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Introduction
At CT4#58bis concern was raised over the stage 2 specifications for BSS internal handover decision criteria and that there was a potential misalignment between stage 3 (TS 48.008) and stage 2 (TS 23.009). This issue was outlined in C4-122033. 

This paper aims at summarising the issues and discussion that ensued. It is proposing steps needed to clarify the specifications.
The changes are proposed within Rel-11 at this stage, since most changes are considered clarifications.  It, however, may be reasonable to implement some changes in earlier releases. But this should be the subject of a subsequent discussion.

Mismatch of 23.009 and 48.008
TS 48.008 (stage 3) specifies in 3.1.5c.1 Internal Handover Preparation:
“When the BSS detects that e.g. a radio reason exists for an internal handover, but a compatible Codec Type or Codec Configuration can not be allocated in the target cell or the A-Interface Type has to be changed, or the Redundancy Level on the A-Interface of an ongoing data or fax call has to be changed or the Transport Layer Address has to be changed, then an Internal Handover Preparation procedure is initiated by BSS” 

This means that the BSS may avoid involving the MSC, if internal handover between compatible Codecs is possible. An BSS-internal handover without MSC support is of course advantageous in many respects: it is faster and simpler. It should be the major handover case.
It is submitted that the stage 3 shall take precedence in this case and 23.009 should be clarified. A suggested update to TS 23.009 is presented below:

TS 23.009, subclause 6.3.1:

" If the A-Interface User Plane is carried over IP (or shall be handed over to IP) and the BSS determines (in accordance with 3GPP TS 48.008 [xx] that one or more of the A-Interface User Plane parameters need to be modified in an incompatible way, for example the Codec Type, or the Codec Configuration, or the IP Transport Layer Address, or the UDP Port, or the CSData Redundancy Level, or the A-Interface Type itself (e.g. from TDM to IP or vice versa), then a "BSS Internal Handover with MSC support" shall be performed and an Internal Handover Preparation procedure shall be initiated by BSS."
Definition of Compatible Codec

It has further been criticized that the term “compatible” is not well defined in CT specifications. Codec compatibility has been extensively discussed in other (SA4) specifications and CT specifications should not attempt to replicate this. The lead specification for this is TS 28.062 (Tandem Free Operation), which also applies for Transcoding Free Operation.. TS 48.008 could be enhanced to refer to these specifications but this should be left for GERAN to decide. 
Some clarification in TS 23.153 is also recommended.
TFO and TrFO Compatibility
It has been questioned whether the TFO compatibility and TrFO compatibility are synonymous. There has been extensive work to “harmonise” TFO and TrFO within SA4 and CT so this harmonisation between codec compatibility should be well established. In 23.153 it already refers to TFO specification for TrFO compatibility:
TS 23.153 clause 5.3:

If TFO-incompatible codec types are applied at different terminations of the same context, the MGW shall insert a transcoder. For the definition of TFO-compatibility between 3GPP codec types and codec configurations see [10_TS 28.062)], clauses 11 and 12. 

Between codecs of the AMR codec family, the MGW need not insert a transcoder, if the codec types are TFO- compatible according to [10], table 11-1, and 

-
the codecs use the same ACS; or

-
the ACSs are TFO-compatible and the use of codec modes is restricted to a common subset of the ACSs by means of maximum rate control. In this case the MGW shall coordinate the rate control request.
Nevertheless some more clarification in TS 23.153 may be added.
Rate Control at Call Setup and after Handover
Compatible Codecs are in general not identical in Codec Type and may deploy different Codec Configurations. Examples are HR_AMR(Set1) in BSS and FR_AMR(Set1) as Selected Codec (BICC) in the Core Network. Nevertheless TrFO between these Codecs is possible and indeed it was one of the major design criteria for AMR to allow Transcoding Free Operation between these Codecs. The Maximum Rate Control by Inband Signalling (CMR: Codec Mode Request) guarantees in general that only common modes are used by all involved entities (peer Mobiles and MGWs). 

A MGW deploying FR_AMR(Set1) may send a CMR=7 (7 means AMR Mode 12.2 kbps, see TS 26.101, table 1c) to its BSS-counterpart, as it has no problem to receive speech frames encoded with AMR(12.2). The BSS, operating the HR_AMR(Set1) in contrast, knows that its own maximum rate is CMR=4 (4 means AMR Mode 7.40 kbps)  and it will never request a higher rate, neither from the MGW nor from the mobile station. But it will accept the CMR=7 from the MGW as upper sealing for the rates. The Codec Mode Command (CMC) the BTS sends down to the MS is determined as Max (CMRMGW; CMRBTS) >= 4. Indeed BSS shall accept all CMRs >4 as upper sealing, also e.g. CMR=15. In some Inter-Operability-Tests recently some BSS did not handle speech frames with CMR>4 correctly.
It is suggested to add some guidelines also here, maybe in TS 48.103.
Pre-Handover Rate Control
In order for a handover between different, but compatible Codecs to be smart, i.e. without undue muting, Maximum Rate Control before the handover is recommendable in some cases (e.g. FR_AMR(Set1) => HR_AMR(Set1). The same issue arises in all other handovers with MSC support, e.g. Inter-BSS handover and also in Inter-RAT handover (e.g. UMTS_AMR-WB(Set2) => FR_AMR-WB(Set0)): it should be guaranteed by Pre-Handover Maximum Rate Control that the peer-side is not sending AMR-coded (or AMR-WB-coded) speech frames with a mode higher than supported after the handover.

It is suggested that 23.153 could be enhanced to recommend this action. 
It may be noticed that TS 48.058 includes mechanisms for “Pre-Handover Notification” since the beginning of AMR, as the problem is known for AMR and TFO since long. Not performing such a Pre-Handover Maximum Rate Control will not jeopardize the handover or the call, but the new radio leg may not be able to transport speech frames with a too high mode and therefore muting could occur in downlink direction, until the rate control after handover has reached a stable state (about one round trip delay time).
Network configuration for optimal compatibility

It was further criticized that “compatibility” of the BSS-chosen Codecs before and after handover is not sufficient to guarantee interworking between GERAN and Core Network. Instead it must be guaranteed that the GERAN-Codecs before and after handover must be compatible to the Codec used on the AoIP-termination of the MGW. The latter is often (not always) the Selected Codec (BICC). It is the opinion of the source that the Core Network has full control over the Codecs the BSC may choose, as all of them must be included in the MSC-PCL (Codec List (MSC Preferred) at Assignment Request) and the BSS has no freedom to use another Codec outside the MSC-PCL. Therefore no interworking problem should arise, as long as the MSC is reasonably parameterized.

Nevertheless it might be wise to include some further guidelines in TS 23.153 to guarantee interoperability in all BSS-internal handovers.

Conclusions

The issues raised in C4-122033 can be resolved with some clarifications to CT stage 2 specifications, but the changes should be kept as clarifications. For the proposed change to TS 23.009 it may, however, be discussed, if this should be implemented in earlier releases.
