SEITE  



Part 6 (§ 11 to 13) of Draft CR to 
GSM.08.62 V8.0.0 (2000-03)
Technical Specification

Digital cellular telecommunications system (Phase 2+);

Inband Tandem Free Operation (TFO) of Speech Codecs;
Service Description;

Stage 3

(Release 1999)




Contents

311
Codec Mismatch Resolution and Codec Optimization

11.1
General
3
11.2
Resolution of Codec_Type Mismatch and Optimisation
5
11.3
Preferred Codec
5
12
Common ACS and Optimal ACS for AMR
7
12.1
Common ACS for Immediate TFO setup
7
12.2
General principles for AMR TFO optimization
7
12.3
Determination of the Optimal Common Active Codec Set
8
12.3.1
Preliminary rule
8
12.3.2
Clustering of the AMR modes
8
12.3.2.1
AMR-FR/AMR-FR
8
12.3.2.2
AMR-FR/AMR-HR & AMR-HR/AMR-HR
8
12.3.2.3
Optimal Active Codec Set (OACS)
8
12.3.3
Acceptability of the Optimized Active Codec Set
9
12.4
Location of the determination of the Common and Optimized Active Codec Set
10
12.4.1
Locations for the immediate TFO Setup
10
12.4.2
Locations for the AMR TFO optimization
11
13
AMR Configuration mismatch and Optimization 
12


List of Tables:

5Table 1/§11: Scenarios where Tandem configuration is prefered

Table 2/§11: Clustering of the AMR FR modes
8
Table 3/§11: Clustering of the AMR HR modes
8


11
Codec Mismatch Resolution and Codec Optimization

11.1
General

It is not mandatory for a BSS to support the Resolution of Codec Mismatch or the Codec Optimization. In that case the Local_Codec_List shall include only the Local_Used_Codec.  However, in the optional case, if a BSS sends a Local_Codec_List that includes more than the Local_Used_Codec, then it is mandatory for that BSS to support the Resolution of Codec Mismatch or the Codec Optimisation, considering the reported Codec_Types.

Similarly, in case of AMR, the Resolution of an ACS mismatch and/or the ACS Optimisation is not mandatory. If, however, a BSS sends a Supported_Codec_Set that contains more Codec_Modes than the Active_Codec_Set, then is it mandatory for that BSS to support the Resolution of an ACS mismatch and/or the ACS Optimisation. 

The determination of the Local_Codec_List (i.e. the list of all Codecs supported by the local radio leg, consisting of the local MS, the local BSS and the local radio resources) and in case of AMR the determination of the Local_Supported_Codec_Set (LSCS) is outside the scope of this specification. The communication of the TRAU with the local BSS, is a BSS specific matter for the FR



























































































































































































HR and EFR and is also outside the scope of this specification. The communication means for the AMR between the TRAU, BTS and BSC are described in the clause 8 and in GSM 08.58, see also GSM 08.60 and 08.61.
Only Codec_Types that are real alternatives, considering all resources, shall be reported within the Local_Codec_List.
Similarly, only Codec_Modes that are really to be considered shall be indicated within the LSCS.

The Local_Codec_List shall be updated and resent as soon as these local resource conditions have changed, if the BSS wants to have these new conditions considered within the Codec Mismatch Resolution or Codec Optimisation.
Similarly a new LSCS shall be sent, if new conditions must be considered.

Whenever a new Distant_Codec_List or a new Local_Codec_List becomes available, then the BSS shall attempt to resolve the Codec_Mismatch or optimize the Codec_Type as soon as possible by following the rules outlined below and shall perform a subsequent intra cell handover to the new Local_Used_Codec.

Whenever a new SCS becomes available, then the BSS shall attempt to consider it as soon as possible.

If the AMR (FR and/or HR) is the Local_Used_Codec or is in the Local_Codec_List, then the determination of a possible common ACS as described in clause 12 shall be performed before the Resolution of a Codec Type Mismatch, respectively the Codec Type Optimisation. All AMR channel mode combinations, i.e. FR‑FR, FR‑HR, HR‑FR and HR‑HR, that have a common ACS, shall be considered for the Resolution of the CodecType Mismatch and the Codec Type Optimisation.


