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(

	Essential correction

TS 26.103 (4.3.0, 5.5.0, 6.0.0) states:

“For the UMTS AMR2 this Codec Mode Adaptation can be performed every 20ms for the downlink traffic channel, but only every 40ms for the uplink radio channel. …
By this definition the UMTS AMR2 Codec Type is TFO and TrFO compatible to the FR AMR, HR AMR, UMTS AMR and UMTS AMR2 Codec Types.”

TS 28.062 (4.5.0, 5.4.0, 6.0.0) states:

Table 11-1: Compatibility of AMR Codec Types
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The UMTS_AMR_2 is the preferred Codec Type for 3G systems.

TS 23.153 (4.10.0 and 5.8.0) states: 

"The UMTS_AMR_2 is a superset of the UMTS_AMR. It behaves as a FR_AMR codec in the UL and as a UMTS_AMR codec in the DL. This allows UMTS terminals to operate in TFO with GSM terminals. The UMTS_AMR_2 is fully compatible with UMTS_AMR in TFO and TrFO and fully compatible with R99 CN nodes (TC in MGW)."

In other words: UMTS_AMR_2 is TFO/TrFO compatible to UMTS_AMR and FR_AMR; but UMTS_AMR and FR_AMR (indeed all GERAN versions) are not compatible. 

These statements are true for end-to-end TFO scenarios and end-to-end TrFO scenarios with these two Codec Types. But this may cause problems in a more complex networks supporting TFO/TrFO interworking, as explained in the following:
Let us assume that a call is set up from an UE1 served by RNC1 towards an UE3 served by RNC3. UE1 supports UMTS_AMR_2, UE3 only UMTS_AMR. For the first part of the connection, UMTS_AMR_2 is negotiated via BICC OoBTC. MSC2/MGW2 and MSC3/MGW3 are connected via a TDM link and may belong to different PLMNs. Nevertheless, all the MSCs are configured so that the same active codec mode set (ACS) is selected both for UMTS_AMR_2 and UMTS_AMR.

                              MSC1 ---------------  MSC2 -------------- MSC3   

  RNC1 ------------MGW1--------------- MGW2 ======== MGW3----------------RNC3 

         UMTS_AMR_2       UMTS_AMR_2                                         UMTS_AMR 

           ATM(TrFO)           ATM(TrFO)              TDM (TFO)            ATM(TrFO)

When the TFO peer entities in MGW2 and MGW3 exchange the locally used codec types and codec configurations via TFO in-band signalling, they will come to the conclusion that immediate TFO operation is possible, since UMTS_AMR and UMTS_AMR_2 are termed “TFO compatible”. The result will be an concatenation of tandem free and transcoder free links: it will be end-to-end transcoding free. 

(Note that according to TS 29.232, MSC2 and MSC3 will not be informed that TFO operation was actually successfully established. Furthermore, MSC2 will not be informed that MGW3 is actually using UMTS_AMR, unless MSC2 explicitly asked MGW2 for a list of all distant codecs.).

So far so good. 

But now:

Subsequently, UE1 performs an inter-system handover to GERAN. The new codec assigned by BSS1 is FR_AMR, again with the same ACS. Now, the TFO peer entities in BSS1 and MGW1 start TFO in-band signalling and go to immediate TFO operation, since FR_AMR and UMTS_AMR_2 are TFO compatible. So we end up with a concatenation of links using FR_AMR, UMTS_AMR_2 and UMTS_AMR. With the information locally available at MSC1/MGW1 and MSC2/MGW2, both nodes come to the conclusion that TFO/TrFO is possible, but end-to-end, FR_AMR and UMTS_AMR are not compatible. Since the UMTS_AMR codec does not comply with the rate control rules of the FR_AMR codec, the result will be a higher frequency of bad speech frames in downlink direction towards UE1. This can seriously deteriorate the speech quality.

