internal Handover Preparation. The main question is: why should this now be faster and timely for the BSS?
Advantages
· Ensures that BSS knows that if a late A-Internal Handover Command is received after T25 has expired that it shall not mistake it for a response to a subsequent request.

Disadvantages
· Does not solve the problem that MSC may reserve resources after the BSS has aborted the Internal Handover.

· Imposes additional protocol (BSSMAP) message impacts to frozen Rel-8 specifications.

· Imposes changes to the GERAN functionality – when T25 expires the BSS cannot fully abandon the handover – it must still return a Handover Failure message when it receives the response from the MSC. Currently GERAN specifications suggest that it does not expect any response after this time.

· the Handover Failure message will be sent after the second A-Internal Handover Required, which is quite confusing for MSC and BSS.

· Adds additional complexity in already frozen GERAN specifications and corresponding implementations to manage the "Preparation Reference Number" for all Internal Handovers. This could be seen as a significant impact.
5. Conclusions
The proposal to add a "preparation reference number" to the BSSAP messages does not improve the situation, merely adds overhead to the problem which can be solved in a far simpler manner. The MSC will still reserve resources even if BSS has abandoned the internal handover due to expiry of T25. This was clearly not the intention behind this timer as it suggests that no response from the MSC would be received after this time. Therefore this proposal not only imposes protocol changes to BSSAP but changes the intention of the function as defined by GERAN.

The solution proposed in CR#130 creates an overly complex solution on the premise that the Ericsson proposal to define a timer in MSC only works if configured correctly. It is submitted that since the intention is to specify the handling of this timer then correct operation of any feature relies on an implementation's compliance to 3GPP specifications. Besides the correct configuration is then at the hands of the network operator which can be tuned to ensure perfect operation. The proposal in CR#130 does not permit this at all and can result in inefficient operation of the Internal Handover to which the operator has no remedy.
The solution in CR#130 cannot be agreed by CT working groups due to the amount of changes required in GERAN specifications. It is highly unlikely that such changes will be acceptable within Release 8 but if such a solution was agreed by CT then nothing could be agreed until TSG GERAN approved the changes which would mean no final solution agreed until December.
The solution proposed by Ericsson in CR#129r4 does not require any changes to GERAN protocol specifications or current BSS implementations. It provides a simple MSC contained solution that can be approved at CT1#60/CT4#45 and therefore at TSG CT#45.

Given the obvious disadvantages with the proposed solution in CR#130 and the simplicity of the solution in CR#129 the Ericsson proposal should be agreed.
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