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ABSTRACT

The performance of digital mobile radio systems is often evaluated by BER (Bit Error Rate). Although BER is
the major performance indicator, the performance needs to be analyzed further in terms of the probability of call
access, call blocking and speech quality. This paper presents the measurements of speech quality performance in
various channel conditions, by making use of the GSM (Global System for Mobile Communications) simulator and
RPE-LTP GSM speech codec, all developed for the investigation. For each channel condition, the channel-corrupted
speech file was evaluated by 10 listeners and its speech quality was quantified in terms of MOS (Mean Opinion
Score). The results show that in a typical urban area, speech quality is either excellent or acceptable at the SNR
of 12 dB. In hilly terrain or a rural area, however, unsatisfactory speech quality has been obtained at the SNR of
12 dB, due to either large time dispersion or high fading rate.
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Fig. 2 (a) The Channel model in a typical urban area
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Fig. 2 (b) The Channel model in hilly terrain
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Fig. 2 (c) The Channel model in a rural area
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Table 1. Descriptions in the Mean Opinion Score (MOS)

Rating | Quality {Listening efforts

Excellent | clearly understood with no effort
Good |understood with no appreciable effort
Fair | understood with moderate effort
Poor | marginally understandable with considerable effort
Bad | No meaning understood with any feasible effort
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Table 2. Speech quality in a typical urban area for various
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Table 6. BER in hilly terrain for various channel scenarios

. Wideband Wideband | Widebaod
g | e | Nemowbend | o) | (1 itererer) | 3 iererer)

(dB) | ggr [BER | BER | BER | BER | BER |@B)| BER | BER | BER | BER
e 2| () | €2) | () | (D) ) | €2) | ) |

8(4) (0.0052{0.0501} 0,038 (0.0718[0.0584]0.0729] 8 0.099110.0914}0.1136/0.0992

Wideband Wideband | Wideband
(no interferer) (gg (1 interferer) | (3 interferers)
MOS-L| STD MOS-L| STD MOS-1] STD | MOS-H| STD MOS-L STD
84)| 333 [0.78] 1.84 [0.85[ 235 [ 061 {8 | 141|061} 175|082
12(8)| 4.88 |0.29] 3.21 [0.75] 4.05 | 0.79 | 12[ 299 | 0.84  3.63 | 0.86
16(12) 4.95 |0.16] 4.08 |0.88] 4.74 | 0.45 | 16| 4.50 | 0.65 [ 4.75 | 0.50

SNR| Static | Narrowband
(dB)

(MOS-L& ©l8i=3 9] MOS 34, STD& EFHAD
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Table 3. Speech quality in hilly terrain for various channel
scenarios

Wideband Wideband | Wideband
(no interferer) Cli (1 interferer) |(3 interfeters)
MOS-L] STD MOS-L| STD MOS-1 STD ( MOS-l{ STD MOS-L STD
8(4){3.21 (0.81} 1.76 0.85F 165|069 |8 | 131 ]059 [ 1.33 {061
12(8)] 4.83 10.38] 3.3910.77| 2.8 | 0.82 | 121245067271 |0.77
16(12)] 4.90 |0.32( 4.36 [0.62] 3.59 1 0.75 [ 16| 3.64 | 0.68 | 3.34 | 0.72

sNR| Static [ Namowband
(B

(MOS-L2 oj3fxx®l deje] MOS 3+, STDE EFHAY
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Table 4. Speech quality in a rural area for various channel
scenarios

Wideband Wideband | Wideband
(no interferer)] G| (1 interferer) |(3 interferers)

AR
[ab,

sNR| Static | Narrowband
(dB) ‘

MOS-L{ STD MOS-L{ STD MOS-1| STD ’ MOS-L| STD MOS-1j STD
8(4)( 3.38 10.76{ 1.71 |0.73| 1491 053 (8 | 1.33 | 0.70 | 1.26 | 0.45
12(8)| 4.83 {0.40{ 3.10 |0.7812.73 [ 0.66 | 12| 2.63 | 0.83 | 2.11 | 0.77
16(12)) 4.90 [0.32] 4.0 10.69]3.79 | 0.78 | 16 3.55 | 0.74 | 3.40 | 0.69

(MOS-L& oj#8 Qe MOS A4, STDE EZHa)
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Table 5. BER in a typical urban arca for various channel
scenarios

. [ Wideband Widband | Wideband
or| S Neovted| o duerteres) | o | 0 imererr) | imerferers)

(@B) | peR | BER {BER | BER | BER | BER |(@BY BER | BER | BER | BER
€)iE) | ] @) | &) | (D) ) | ) | &b | D)

8(4) 0.0052(0.050110.0534 0.0691 [ 0.0173 |0.0495| 8 10.069610.07680.0559(0.0774
128); 00 lO.(X)J(i0.0ll[l0.0W 0.0011 {0.0154| 12 10.0135]0.0311]0.006310.0283
16(12)( 00 l 0.0 ]0.(])17 0.0132}0.00001 [0.0036{ 16 {0.0007|0.0103|0.0001|0.0083

(BER(c1)}& 17 HES] HWEQ &, BER(2)E 27 ¥|ES] ¥ELS)
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128)| 0.0 1000301 0.0074 [0.0326{0.0142|0.0361} 12 |0.02600.0457{0.0263]0.0465

1612} 00 | 00 lO.(X)IO 0.014510.0035(0.0183 16 10.0055(0.0232{0.00640.0231

B 7. AdAdlMe] Ao me vEE

Table 7. BER in a rural area for various channel scenarios

. Wideband Widehand | Wideband
ong | Seie | Mamosted | oo imerfere)| o | (1 imerterer) |3 interfeer)

(dB) | ggR [BER | BER | BER | BER | BER |(4B)| BER | BER | BER | BER
) E)] ch) | €@ | ) | D) ) | €2) | D) | (2

8(4) [0.005240.0501; 0.0620 {0.0763|0.0478|0.0718| 8 |0.0868/0.0941{0.1008)|0.0975

123) 00 0.(1)3(4 0.012310.0376|0.0109;0.0407( 12 }0.0206(0.0518(0.0234|0.0529

16(12)f 00 | 00 !0.(1)27 0.0224(0.0037(0.0266| 16 10.0057]0.0310|0.0053{0.0318
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Table 8. Speech quality with different sentences

Wideband (no interferer)
f:Bl; GSMTU GSMHT GSMRA
MOS-L| STD |MOS-L| STD |MOS-L| STD
8(4) 220 | 09 1.50 | 0.52 1.20 | 042
12(8) 4.00 0.94 3.05 0.49 2.80 0.719
16(12) | 4.70 0.48 420 0.63 3.60 0.69

(MOS-L : ojall=8 d%e] MOS A<, STD: BFHal GSMTU : &4
GSMHT : A7k, GSMRA : AgAt)
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