11.2
Resolution of Codec_Type Mismatch and Optimisation

The Codec_Types, respectively their combinations, are ordered in term of speech quality in the so-called “Preference_List”:

1. AMR: FR-FR
(AMR-FR in both legs)

2. EFR-EFR

(EFR in both legs)

3. AMR: FR-HR / HR-FR
(FR in one leg and HR in the other leg, whichever is selected, see below)

4. AMR: HR-HR
(AMR-HR in both legs)

5. FR-FR

(FR in both legs)

6. HR-HR

(HR in both legs)

Number 1 is the best and number 6 the worst.

The Preference_List given above contains all the possible TFO combinations. If a combination does not exist for the call, it shall be removed from the Preference_List. This Preference_List shall be up-dated if a new Local_Codec_List or Distant_Codec_List is received. Similarly in case of AMR the Preference_List shall be updated if the local or distant SCS is modified
The Resolution of a Codec_Type Mismatch and/or Optimization shall be performed by taking the best available combination of the Preference_List. If the Preference_List is empty, then TFO is not possible.

The two AMR channel modes, FR and HR, lead to four combinations that need to be considered:
AMR (local) – AMR (distant): FR-FR, FR-HR, HR-FR and HR-HR (FR means AMR with TCH/F and HR AMR with TCH/H).

If the two combinations FR-HR and HR-FR have the same common ACS (CACS), then they are considered equivalent in terms of speech quality. At the same time it is obvious that a combination FR-FR exists with at least the same Codec_Modes. The FR-FR combination gets preference according to the Preference_List.

If the two combinations FR-HR and HR-FR have two different CACSs, then they shall be ranked by the following additional rule:

1. The combination with the highest number of modes in the CACS shall be selected;

2. If they have the same number of modes, then the combination with the widest spread shall be selected. The spread is the difference between the highest and lowest mode indexes.

3. If the spreads are identical, then the combination with the highest mode among the two common ACS shall be selected.
4. if the highest mode are identical, repeat 3 with the second highest. If the second highest are identical, repeat with the third highest.

The following table identifies few cases where a Tandem configuration between a full range AMR and a fixed codec is considered preferable to a TFO configuration on a fixed codec.
Table 1/§11: Scenarios where Tandem configuration is prefered
Distant Codec (Fixed)
Local Codec Type (AMR_FR)
Local Codec Type (AMR_HR)

IS 136 EFR (IS 641) 7.4 kbit/s
TFO on IS 641 7.4 preferred
Tandem preferred

GSM EFR
Tandem preferred
TFO not possible

11.3
Preferred Codec

The Preferred_Codec_Type is intended to be used (e.g. by TCMEs) for optimizing the transmission saving, without loss in speech quality, after TFO has been set up.

If the received Preferred_Codec_Type is included in the Local_Codec_List, then it shall be used as the new Used_Codec_Type. If it is not, the received Preferred_Codec_Type shall be ignored. 
It is assumed that all TCMEs support the full set of eight different AMR Codec_Modes, including DTX and 8 and 16 kbit/s TFO frame formats. For this reason, a common ACS will always exist between any TRAU and any TCME.

12
Common ACS and Optimal ACS for AMR
12.1
Common ACS for Immediate TFO setup

When AMR is used on both sides, TFO shall be established immediatly if the local and distant ACSs fulfill the rules defined below. The Common ACS shall be updated each time a new local ACS or a new distant ACS is available. 

The common ACS shall be built from the local ACS, reported in UL_TRAU frames and distant ACS, reported in the received TFO messages. The CACS contains all modes common tothese two ACSs .

