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Introduction

This contribution takes a closer look at the likelihood and effort to get a transcoding-free communication between GSM and UTRAN terminals for ordinary narrowband speech. TFO and TrFO mechanisms are in place, true. But the community so far could not definitively agree, which AMR Configurations to use in GSM, which in UTRAN and especially not which in GSM-UTRAN calls. 

The situation is substantially better for AMR-WB, where one configuration is the basis for every communication.

This contribution recalls the current situation and proposes a "golden compromise" that could solve the problem: one AMR-NB-Configuration for all radio accesses. 

It might not be the task of SA2 to decide on this, but it seems very important to get more attention to this problem. Actions could arise for 

SA4, to include this new configuration into TS 28.062 (TFO) 


and potentially into TS 26.103 (Codec List), to make it more visible. 

CN4, to include this new configuration into TS 23.153 (TrFO) as preferred one.

T, to include this new configuration into the conformance tests for terminals (e.g. TS 34.108).

Discussion

Situation with AMR-WB.

After a cumbersome two-year discussion on AMR-NB configurations - without a final, by everyone accepted solution - SA4 came relatively quickly to a conclusion regarding a "golden compromise" for AMR-WB: One basic, mandatory configuration with the three lowest modes is always available for all radio access technologies, comprising the modes of 
AMR-WB 6.60 + 8.85 + 12.65 kbit/s. One of two optional modes can be added: either 15.85 or 23.85 kBit/s.

Begin of extract from TS 26.103 5.4.0:
=================================================================================

Table 5.7-1: Allowed Configurations for the Adaptive Multi-Rate – Wideband Codec Types

	     Configuration →
(Config-WB-Code)

↓ Codec Mode 
	
0
	
1
	
2
	
3
	
4
	
5
	
6
	
7
	
8
	
9
	
10
	
11
	
12
	
13
	
14
	
15

	23,85
	
	
	
	
	1
	1
	
	
	
	
	
	
	
	
	
	

	15,85
	
	
	1
	1
	
	
	
	
	
	
	
	
	
	
	
	

	12,65
	1
	1
	1
	1
	1
	1
	
	
	
	
	
	
	
	
	
	

	8,85
	1
	1
	1
	1
	1
	1
	
	
	
	
	
	
	
	
	
	

	6,60
	1
	1
	1
	1
	1
	1
	
	
	
	
	
	
	
	
	
	

	OM
	F
	A
	F
	A
	F
	A
	
	
	
	
	
	
	
	
	
	

	FR_AMR-WB,
OHR_AMR-WB
	
Y
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	OFR_AMR-WB, UMTS_AMR-WB
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y
	
	
	
	
	
	
	
	
	
	


The “1” in the table indicates that the Codec Mode is included in the Active Codec Set of the Configuration. 

The parameters “OM” (Optimisation Mode) define whether the indicated Configuration can be changed to any of the other Allowed ones (OM == A) or whether the change is Forbidden (OM == F).

The “Y” in the table indicates, which Configuration is defined for which Codec Type.

Please note that Configurations 0 to 5 are immediately fully compatible with respect to TFO/TrFO due to the specification of Maximum Rate Control. 

=================================================================================
End of extract from TS 26.103 5.4.0:

With these three different AMR-WB Configurations (0/1, 2/3, 4/5) it is guaranteed that any combination on both radio access sides and the core network in between does (nearly) always lead to the optimal communication quality under the given restrictions. The Maximum Rate Control Algorithms, integrated into the TFO Handlers, do automatically restrict the rates to the common ones, in case the configurations are different. For a pure TrFO connection the Rate Control algorithm should be identical, but it is - so far - not described anywhere.

Please note that these AMR-WB Configurations are the only allowed ones. No other configuration is defined.

Situation with AMR-NB.

For the AMR-NB, where the idea of adapting the Application to the radio Link-Capacity, the idea of rate control and the concept of transcoding free operation (TFO/TrFO) were still in their early stages and not well understood, for this AMR-NB the compromise solution is far more complex and still not satisfying.
Begin of extract from TS 28.062 5.4.0:
=================================================================================

Table 7.11.3.1.3-2: Preferred Configurations for the Adaptive Multi-Rate Codec Types

	     Configuration →
                (Config-NB-Code)
↓ Codec Mode 
	
0
	
1
	
2
	
3
	
4
	
5
	
6
	
7
	
8
	
9
	
10
	
11
	
12
	
13
	
14
	
15

	12,20
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	1
	1

	10,20
	
	
	
	
	
	
	1
	
	
	
	
	
	1
	1
	
	

