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1.2
Abbreviations

For the purposes of the present document, the following abbreviations apply. Further GSM related abbreviations are listed in GSM 01.04.

AMR
Adaptive Multi-Rate
AMR-WB
Adaptive Multi-Rate Wideband

ACS
Active Codec Set

CMC
Codec Mode Command

CMI
Codec Mode Indication

CMR
Codec Mode Request

ICM
Initial Codec Mode

RATSCCH
Robust AMR Traffic Synchronized Control Channel

2
General

The present document gives the detailed requirements for the correct operation of in call service specific link adaptation and control for GSM services implemented in GSM Mobile Stations (MS)s and Base Station Systems (BSS)s.

In this specification the term AMR refers to both narrow-band and wide-band AMR codecs if not otherwise stated.

For the Adaptive Multi-Rate (AMR) speech service, the detailed description and requirements for the associated inband signaling, AMR codec mode adaptation, and AMR codec configuration are given.

An inband signaling channel is defined for AMR which enables the MS and the BTS to exchange messages on applied or requested speech and channel codec modes. Codec mode adaptation for AMR is based on received channel quality estimation in both MS and BTS, followed by a decision on the most appropriate speech and channel codec mode to apply at a given time.

The overall operation of AMR, in terms of used codec modes as well as general adaptation behaviour is controlled by the network.

3.1.1
Operation without Tandem Free Operation

A high-level block diagram of the complete AMR system is depicted in figure 1. The system consists of the major components TRAU and BTS on the network side and the MS. On the network side, speech encoder (SPE) and channel encoder (CHE) as well as channel decoder (CHD) and speech decoder (SPD) are connected via the serial A-bis interface. For each link, quality information is derived by estimating the current channel state. Based on the channel state,  and also taking into consideration possible constraints from network control, the codec mode control, which is located on the network side, selects the codec modes to be applied.

The channel mode to use (TCH/AFS, TCH/AHS or TCH/WFS) is controlled by the network. Uplink and downlink always apply the same channel mode.

For codec mode adaptation the receiving side performs link quality measurements of the incoming link. The measurements are processed yielding a Quality Indicator. For uplink adaptation, the Quality Indicator is directly fed into the UL mode control unit. This unit compares the Quality Indicator with certain thresholds and generates, also considering possible constraints from network control, a Codec Mode Command indicating the codec mode to be used on the uplink. The Codec Mode Command is then transmitted inband to the mobile side where the incoming speech signal is encoded in the corresponding codec mode. For downlink adaptation, the DL Mode Request Generator within the mobile compares the DL Quality indicator with certain thresholds and generates a Codec Mode Request indicating the preferred codec mode for the downlink. The Codec Mode Request is transmitted inband to the network side where it is fed into the DL Mode Control unit. This unit generally grants the requested mode. However, considering possible constraints from network control, it may also override the request. The resulting codec mode is then applied for encoding of the incoming speech signal in downlink direction. Both for uplink and downlink, the presently applied codec mode is transmitted inband as Codec Mode Indication together with the coded speech data. At the decoder, the Codec Mode Indication is decoded and applied for decoding of the received speech data.
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Figure 1: High level AMR block diagram

Codec mode selection is done from a set of codec modes (ACS, Active Codec Set), which may include 1 to 4 AMR codec modes. Associated with this set is a list of 1 to 3 switching thresholds and hysteresis used by the DL Mode Request Generator and the UL mode control unit to generate the Codec Mode Requests and Codec Mode Commands. These configuration parameters (ACS, thresholds, hysteresis) are defined at call set-up and can be modified at handover or during a call.

3.2.1.3
Transmitter/Receiver Synchronisation

The alternating transmission of the codec mode information requires synchronisation of transmitting and receiving ends, such that Codec Mode Indications and Codec Mode Commands/Requests are decoded in correct order. To ensure proper synchronisation, the codec mode information shall be transmitted aligned to the (SACCH) multi-frame structure of the GSM system.

For TCH/AFS and TCH/WFS, the default transmission phase shall be such that Codec Mode Indications are sent aligned with TDMA frame 0 in the uplink and with TDMA frame 4 in the downlink as defined in GSM 05.02 [3]. For TCH/AHS, the default transmission phase shall be such that Mode Indications are sent aligned with TDMA frame 0 or 1 depending on the subchannel in the uplink and with TDMA frame 4 or 5 depending on the subchannel, in the downlink, as defined in GSM 05.02 [3].