If the common ACS is not acceptable (see section 12.3.3), immediate TFO setup is impossible. Mismatch and optimisation handling has to be applied (see clause 12.2) after the full set of TFO parameters has been exchanged. The Optimized ACS (OACS) shall then be calculated.
If the Common ACS is acceptable, and the contiguity rule (see subclause 12.3.3) is fulfilled, TFO can be immediately established on the CACS. Further optimization may be done according to clause 12.2 after TFO setup and when the full set of TFO parameters has been exchanged.. If the contiguity rule is not fulfilled, immediate TFO is not possible.
12.2
General principles for AMR TFO optimization

AMR TFO Optimization shall take place in two situations:

· After immediate TFO setupe, while TFO is ongoing.

· When Immediate TFO setup is impossible.

In these cases, the TRAU shall wait for the complete distant configuration and forward it to the BSS in the TRAU frames.The BSS shall then apply the following rules to find the OACS.

The determination of the optimal ACS is performed for all different possible combinations of AMR Codec Types, i.e. FR/FR, FR/ HR, HR/ HR, and HR/FR.

When it is not possible to find a common ACS (CACS) for one of the combinations, then it shall not be considered in the Preference_List (see sub-clause 11.2.).

The first step is to determine the Common SCS containing all modes common to the local and the distant SCS. If the CSCS is empty then the corresponding AMR Codec Type combination shall not be considered. . The next step is to determine the common MACS equl to the minimum value of the local and distant MACS.The last step is to determine the optimal ACS. (see sub-clause 12.3).

The aceptability rule for the Optimal ACS is defined in sub-clause 12.3.3.
12.3 


12.4 

12.3
Determination of the Optimal Common Active Codec Set

12.3.1
Preliminary rule

If the CMACS is bigger than the number of modes in the CSCS all the modes of the CSCS are retained otherwise the rules of the next sub-clauses apply.

12.3.2
Clustering of the AMR modes

The AMR modes are clustered according to the speech quality, which can be achieved and depending on the traffic channels, which are used, i.e. TCH/F or TCH/H.

12.3.2.1
AMR-FR/AMR-FR

The AMR modes in TCH/F are ranked as described in the following table :

Table 2/§11: Clustering of the AMR FR modes

A
B
C
D
E

12,2 10,2
7,95
7,4 6,7
5,9
5,15 4,75

The CSCS is then described according to this table. For example if the CSCS is 12,2 - 7,95 - 7,4 - 6,7 and 4,75 it becomes ABCCE.

12.3.2.2
AMR-FR/AMR-HR & AMR-HR/AMR-HR

This sub-clause is also valid for AMR-HR/AMR-FR. The AMR modes are ranked as given the following table:

Table 3/§11: Clustering of the AMR HR modes

A
B
C
D
E

7,95 7,4
6,7
5,9
5,15
4,75

12.3.2.3
Optimal Active Codec Set (OACS)

When a mode is retained it is incorporated in the OACS. When a mode is removed from the CSCS it is meant that this mode shall not be consider for the determination of the following modes of the OACS.

The order of consideration of the modes is expressed in term of cluster name. When there are two modes of a same cluster as in the example given in sub-clause 12.3.2.1 both shall be considered. An additional rule is given to determine which one of the two must be retained for the OACS.

The rules given in the following apply to all AMR combinations.

CMACS equals 1:

The selected mode is determined by going through the CSCS in the following order CBDEA. When there are two modes in one cluster the one with the lowest rate is retained. It stops as soon as one mode is found.

CMACS equals 2:
The first mode is determined by going through the CSCS in the following order DECBA. When there are two modes the one with the lowest rate shall be retained. It stops as soon as a mode is available .The retained mode is removed from the CSCS.

The second mode is determined by going through the CSCS in the following order BACDE. When there are two modes of one cluster the one with the highest rate shall be retained. It stops as soon as a mode is available.

CMACS equals 3:
The first mode is determined by going through the CSCS in the following order ABCD. When there are two modes the one with the highest rate shall be retained. It stops as soon as a mode is available. The retained mode is removed from the CSCS.

The second mode is determined by going through the CSCS in the following order EDCB. When there are two modes the one with the lowest rate shall be retained. It stops as soon as a mode is available. The retained mode is removed from the CSCS.

The third mode is determined by going through the CSCS in the following order CBDEA. When there are two modes available for a cluster the one with the lowest rate is retained.