	7,95
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	1
	1

	7,40
	
	
	
	
	1
	
	
	
	
	
	1
	1
	
	
	
	

	6,70
	
	
	
	1
	
	
	
	
	
	1
	1
	1
	1
	1
	
	

	5,90
	
	
	1
	
	
	
	
	
	1
	1
	1
	1
	1
	1
	1
	1

	5,15
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4,75
	1
	
	
	
	
	
	
	
	1
	1
	1
	1
	1
	1
	1
	1

	OM
	F
	
	F
	F
	F
	F
	F
	F
	F
	F
	F
	A
	F
	A
	F
	A

	HR_AMR
	Y
	
	Y
	Y
	Y
	Y
	
	
	Y
	Y
	Y
	
	
	
	
	

	FR_AMR, OHR_AMR,
UMTS_AMR,
UMTS_AMR_2
	
Y
	
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y


The “1” in the table indicates that the Codec Mode is included in the Active Codec Set of the Configuration. 

The parameter “OM” (Optimisation Mode) defines whether the indicated Configuration can be changed to any of the other Allowed ones (OM == A) or if the change is Forbidden (OM == F). For the three “A” configurations (11, 13 and 15) the TFO Decision algorithm shall consider the SCS {1, 1, 1, 1, 1, 1, 0, 1}, i.e. all AMR modes except the 5.15 kbps shall be treated as supported and the OM shall be assumed to be “Optimisation of the ACS supported”. For the other “F” configurations the ACS and SCS shall be assumed to be identical and as shown in the configuration table. The OM shall be assumed to be “Optimisation of the ACS not supported”.

A change via Maximum Rate Control is always possible (e.g. from configurations 10, 11, 12, 13, 14, 15 to 9 and 8). 

The “Y” in the table indicates, which Configuration is defined for which Codec Type.

=================================================================================
End of extract from TS 28.062 5.4.0

Please note that these AMR-NB Configurations are only declared as preferred ones, but more than 100 other configurations exist and no rule forbids to use one of them. And this declaration is placed in TS 28.062 and therefore not as visible as in TS 26.103. Without further agreements the likelihood is small, that two independent radio legs would chose the same or two compatible configurations. With an additional TrFO link in between, which selects the configuration potentially also independently, the situation does by no means improve.

Therefore the TFO-Decision Rules, as formulated in TS 28.062, prefer the AMR-NB Configuration 10/11 for HR_AMR and configuration 12/13 for FR_AMR. This was a compromise after a long debate, based on the characterisation report on AMR (TR 26.975) and it fits quite well for the GSM radio accesses. 

Without radio errors the AMR 10.2 is de facto as good as the 12.2 (it is very hard to hear any difference). 
But the 10.2 is in addition noticeably more robust under error conditions (about 3 dB C/I more robust). 
Therefore the 10.2 was selected as highest mode for FR_AMR. 

The 7.40 mode was regarded as optimal for all half rate call scenarios with good radio channel (above C/I of 15 dB) and was therefore selected as the highest mode for HR_AMR in HR-HR calls. The 7.95 mode would be in that respect even better, but it does not fit into the 8kbit/s sub-multiplexing scheme on the GSM Abis/Ater interface and would therefore be substantially more expensive in terms of operational costs.

In FR-HR call scenarios the chosen three lower modes (6.70 + 5.90 + 4.75) provide a very good common basis and provide close to optimal communications quality, considering intrinsic quality (without radio errors) and robustness (under varying radio conditions). The option exists to adapt the FR channel to the HR counterpart by changing to configuration 10/11 after the TFO-Negotiation. Configuration 10/11 is the optimal one for FR-HR calls. But the combination of Configuration 10 for HR_AMR and Configuration 12 for FR_AMR is very close to optimum with the advantage that no in-call-modification is required and both radio legs remain unaltered by handovers of the distant side.

See the following two extracts from TR 26.975 5.0.0 (Performance Characterization of the AMR Speech Codec).

Begin of first extract from TR 26.975 5.0.0 =================================================================================
[image: image1.emf]Experiment 1a - Test Results
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Figure 5.2: Family of curves for Experiment 1a (Clean speech in Full Rate)

=================================================================================
End of first extract from TR 26.975 5.0.0

Begin of second extract from TR 26.975 5.0.0 =================================================================================
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Figure 5.4: Family of curves for Experiment 1b (Clean Speech in Half Rate)

=================================================================================
End of second extract from TR 26.975 5.0.0

Unfortunately the RAN groups preferred another AMR-NB configuration for UTRAN: Configuration 14/15. Although configuration 12/13 would be reasonable for UTRAN as well, this was not selected. Maybe it was believed that "the 12.2 mode must be better than the 10.2 mode, because it uses a higher bit rate" (with this argumentation it would be consequent to use the old GSM_FR). This configuration 14/15 is, however, not at all compatible to configurations 10/11 and 12/13. Configuration 14/15 could be used in GSM Full Rate Channels, but it is not good enough on GSM Half Rate channels: the highest mode that could be used on GSM Half Rate is the 5.90 kbit/s and this is too low for a substantial time during an average call.