                         MSC1 ---------------  MSC2 ----------------- MSC3   

   BSS1 ======= MGW1--------------- MGW2 ========== MGW3----------------RNC3 

              FR_AMR          UMTS_AMR_2                                              UMTS_AMR 

            TDM (TFO)         ATM(TrFO)              TDM (TFO)               ATM(TrFO)

For a solution to avoid this kind of path configuration it should be taken into account that 

a) apart from R99 'UMTS only' UEs, all other UTRAN capable UEs support the UMTS_AMR_2. And it can be expected that R99 'UMTS only' UEs will soon become a small minority. Therefore, calls without involvement of an UMTS_AMR codec should be affected by the solution as little as possible.

For this reason we do not want to require MSC1 to perform a codec modification or mid-call codec negotiation on the link between MGW1 and MGW2 after each inter-system handover of UE1, since such a requirement would apply to any call using AMR codecs. But codec changes in the core network should be avoided, if possible, since each re-initialization of the user plane will cause a short interruption of the speech transmission. Furthermore, such a requirement would create an unnecessarily high signalling load between MSC1 and MSC2 and their associated MGWs. And, most important to note: a transcoder would have to be inserted somewhere in the path.

b) Nowadays, many operating UMTS networks use the UMTS_AMR codec only in 12.2 kbit/s single mode configuration. For AMR codecs in single mode configuration, the difference in the rate control becomes meaningless. 

c) Since MSC3/MGW3 can be located in a different PLMN, anywhere in the world, it cannot be excluded that in this foreign PLMN the UMTS_AMR codec is used in a multi-mode configuration with TFO.

For these reasons we propose the following solution:

i) UMTS_AMR and UMTS_AMR_2 shall only be considered as TFO- and TrFO- compatible, when used in a single mode configuration.

In the scenario above, this would mean that for an UMTS_AMR in multimode configuration immediate TFO between MGW2 and MGW3 would not be possible. MGW2 (using the new compatibility rule, for example) would terminate the TFO-negotiation. Provided that MSC2 asked MGW2 for a list of all distant codecs , MSC2 would be informed by MGW2 that UMTS_AMR was the codec used by the distant TFO partner. It would then be up to MSC2 to take appropriate measures. (Note that a codec modification from UMTS_AMR_2 to UMTS_AMR on the link between MGW1 and MGW2 would not improve this situation, because then the FR_AMR in BSS1 and the UMTS_AMR in MGW1 are not TFO-compatible. Only the point, where the transcoder is inserted, would be shifted from MGW2 to MGW1.)  

ii) Since UMTS_AMR and UMTS_AMR_2 are no longer considered as TFO/TrFO-compatible in all cases, it shall be possible to discriminate clearly between the two codecs in the BICC OoBTC signalling. I.e. the UMTS_AMR_2 codec in the Supported Codecs List or Available Codecs List shall not include also the UMTS_AMR codec. 

E.g. the originating MSC might want to offer in the Supported Codecs List the  preferred (multimode) configuration 1 only for UMTS_AMR_2, but not for UMTS_AMR. Then the terminating MSC should not be allowed to reply with UMTS_AMR in preferred configuration 1 (which would currently be allowed according to subclause TS 23.153, 5.6). 

(Note: in order to allow TrFO connections with R99 UMTS only UEs, the originating MSC can additionally include UMTS_AMR in preferred (single) mode configuration 7 to the Supported Codecs List. Or it can include UMTS_AMR in configuration 1, then the terminating MSC may select between all offers.)

	
	

	Summary of change:
(

	i) UMTS_AMR and UMTS_AMR_2 shall only be considered as TFO- and TrFO- compatible, when used in a single mode configuration with the same mode.

ii) UMTS_AMR and UMTS_AMR_2 are treated as fully separate codec types in BICC OoBTC signalling. I.e. the UMTS_AMR_2 codec in the Supported Codecs List or Available Codecs List no longer includes also the UMTS_AMR codec.  

	
	

	Consequences if 
(

not approved:
	Without the change (i), the network may set up a connection consisting of links using different codecs (FR_AMR, UMTS_AMR_2, and UMTS_AMR) that cannot be combined in TFO/TrFO end-to-end (FR_AMR and UMTS_AMR), although locally, at each node, the used codecs (FR_AMR and UMTS_AMR_2, or UMTS_AMR_2 and UMTS_AMR, respectively) are TFO/TrFO compatible. 