CMACS equals 4:

The first mode is determined by going through the CSCS in the following order ABC. When there are two modes the one with the highest rate shall be retained. It stops as soon as a mode is available. The retained mode is removed from the CSCS.

The second mode is determined by going through the CSCS in the following order EDC. When there are two modes the one with the lowest rate shall be retained. It stops as soon as a mode is available. The retained mode is removed from the CSCS.

The third mode is determined by going through the CSCS in the following order CBDEA. When there are two modes available for a cluster the one with the lowest rate is retained. The retained mode is removed from the CSCS.

The fourth mode is determined by going through the CSCS in the following order DBCAE. When there are two modes available for a cluster the one with the lowest rate is retained.

12.3.3
Acceptability of the Optimized Active Codec Set 

The OACS selected by the previous subclause and any CACS shall verify the following acceptability rule:

Acceptability Rule:
The different clusters are assigned to different weights: A 1, B 2, C 3, D 4 and E 5.

The different modes of the LACS, DACS and CACS are weighted according to the cluster they belong to.

The folowing means are computed:
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LMACS is the number of codec modes flaged in the Local ACS (LACS). DMACS is the number of codec modes flaged in the Distant ACS. CMACS is the number of codec modes flaged in the Common ACS (CACS).

LACS(i) is the weight of the ith codec mode flaged in the Local Active Codec Set; respectively DACS(i) and CACS(i) are the weigths of the ith codecs flaged in the Distant ACS and the Common ACS.

In consequence ML, MD and MC are weighted average modes for the Local, Distant and Common ACS.

The Acceptability rule is applied using the Local and Distant AMR configurations. Consequently both Local and Distant BSS process the Acceptability rule using the same inputs.

The acceptability rule consists of:

If CMACS equals 1 then

If 
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then the CACS is not accepted.

Else

If 
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 then the CACS is not accepted.
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 then the CACS is not accepted.

Else the CACS is accepted.

End
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It is assumed that CMACS is never nul. In case it is there’s no CACS.

Furthermore, to establish immediate TFO setup, CACS shall verify the contiguity rule:

Contiguity Rule:
All modes of CACS shall be contiguous within (local) ACS.

Example A: Rule of contiguity is fulfilled
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Example B: Rule of contiguity is not fulfilled
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It can happen that CACS for Immediate TFO setup does not verify the contiguity rule but a subset of this CACS does. In that case, CACS is restricted to this subset to establish immediate TFO setup. If several subset verify the rule, the one with the most number of modes is chosen. If several could be chosen, the subset with the lowest mode will be chosen. 

NOTE 1:
This rule is directly related to the link-adaptation, which does not allow a jump in the codec list.

NOTE 2: 
The codec numbering on the Abis is absolute on the Abis link but not on the radio. BTS shall take care of this and change the codec numbering at the same time it change ACS (into CACS) on the Abis link. The MS is not aware of the change, it does not see anymore CMC outside the CACS. RATSCCH need not to be used. 

12.4
Location of the determination of the Common and Optimized Active Codec Set

12.4.1
Locations for the immediate TFO Setup

The determination of the CACS for immediate TFO_Setup shall be in the BTS and in the TRAU. The BTS shall not change the MS ACS. The BTS shall restrict the adaptation within the CACS, which is actually a sub-set of the MS ACS. When this change of ACS is completed this is signalled to the TRAU by modifying the ACS field of the TFO parameters conveyed by the UL TRAU frames. The TRAU has previously determined what shall be the CACS for TFO_Setup. When the CACS as determined by the TRAU is also present in the ACS field previously mentioned then the TRAU shall enter in the Konnect State. (The ACS should not be changed by the BTS. The section should be moved to another section).
12.4.2
Locations for the AMR TFO optimization

The AMR TFO optimization as described in sub-clauses 12.2 to 12.3 shall be located for Codec Type Mismatch and optimization in the BSC.

The AMR Codec Mode mismatch and optimization can be  located in the BSC and/or BTS.

If this is delegated to the BTS by the BSC (see GSM 08.58) the AMR_TFO optimization shall be in the BTS.

