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Fast Adaptation Mechanisms
for 8PSK Speech Bearer

1. Introduction

Fast Power Control (FPC) mechanism has been specified for 8PSK data channels (ECSD) in the R99 of GSM specifications. When new 8PSK conversational radio bearers are specified in GERAN R00, there is an opportunity to adopt such a mechanism for the 8PSK speech channels. 

The purpose of this document is first to introduce the scenarios where it is benefitial to use FPC for speech traffic channels. Then the FPC mechanism as it was defined for ECSD, is presented. And finally in the third section, a FPC mechanism for speech is proposed.

2. Scenarios for the fast Power control

2.1 Tandem free operation

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. An inband signaling channel is defined which enables the MS and the BTS to exchange messages on applied or requested speech and channel codec modes [1].

AMR codec mode adaptation mechanism has been defined for use in the following cases:

1) Operation without Tandem Free Operation, 

2) Operation with ongoing Tandem Free Operation, and

3) Operation at handover with ongoing Tandem Free Operation

In the first scenario, AMR codec mode adaptation mechanism is applied independently on each radio link (in case of MS-to-MS calls).

In the second and the third scenarios, it is required that the same active codec set is applied on each link. The signalling and the associated delay makes the codec mode adaptation mechanism less efficient than in the first scenario. In addition, although the codec mode used in one direction may be different from the one used in the other direction, the codec mode has to be the same for one given direction. In both UL and DL, the same codec had to be used from one MS to the other MS. The choice of the mode can be optimal for one end, but at the same time can be non-optimal at the other end. As a matter of fact, the channel conditions for the two MSs may be different. That makes the codec mode adaptation less efficient. 

In these two cases, it is attractive to consider the fast power control mechanism, which can be employed independently in both directions and in both ends.

2.2 Voice over IP

For GERAN R00 an optimized speech bearer is being defined to support Voice over IP using AMR as a speech codec. Defining VoIP for GERAN enables transparent VoIP based calls to any terminal. But when the call is made to (or from) a terminal which is a fixed IP based terminal (for instance a PC with VoIP application), the roundtrip delay may be too high to employ AMR codec mode adaptation efficently. In this case as well, the fast power control mechanism could be considered. 

3. Fast power control in ECSD

This section describes how the fast power control is defined for ECSD [2]. Note that the specific algorithm to be used for fast power control is, as it is the case for normal power control, implementation dependent and thus not standardised.

3.1 Timing

The basic timing cycle for the fast power control mechanism is the FPC reporting period of length 4 TDMA frames (20ms), which is mapped onto the 26-multiframe as depicted in Figure 1. Normal power control reporting period is 480ms. FPC is therefore 24 times faster.
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Figure 1. Fast Power Control Mapping
DL measurements made during RP(n) shall be reported to the network during the next occurance of RP((n+2) mod 6). For instance DL measurements made during RP0 will be reported during RP3. 

Power control commands received from the network during RP(n) are effectuated on the corresponding UL channel during the next occurance of RP((n+1) mod 6). For instance power control command received during RP4 will be effectuated during RP5. 

3.2 Signal Quality Reporting

For FPC, the received signal quality for each E-TCH shall be measured by the MS and BSS in a manner that can be related to the average BER before channel decoding, assessed over one FPC reporting period. For example, the measurement can be made as part of the channel equalization process, decoding process, pseudo-error rate measurement, etc…

The average BER shall for every FPC reporting period be mapped to the RXQUAL scale according to Table 1, producing the parameter RXQUAL_FAST which is reported to the network via E-IACCH in the uplink.

RXQUAL_FAST
BER


Range
Assumed Value

RXQUAL_0
< 0.2%
0.14%

RXQUAL_1
0.2% ( 0.4%
0.28%

RXQUAL_2
0.4% ( 0.8%
0.57%

RXQUAL_3
0.8% ( 1.6%
1.13%

RXQUAL_4
1.6% ( 3.2%
2.26%

RXQUAL_5
3.2% ( 6.4%
4.53%

RXQUAL_6
6.4% ( 12.8%
9.05%

RXQUAL_7
> 12.8%
18.10%

Table 1. RXQUAL_FAST levels
3.3 Power control command

The power control commands (listed in Table 2) are sent by the BTS to the MS via E-IACCH in the downlink. FPC allows quick increase or decrease of the power level while normal power control has to adjust power level by 2 dB step every 60 ms.

Codeword
Power control command

0
Not used

1
Increase output power by four power control levels

2
Increase output power by three power control levels

3
Increase output power by two power control levels

4
Increase output power by one power control level

5
No  output power level change

6
Decrease output power by one power control level

7
Decrease output power by two power control levels

power control level are defined in [3]

Table 2. Downlink Fast Power Control commands
3.4 E-IACCH Channel coding

E-IACCH conveys signal quality report in the UL, and power command in the downlink. For the channel coding of these two three-bit channels, the codewords of Table 3 are used [4]. Two 8-PSK modulated stealing symbols, which are placed just before and after the training sequence in the burst structure, are used to carry these 24 inband signalling bits per 20ms period (4 consecutive bursts).