The current mechanisms to resolve the situation could be an in-call-modification immediately after call setup, when the final call scenario is known after the TFO Negotiation. But also this can only work, if the UTRAN is accepting to be modified to Configuration 12/13 or 10/11. So this is not really a nice solution, it costs a substantial amount of additional signalling and speech path disruptions during the (unnecessary) modification. Every handover could jeopardise the configuration. Given the importance of GSM-to-UTRAN calls in many dual-mode networks this is hardly acceptable.

Proposal for "Golden Compromise" for AMR-NB.

Is it now possible to come to a compromise configuration that fits to all radio access schemes and allows transcoding free operation in all combinations?

What could the requirements be?
- design the Configuration with Maximum Rate Control in mind.
- design the Configuration to fit for all GERAN and UTRAN channels and for transcoding free operation
- design the Configuration to minimize handover effects.

A potential solution:
- use AMR 12.2 as highest mode






to satisfy UTRAN for UMTS_AMR_2; 
















slight compromise for GERAN for FR_AMR
- use AMR 7.40 as highest possible mode in HR_AMR 
slight compromise for UTRAN: change 7.95 to 7.40
- delete AMR 6.70 from the HR_AMR configuration 
not more than 4 modes in any configuration, 
















maximum rate control requires contiguous lower subsets
- use the two lower modes 5.90 and 4.75 as agreed

necessary for HR_AMR for robustness.

Golden Compromise for AMR-NB:  12.2 + 7.4 + 5.9 + 4.75 
for FR_AMR, UMTS_AMR_2 and OHR_AMR 













7.4 + 5.9 + 4.75 
for HR_AMR


This is nearly Configuration 14/15, just one mode is exchanged (7.95 → 7.40).
and it is nearly Configuration 10/11, just one mode is deleted (6.70).

The shortened coding in TFO_Messages (TS 28.062) could use the so far undefined Config-NB-Code "1".
The coding in OoBTC (based on TS 26.103) can stay as is.

Modified Table 7.11.3.1.3-2: Preferred Configurations for the Adaptive Multi-Rate Codec Types

	     Configuration →
                (Config-NB-Code)
↓ Codec Mode 
	
0
	
1
	
2
	
3
	
4
	
5
	
6
	
7
	
8
	
9
	
10
	
11
	
12
	
13
	
14
	
15

	12,20
	
	1
	
	
	
	
	
	1
	
	
	
	
	
	
	1
	1

	10,20
	
	
	
	
	
	
	1
	
	
	
	
	
	1
	1
	
	

	7,95
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	1
	1

	7,40
	
	1
	
	
	1
	
	
	
	
	
	1
	1
	
	
	
	

	6,70
	
	
	
	1
	
	
	
	
	
	1
	1
	1
	1
	1
	
	

	5,90
	
	1
	1
	
	
	
	
	
	1
	1
	1
	1
	1
	1
	1
	1

	5,15
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4,75
	1
	1
	
	
	
	
	
	
	1
	1
	1
	1
	1
	1
	1
	1

	OM
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	A
	F
	A
	F
	A

	HR_AMR
	Y
	(Y)
	Y
	Y
	Y
	Y
	
	
	Y
	Y
	Y
	
	
	
	
	

	FR_AMR, OHR_AMR,
UMTS_AMR,
UMTS_AMR_2
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y
	
Y


Note: there is only one code point ("1") unused, so it is not possible to differentiate FR and HR. But this could be acceptable, since it is obvious that the highest mode of this new Configuration 1 does not fit into the HR_AMR and this therefore does not need an explicit coding. The Rate Control will anyway take care that only the highest common mode is allowed.

Affected Technical Specifications should/would be:
- TS 28.062 (TFO Stage 3): introduce the new NB-Configuration and the coding for it, 








potentially modify the TFO_Decision rules (to be discussed in SA4)
- TS 23.153 (TrFO Stage 2): explain the preference of this new NB-Configuration.
- TS 34.108 (Common Test environments for User Equipment (UE) conformance testing): include new test
- ?