This default phase of the Codec Mode Indication in downlink direction is called "odd", the alternative phase, one speech frame shifted, is called "even". The phase in uplink is always the same and is never changed.

At call set-up and after every handover the default phase (odd) shall be used in downlink direction. During a call, the phase of Codec Mode Indication may be changed in downlink by using a RATSCCH message. In case of handover failure and fall back to the BTS before the handover attempt, the phase before the handover attempt shall be used again.

3.2.2.1
General aspects

The RATSCCH mechanism may be used in case of Tandem Free Operation to modify the AMR Configuration on the radio interface without interruption of the speech transmission. Its application for TFO is described in GSM 08.62. This recommendation defines the RATSCCH protocol and the RATSCCH messages. The channel coding is defined in GSM 05.03 and the receiver performance in GSM 05.05. RATSCCH handling is mandatory for MS and optional for BTS.

RATSCCH is based on frame stealing. On TCH/AFS and TCH/WFS, one speech frame is stolen for each RATSCCH message, and on TCH/AHS two speech frames are stolen. In TCH/AHS RATSCCH is mapped onto two consecutive speech frames, the RATSCCH_MARKER and the RATSCCH_DATA. Both shall be sent always as one pair.

FACCH frames have higher priority than RATSCCH frames. If  FACCH and RATSCCH are scheduled for transmission for the same speech frame, then the FACCH shall be sent first, followed by the RATSCCH. If the RATSCCH is delayed due to FACCH, then the appropriate counters (see 3.2.2.2) shall also be started one (TCH/AFS and TCH/WFS) respectively two (TCH/AHS) frames later. If in the case of TCH/AHS, FACCH steals the second frame of one RATSCCH message (RATSCCH_DATA), the complete RATSCCH message (RATSCCH_MARKER and RATSCCH_DATA) shall be sent following the FACCH frame.

Annex A (informative):
Example Solution for Link quality estimation

Link adaptation is based on a normalized measure C/Inorm of the carrier to interferer ratio. This measure is composed of an estimate of the actual carrier to interferer ratio C/Iest  (or equivalently the actual C/N). For ideal FH-hopping channels in a typical urban environment no further adjustment or normalization is required, as described in section 3.3.1.

C/I estimates are derived by taking C and I measurements burst by burst from the equaliser algorithm. Intermediate processing results of the equaliser are estimates of the “useful” received signal and the received noise or interference signal. Taking the ratio of the energies of both signals gives a C/I estimate for the present burst.

The further processing of the burst-wise C/I estimates is as follows:

-
The C/I estimates are converted to dB.

-
Then FIR filtering is done with non-adaptive filters of order 100 for FR and 50 for HR channels (Filter coefficients are given in Table 1 and Table 2, which is read left to right line by line). The purpose of the filter is smoothing and prediction such that the filter output is an estimate of the expected C/I at the time instant for which the link adaptation operation, i.e. the codec mode selection, becomes effective.

Table 1: Filter coefficients of C/I measuring filter for TCH/AFS and TCH/WFS
	0.02737
	0.02692
	0.02643
	0.02573
	0.02527
	0.02499
	0.02448
	0.02393
	0.02335
	0.02286

	0.02240
	0.02203
	0.02158
	0.02106
	0.02072
	0.02032
	0.01993
	0.01956
	0.01923
	0.01877

	0.01825
	0.01782
	0.01743
	0.01715
	0.01682
	0.01642
	0.01614
	0.01566
	0.01520
	0.01489

	0.01465
	0.01422
	0.01382
	0.01340
	0.01303
	0.01273
	0.01236
	0.01205
	0.01178
	0.01141

	0.01102
	0.01068
	0.01031
	0.00998
	0.00958
	0.00928
	0.00909
	0.00882
	0.00854
	0.00827

	0.00800
	0.00784
	0.00757
	0.00729
	0.00693
	0.00659
	0.00629
	0.00601
	0.00586
	0.00565

	0.00540
	0.00510
	0.00491
	0.00473
	0.00464
	0.00443
	0.00424
	0.00397
	0.00385
	0.00360

	0.00351
	0.00311
	0.00290
	0.00269
	0.00232
	0.00204
	0.00180
	0.00165
	0.00137
	0.00119