Data
Codeword

000
000000 000000 000000 000000

001
001111 110100 100101 110100

010
011100 010111 111001 100011

011
010011 100011 011100 010111

100
100110 011001 110110 001101

101
101001 101101 010011 111001

110
111010 001110 001111 101110

111
110101 111010 101010 011010

Table 3. E-IACCH channel coding
3.5 Interworking between normal and fast power control

Interworking between normal and fast power control in the ECSD mode is done so that the normal power control may be running even if fast power control is activated. This means that both the BSS and the MS shall, at all times when in dedicated ECSD mode, estimate the radio link quality plus send power level commands and link quality reports respectively based on the cycle of the reporting period of length 104 TDMA frames (as specified in subclause 8.4). When FPC is activated though, the power level commands sent via SACCH are ignored by the MS. Through this, a switch back to normal power control can be done very easily since the MS always knows what power level to use immediately after a switch. Switching between the normal power control mechanism and FPC is done via signalling in the SACCH L1 header, and always takes place at the beginning of a reporting period. The figure below illustrates the simultaneous operation of the two power control mechanisms and their respective functional blocks.
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Figure 2. Interworking between fast and normal power control
4. Fast Power Control for 8PSK Speech Bearers

4.1 Interworking with AMR link adaptation

The fast power control would not replace the codec mode adaptation, instead, both mechanisms should be supported by the standard, and it could be left for the network vendors to apply each of these mechanisms independently, or in a coordinated manner (i.e. using AMR adaptation mechanism and fast power control at the same time). Consequently the channel coding on the physical layer should always offer the possibility for both mechanisms to occur at the same time. If one of the mechanism was not needed, it would be switched off by upper layers.

Power control and AMR link adaptation serve the same purpose but act differently. When the former one changes the conditions to improve the reception (e.g. increase the power), the latter one changes the channel coding to cope with the conditions (e.g. increase the channel coding). The AMR link adaptation actually works on top of the power control. As it is already the case with AMR link adaptation and normal power control, it is not foreseen as necessary to have an interaction between fast power control and AMR link adaptation.

4.2 Discontinuous Transmission DTX

During a normal conversation, on the average, each direction of transmission carries information about 67% of the time (a.k.a. channel activity factor). Discontinuous transmission (DTX) is a mode of operation where the transmitters are switched on only for those frames which contain useful information. Considering FPC signalling it means :

· when uplink is silent, fast signal quality reporting cannot be sent

· when DL is silent, fast power control command cannot be sent


On AMR speech traffic channels, the transmission is resumed at regular intervals during speech pauses so as to :

· update the generated comfort noise on the receive side [6]

· convey AMR in-band signalling [1]

· improve the measurement of the link quality by the radio subsystem [2]


SID_UPDATE are sent in order to resume the transmission. SID_UPDATE are coded and interleaved over four consecutive GMSK bursts [4] on both FR and HR channels. They occur at fixed schedule (see Figure 3) :

· t = 0 ms

DTX starts

· t = 2*20ms

first SID_UPDATE 

· t = 2*20ms + n*8*20ms
SID_UPDATE (update every 160ms)


 Each SID_UPDATE carries :

· in-band data for AMR link adaptation

· comfort noise parameters

· identification marker 
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Figure 3. SID_UPDATE on full rate channel
Now considering 8SPK AMR speech traffic channels, it is proposed to map the SID_UPDATE onto four consecutive 8PSK bursts instead of four consecutive GMSK bursts. Since 8PSK modulation increases threefold the capacity, the channel coding of the SID_UPDATE has to be changed. One part of the extra capacity is reserved for FPC signalling. 


Therefore in the uplink, a SID_UPDATE will carry :

· in-band data for AMR link adaptation

· Comfort Noise parameters

· identification marker 

· signal quality reporting (for FPC)


While in the downlink, a SID_UPDATE will carry :

· in-band data for AMR link adaptation

· Comfort Noise parameters

· identification marker

· power control command (for FPC)


One possible mapping is to use the stealing symbols of the SID_UPDATE in order to convey the FPC signalling. That gives 6 bits per bursts, and 24 bits per SID_UPDATE in order to transmit signal quality reporting in the uplink and power control command in the downlink.

4.3 Full Rate 8PSK Speech

On full rate 8PSK Speech channel, it is proposed to reuse the same timing and the same channel coding as the one used in ECSD for E-IACCH (Table 3). The exact mapping of this inband channel will depend on the WB-AMR burst structure.

4.4 Half Rate 8PSK Speech

Because the physical ressources available on a HR channel are two times less than for a FR channel, two options arise : 

1) follow the same approach as the AMR inband channel and decrease the channel coding of E-IACCH by two, allowing a 20ms rate. 

Data
Codeword

000
000000 000000

001
111010 011011

010
110100 111000

011
101101 010110

100
100011 110101

101
011001 101110

110
010111 001101

111
001110 100011

Table 4. E-IACCH channel coding
2) slow down FPC rate by two (40ms) and keep the same channel coding (Table 3)

The exact mapping of this inband channel will depend on the burst structure. A comparison of these two options based on both link level and network level simulations is given in [8].

4.5 Quarter Rate 8PSK Speech

Because the physical ressources available on a QR channel are four times less than for a FR channel, several options arise : 

1) divide the channel coding of E-IACCH by four allowing a 20ms rate

2) slow down FPC rate by two  (40ms) and decrease the channel coding by two

3) slow down FPC rate by four (80ms) and keep the same channel coding

Another point to consider is the efficiency of FPC on QR channels. According to the C/I requirement for QR channels [7], typical deployment scenario is low mobility and indoor areas. In such a scenario normal power control may be enough.

5. Conclusion

Tandem free operation and Voice over IP are two typical cases where the AMR link adaptation being limited, it is interesting to consider the fast power control mechanism. Based on ECSD , a FPC mechanism for the 8PSK speech bearers has been described in this document. It would not replace the AMR codec mode adaptation, instead, both mechanisms should be supported by the standard, and it could be left for the network vendors to apply each of these mechanisms independently, or in a coordinated manner.

A companion contribution [8] assesses the performance of this new scheme.
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