Since the UMTS_AMR codec does not comply with the rate control rules of the FR_AMR codec, the result will be a higher frequency of bad speech frames in downlink direction towards the UE using the FR_AMR codec. This can seriously deteriorate the speech quality.

Without the change (ii), it is not possible for the originating MSC to restrict the use of UMTS_AMR to single mode configurations: if the originating MSC offers UMTS_AMR_2 in a multi mode configuration the terminating MSC could select the UMTS_AMR in the same multi mode configuration as Selected Codec.
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For Information

5.4
Four Adaptive Multi-Rate Codec Types (FR AMR, HR AMR, UMTS AMR, UMTS AMR2)

The Adaptive Multi-Rate Codec algorithm is applied in GSM and UMTS in four different Codec Types.
The Codec IDentification (CoID) codes are defined to be: 
FR_AMR_CoID 


:= 0x0000.0011.

HR_AMR_CoID 

:= 0x0000.0100.

UMTS_AMR_CoID

:= 0x0000.0101.
UMTS_AMR_2_CoID
:= 0x0000.0110.

For Information

For information on GSM procedures (for exact details see GSM Recommendations): 

The GSM AMR Codec Types comprise eight (Full Rate), respectively six (Half Rate) different Codec Modes: 
12,2 … 4,75 kBit/s.

The active Codec Mode is selected from the Active Codec Set (ACS) by the network (Codec Mode Command) with assistance by the mobile station (Codec Mode Request). This Codec Mode Adaptation, also termed Rate Control, can be performed every 40 ms by going one Codec Mode up or down within the ACS. The Codec Modes in uplink and downlink at one radio leg may be different. In Tandem Free Operation both radio legs (A and B) are considered for the optimal selection of the active Codec Mode in each direction (uplink A and then downlink B, respectively vice versa) by the "Distributed Rate Decision" algorithm. The worst of both radio legs determines the highest allowed Codec Mode, respectively the maximally allowed rate ("Maximum Rate Control"). All rate control commands are transmitted inband: on the radio interface, the BTS-TRAU interface and the TRAU-TRAU interface.

For Information

Informative for terminals of R99 that support only UTRAN access ("UTRAN-only" terminals):
UTRAN-only terminals of R99 may either use UMTS AMR or UMTS AMR2 as default speech version in UTRAN access.

Normative for terminals that support GSM and UTRAN radio access ("dual-mode" terminals):
Dual-mode terminals of R99 and onwards shall use the UMTS AMR2 as the default speech version in UTRAN access.
They need not to support the UMTS AMR, because the UMTS AMR2 in terminals is a fully compatible replacement.

Normative for all UMTS terminals of REL-4 and onwards: The UMTS AMR2 shall be the default speech version for UTRAN access in all terminals, UTRAN-only and dual-mode (GSM and UTRAN) of REL-4 and onwards. 

For information on UMTS procedures (for exact details see 3GPP TS 28.062 (TFO) and 3GPP TS 23.153 (TrFO)): 

FIRST CHANGE

The active Codec Mode is selected from the Active Codec Set (ACS) by the network. This Codec Mode Adaptation, also termed Rate Control, can be performed for the UMTS AMR every 20 ms by going to another Codec Mode within the ACS. For the UMTS AMR2 this Codec Mode Adaptation can be performed every 20ms for the downlink traffic channel, but only every 40ms for the uplink radio channel. The UE selects at call setup one of the two possible phases for Codec Mode Adaptation (odd or even frames). During the call changes of the Codec Mode in uplink direction are only allowed in this selected phase. Rate Control commands received in downlink direction are considered at the next possible phase. 
By this definition the UMTS AMR2 Codec Type is TFO and TrFO compatible to the FR AMR, HR AMR and UMTS AMR2 Codec Types. In any multi-mode configuration the UMTS_AMR shall be regarded as only compatible to itself, not to any other AMR codec Type, to avoid incompatibilities in TFO-TrFO-TFO interworking scenarios. In single mode configuration, UMTS_AMR and UMTS_AMR_2 are compatible, when both codec types use the same single rate ACS.
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