13
AMR Configuration mismatch and Optimization 

The resolution of the AMR_Configuration Mismatch is based on similar principles as the Codec_Type Mismatch resolution (chapter 11) . The rules defined in chapter 12 may result in a common ACS (CACS) on both BSSs, based on the ACSs, respectively in a optimal ACS (OACS) based on the SCSs. These rules shall always be mandatory in the TRAU, then optional also in the BTS and finally optional in the BSC, or all three.


Definition: Optimisation Mode (transmitted in TFO_REQ and TFO_ACK):
a) 00: No change of ACS supported by BTS or BSC
b) 01: Change of ACS is supported, but in a slow way, either by handover or BSC_initiated RATSCCH
c) 10: fast RATSCCH modification is authorised to BTS.

This gives 3*3=9 possible cases for the first TFO “contact”: 
At reception of TFO_REQ (TFO_ACK) with AMR and the Optimisation_Mode in the ACS Extension.


1) Both sides do not support change of ACS:
Then the CACS == OACS and the acceptability and contiguity can be checked immediately and the decision, whether to go to TFO or not can be done immediately. 

a) Easy case, TRAU only:
If the CACS is identical to the ACSs on both sides (perfect match), then the TRAUs shall immediately go into TFO as for any other Codec Type. This is the simplest and fastest TFO setup. 
It should work well within one operators network.

Immediate TFO Setup is also possible, if the CACS is acceptable and is a contiguous subset of the ACSs, including the lowest modes of both ACSs. In that case the TRAU shall sent no CMR downlink higher than the highest mode of the CACS. The TRAUs can restrict the maximum rate to the CACS. This case is for example important for TFO between FR_AMR and HR_AMR and may as well result immediately in the optimal ACS. Also this should work well within one operators network.

b) Easy case, BTS support needed: 
If the CACS is acceptable and is a contiguous subset of both ACSs, but not including the lowest mode of one of the ACSs, then the BTSs are able to control the link adaptation without reconfiguring the MS. Thus fast TFO setup is possible, after the BTS has sent the CACS back to the TRAU. This TFO setup is still fast and optimal. No distant SCS needs to be exchanged, it should be identical to the ACS.

Note 1: TFO is permanently run with a lower Codec Mode in the ACS of the MS that is not allowed in the CACS. But the MS does not know about it! Typically the BTSs can control this, except in case of transmission errors. Then the CMI in uplink may go down to this forbidden Codec Mode for a short while, resulting in muting for that short period (40ms). An “intelligent” MS implementation could learn this over time by observing the CMCs.

Note 2: The TCMEs in this case may try to lower the CMR on the path to the forbidden Codec Mode, but the BTSs shall not accept this and shall set the CMC to the lowest allowed mode in the CACS. In fact this is similar handled like a transmission error in TFO or TRAU  Frames, resulting in a forbidden Codec Mode.


2) Both sides support BTS authorised RATSCCH: 
Whenever at least one common codec mode exists, immediate TFO Setup shall be done with the CACS. Then exchange SCS by fast TFO Configuration frames, define the optimal OACS and do a RATSCCH based optimisation on both air interfaces and on TRAU and TFO interfaces (to be described still, e.g. by inventing a “Ratscch_Req” in addition to the Con_Req), within TFO, finally release the adaptation.


3) All the other cases (slow mode change at least at one side or no change at one side)
Here we do not know  the SCS from the beginning and therefore the OACS is not known. On the other hand we could not prevent a later change. Therefore it is not recommendable to go quickly into TFO, because a change of the ACS in TFO would mean loss of speech communication. So first the SCS shall be exchanged and based on that the OACS can be determined. The change of the ACSs can be made independently. The TFO setup is performed. No fast TFO Setup is possible, but TFO is likely after optimisation.


In all cases the BSC is finally informed about TFO and the active configuration and the distant configuration parameters.

The configuration of the AMR codec is changed using one of the three methods listed in the sub-clause 8.3.2.1. This solves the point ( of the list provided in the sub-clause 8.3.2.
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