	0.00098
	0.00073
	0.00052
	0.00031
	0.00006
	-0.00018
	-0.00027
	-0.00034
	-0.00043
	-0.00064

	-0.00079
	-0.00104
	-0.00107
	-0.00122
	-0.00146
	-0.00162
	-0.00183
	-0.00195
	-0.00208
	-0.00232

	-0.00253
	
	
	
	
	
	
	
	
	


Table 2: Filter coefficients of C/I measuring filter for TCH/AHS

	0.03998
	0.03903
	0.03781
	0.03650
	0.03513
	0.03406
	0.03296
	0.03223
	0.03116
	0.03036

	0.02911
	0.02832
	0.02756
	0.02682
	0.02585
	0.02524
	0.02441
	0.02368
	0.02277
	0.02194

	0.02118
	0.02032
	0.01923
	0.01837
	0.01788
	0.01712
	0.01636
	0.01544
	0.01474
	0.01431

	0.01370
	0.01297
	0.01263
	0.01221
	0.01181
	0.01135
	0.01080
	0.00974
	0.00919
	0.00836

	0.00790
	0.00748
	0.00681
	0.00647
	0.00613
	0.00558
	0.00534
	0.00494
	0.00436
	0.00403

	0.00351
	 
	 
	 
	 
	 
	 
	 
	 
	 


Annex B (informative):
Example Definition of Mode Command/Request decision thresholds

Following Table 3 gives an example definition of Mode Command/Request decision thresholds for the TCH/AFS traffic channel employing a codec mode set which contains the 12.2 kbit/s, the 7.95 kbit/s, and the 5.9 kbit/s codec modes. Table 4 gives an example definition of Mode Command/Request decision thresholds for the TCH/AHS traffic channel employing a codec mode set which contains the 7.95 kbit/s, the 6.7 kbit/s, the 5.9 kbit/s, and the 5.15 kbit/s codec modes. Table 5 gives an example definition of Mode Command/Request decision thresholds for the TCH/WFS traffic channel (with 16kbit/s Abis sub multiplexing) employing a codec mode set which contains the 14.25 kbit/s, the 12.65 kbit/s, the 8.85 kbit/s, and the 6.60 kbit/s codec modes. Table 6 gives an example definition of Mode Command/Request decision thresholds for the TCH/WFS traffic channel employing a codec mode set which contains the 18.25 kbit/s, the 14.25 kbit/s, the 12.5 kbit/s, and the 6.60 kbit/s codec modes.
Table 3: MC/MR decision thresholds for TCH/AFS

	MC’/MR’
	THR_MC_Dn(MC’)/
THR_MR_Dn(MR’)
	THR_MC_Up(MC’)/
THR_MR_Up(MR’)

	12.2 kbit/s
	11.5 dB
	+ (

	7.95 kbit/s
	6.5 dB
	13.5 dB

	5.9 kbit/s
	( (
	8.5 dB


Table 4: MC/MR decision thresholds for TCH/AHS

	MC’/MR’
	THR_MC_Dn(MC’)/
THR_MR_Dn(MR’)
	THR_MC_Up(MC’)/
THR_MR_Up(MR’)

	7.95 kbit/s
	15.0 dB
	+ (

	6.7 kbit/s
	12.5 dB
	17.0 dB

	5.9 kbit/s
	11.0 dB
	15.0 dB

	5.15 kbit/s
	( (
	13.0 dB


Table 5: MC/MR decision thresholds for TCH/WFS (with 16kbit/s Ater sub multiplexing)

	MC’/MR’
	THR_MC_Dn(MC’)/
THR_MR_Dn(MR’)
	THR_MC_Up(MC’)/
THR_MR_Up(MR’)

	14.25 kbit/s
	14.0 dB
	+ (

	12.65 kbit/s
	10.0 dB
	16.0 dB

	8.85 kbit/s
	  7.0 dB
	12.0 dB

	6.60 kbit/s
	( (
	  9.0 dB


Table 6: MC/MR decision thresholds for TCH/WFS

	MC’/MR’
	THR_MC_Dn(MC’)/
THR_MR_Dn(MR’)
	THR_MC_Up(MC’)/
THR_MR_Up(MR’)

	18.25 kbit/s
	16.0 dB
	+ (

	14.25 kbit/s
	14.0 dB
	18.0 dB

	12.65 kbit/s
	10.0 dB
	16.0 dB

	6.60 kbit/s
	( (
	12.0 dB
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