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Introduction

Recently, it was detected that with regard to the criteria whether the BSC shall perform a BSS-internal handover in AoIP mode with or without MSC support, stage 2 (TS 23.009) and stage 3 (TS 48.008) are not aligned. While stage 2 requires the BSC to initiate a BSS internal handover with MSC support whenever the codec type or the codec configuration needs to be modified, stage 3 requires this only if "a compatible Codec Type or Codec Configuration can not be allocated in the target cell". To make things worse, stage 3 does not explain what is meant with "compatible", and in practise this has lead to different interpretations and problems in IOTs.

We see two possible options:

1)
stick to the stage 2 requirement as proposed by Ericsson (CP-090666) and ask GERAN2 to align TS 48.008 with the stage 2 requirement; or

2)
agree on some decision criteria for BSS-internal handover in AoIP mode with MSC support and align stage 2 and stage 3 with these criteria.

With regard to the second option, there was a proposal to clarify that stage 3 is actually referring to "TFO compatible", but since AoIP is actually using TrFO, not TFO, it would probably be more appropriate to use "TrFO compatible". Even with such a clarification to stage 3, however, there would still be an inconsistency between stage 2 and stage 3.
We present an argument that for the AMR-NB codecs even "TrFO compatible" may not be the right criterion. In order to keep the criterion reasonably simply, but to allow the BSS internal handover without MSC support at least for the most important case of handover between FR AMR and HR AMR with configuration S1, we propose that a BSS internal handover without MSC support should only be allowed if the codec type is changed to a compatible codec type, but the codec configuration remains unchanged.
Current status is stage 2 and stage 3
With the introduction of AoIP, a new type of BSS-internal handover was introduced in the stage 2 specification for CS handover (TS 23.009): BSS-internal Handover with MSC support.

According to 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 one or more of the A-Interface User Plane parameters need to be modified, 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. 

..."

On the other hand, the stage 3 specification for the BSSMAP protocol (TS 48.008) describes the new procedure as follows:
"3.1.5c.1
Internal Handover Preparation 

The details of the radio information as far as handover is concerned are given in 3GPP TS 24.008. 

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. 
..."
So according to stage 2 any BSS-internal handover involving a change of the codec type or codec configuration shall be performed with MSC support, but according to stage 3 there are certain exceptions ("compatible Codec Type or Codec Configuration") where a handover without MSC support is allowed.
As the text in TS 48.008 does not contain any reference to TS 28.062 or TS 23.153, the meaning of "compatible" is not defined. In practise this has resulted in IOT problems due to BSS implementations which are trying to perform a BSS-internal handover without MSC support between different preferred configurations of the AMR-NB codecs even if these configurations are not TFO compatible.
Decision criterion for BSS-internal handover in AoIP mode without MSC support

It has been proposed to clarify that stage 3 is actually referring to "TFO compatible", but AoIP is actually using TrFO, so it would be more appropriate to use "TrFO compatible". 
            ┌----------- MSC-S 1 --------- MSC-S 2 -----------┐

            │              │                 │                │

            │      AoIP    │        Nb       │                │

MS 1 ----- BSS 1 -------- MGW 1 ------------MGW 2 ---------- BSS 2 ----- MS 2
The main problem is, however, that also the criterion "TrFO compatible" takes only the local codec configurations used at the AoIP interface before and after the handover into account, but not the codec configuration used at the Nb interface between the local MGW and the remote party.

This can be a problem, because the relation between two codecs to be "TrFO compatible" is not "transitive". I.e. if codec A is TrFO compatible with codec B, and codec B is TrFO compatible with codec C, it is not always true that A is also TrFO compatible with C.

E.g. we have the situation that for the AMR-NB codecs S1 is TrFO compatible with S8, and S8 and with S10, but S1 is not TrFO compatible with S10. 
Therefore, even if before the handover TrFO was established, because S8 was used at the AoIP interface and S10 was used at the Nb interface, after the BSC-internal handover to configuration S1 which is TrFO compatible to S8 we have S1 at the AoIP interface and S10 at the Nb interface, i.e. a combination which is TrFO incompatible.

On the other hand, after the reverse handover from S1 to S8, TrFO will again become possible with the S10 configuration at the Nb interface.

So for both directions it seems more appropriate to involve the MSC-server already during handover preparation, i.e. to initiate a BSS-internal handover with MSC support.

Of course, one could argue why, in practise, the BSC should perform such an internal handover from S1 to S8, when it would as well be possible 

-
to stick to FR_AMR / S1 and just to use maximum rate control if the reason for the change is 'bad radio conditions'; or

-
to perform internal handover to HR_AMR / S1 if the reason for the handover is a lack of radio resources.

The point here is only to demonstrate that also "TrFO-compatible" does not seem to be the right criterion.

The case which is actually most relevant in practise for the AMR-NB codec is BSS-internal handover between FR_AMR (or OHR_AMR) with S1 configuration and HR_AMR with S1 configuration, beause S1 is the configuration recommended for TrFO/TFO interworking and for GERAN/UTRAN calls.

(In IOTs, for this case the BSS-internal handover without MSC support seems to be working, because apparently existing BSS implementations are issuing a maximum rate control before changing from FR_AMR to HR_AMR (or vice versa: after changing from HR_AMR to FR_AMR). However, as far as we know this requirement for the BSS has not been specified explicitly.)
If CT4 agrees that this specific scenario should be possible "without MSC" support, then in order to keep the criterion for the applicability of BSS-internal handover in AoIP mode without MSC support simple, we propose to limit this for the AMR-NB codec family to handover between compatible codec types using the same preferred codec configuration.

For the AMR-WB codec family the situation is different, because all allowed configurations are TrFO compatible, i.e. TrFO operation can be ensured by an appopriate maximum rate control request before or after the handover.

Therefore, we propose to change the criterion for BSS-internal handover with MSC support in TS 23.009 as follows:
"Apart from the exception described below, if the A-Interface User Plane is carried over IP (or shall be handed over to IP) and one or more of the A-Interface User Plane parameters need to be modified, 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.
Exception: If the A-Interface User Plane is carried over IP and the only A-Interface User Plane parameters which need to be modified are:

i)
the Codec Type only, and it is modified to a TFO compatible Codec Type;

ii) 
the Codec Configuration only, if the Codec Type belongs to the AMR-WB family; or

iii)
both the Codec Type and the Codec Configuration, if the Codec Type belongs to the AMR-WB family and is modified to a TFO compatible Codec Type,

then an Intra-BSS handover (without MSC support) may be performed instead of the "BSS Internal Handover with MSC support".
..."

Proposed way forward

CT4 first needs to decide between option 1 and 2.
If CT4 agrees to go for option 2, we propose:
1) to change the criterion for BSS-internal handover with MSC support in TS 23.009 as described above;

2) to add a requirement to TS 23.153 that when the BSS in AoIP mode performs an Intra-BSS handover (without MSC support) according to the exceptional case described in TS 23.009, subclause 6.3.1, it is the responsibility of the BSS to issue the necessary maximum rate control request before handover or after handover, to limit the use of codec modes a seen necessary.
In any case, CT4 should send an LS to GERAN2, asking them to align stage 3 either with the current stage 2 or with the CRs CT4 and CT1 have agreed for items 1) and 2) above. (For item 2 we can leave it to GERAN2 to select a suitable specification.)