Consequences if not accepted

In principle this "golden compromise" configuration is already today useable, both in GERAN and well as in UTRAN. The difficulties are "only":
- success is not guaranteed, because it is not tested that every UE does supports this configuration correctly. 
- it is not agreed to use this configuration already at call setup by every operator.
- TFO signalling is more complex than necessary.

Therefore it is today very likely that no common, compatible configurations are used on both radio legs and inside the core network. In the worst case all three configurations are different at call setup. 

This would lead

· either to two additional transcoding stages with all their negative effects: 
  - substantially lower speech quality and 
  - substantially higher DSP-load (500% more) in TRAUs and MGWs.

· or to immediate in-call-modifications after call setup with all the negative impacts
  - substantially higher signalling load, especially in the out-of-band domain
  - unnecessary speech path interruptions
  - potential very unwanted cross-network effects to re-harmonise the configurations after local handovers.

Proposed Changes for TR 23.977

The text could fit under several sections, because the new AMR-NB Configuration will save DSP resources, Bandwidths and will improve Voice Quality. Among these options it is proposed to introduce two new sub-section 7.1 "AMR-NB Configurations" and 7.2 "AMR-WB Configurations".

FIRST CHANGE

7


Requirements and Architectural Solutions 



for Resource Savings

· Reduce the total number of transcoding equipment in a A/Gb mode network using R4 core network architecture. This is very important for growing A/Gb mode networks.

Sections 4 and 5 include detailed comparisons of the resource savings possible with TrFO and TFO solutions.

7.1

AMR-NB Configurations
The AMR Codec algorithm comprises eight modes. More than hundred combinations of 1, 2, 3 or 4 modes out of 8 are possible, not all are reasonable, only a few are necessary for most applications. 3GPP TS 28.062 [4] lists the 15 "preferred" AMR Configurations. 

Without further agreements the likelihood is small, that two independent radio legs would chose the same or  compatible configurations. With an additional TrFO link in between, which selects the configuration potentially also independently, the situation does by no means improve.

The TFO-Decision Rules, as formulated in 3GPP TS 28.062 [4], define preferred configurations for HR_AMR and for FR_AMR. With these AMR Configurations it is guaranteed that any combination on both radio access sides and the core network in between does (nearly) always lead to the optimal communication quality under the given restrictions. The Maximum Rate Control Algorithm, integrated into the TFO Handlers, do automatically restrict the rates to the common ones, in case the configurations are different. 

The UTRAN groups preferred a different AMR-NB configuration for UTRAN.
With this GSM-GSM calls and UTRAN-UTRAN calls would work fine in TFO/TrFO, but GSM-UTRAN calls require at least one unnecessary transcoding, in practise it would mean two transcoders are inserted: 
AMR (config-GSM) – PCM – AMR (config-UTRAN).
The OoBTC at call setup can not easily decide, which configuration to use inside the CN on the TrFO-link.
The specified mechanisms to resolve the situation could use an in-call-modification immediately after call setup, when the overall call scenario is known after the TFO Negotiation. But also this can only work, if UTRAN is accepting to be modified to the preferred GSM configurations. So this is not really a nice solution, it costs a substantial amount of additional signalling and speech path disruptions during the (unnecessary) modification. 
Every handover could jeopardise the configuration again. 
Given the importance of GSM-to-UTRAN calls and the expected handovers between GSM and UTRAN in many dual-mode networks this is hardly acceptable.
Conclusion:
It is proposed that the 3GPP standardisation groups cooperate to decide upon a common configuration for AMR, to include it into the specifications and to give it a dominant importance. This configuration would be preferred for systems supporting TFO and/or TrFO.

7.2
AMR-WB Configurations

For the AMR-WB Codec Types one basic, mandatory configuration with the three lowest modes (AMR-WB 6.60 + 8.85 + 12.65 kbit/s) is mandatory for all radio access technologies that offer AMR-WB capability. One of two optional modes may be added: either 15.85 or 23.85 kBit/s. This is described in subclause 5.4.0 of 3GPP TS 26.103 [9]
With these three different AMR-WB Configurations it is guaranteed that any combination on both radio access sides and the core network in between does (nearly) always lead to the optimal communication quality under the given restrictions. The Maximum Rate Control Algorithms, integrated into the TFO Handlers, do automatically restrict the rates to the common ones, in case the configurations are different. For a pure TrFO connection the Rate Control algorithm should be identical, but it is - so far - not described anywhere.

Conclusion:
The configurations for AMR-WB are well suited and no change is necessary.
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Experiment 1b - Test Results
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