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1. Introduction

This study area is related to the efficiency of bandwidth utilisation by e.g.  multiplexing/header compression, resource management, and the use of segmentation. Lower speed links, such as E1, or shared higher speed links may require different techniques (e.g. header compression and multiplexing) than dedicated higher speed links.
The paper presents the simulation result and comparison of the capacity (defined by the number of voice users and that of data users a system can support simultaneously) of three protocol stacks on the Iub. AAL2/ATM is as a reference. Two other low-overhead protocol stacks are studied: PPPmux/HDL-C, and LIPE.  

2. Protocol stacks

The simulation models are described in [1]. The size of FP PDU can also be found in [1]. We list the average overhead of a FP PDU for each protocol stack. 

(1) ATM/AAL2: Each ATM cell assumes a payload of 45 bytes, and padding bits are not assumed. The size of a layer-2 packet is 

[FP PDU + 3 (AAL2 header)] * 53.0 /45.0 (bytes).

(2) PPPmux/HDL-C (see [2]):   For voice frmaes, we limit the size of PPPmux to be less than 420 bytes (the maximal number of multiplex is 10). The number is arbitrary chosen such that some packets that have higher priority than voice packets, for example, real-time, out-band, call control packets, are delayed by no more than 1.75 ms behind a voice PPPmux frame. For data frames, we do not use PPPmux to avoid to delay higher priority traffic, e.g., voice traffic,  because most data frames are larger than 340 bytes (need 1.4 ms to transmit). Assuming multiplexing ten voice packets together and multiplexing no data packets, the size of a layer-2 packet is computed in the following.

PPPmux for voice: FP PDU + 4 (cUDP + Len) + [1(HDLC)+ 1 (PPPmux) + 1 (PPP ID) + 2(CRC)]/10 (bytes)

PPP for data: FP PDU + 3 (cUDP) + 1 (PPP ID)  + 1 + (HDLC) + 2 (CRC) (bytes)

(3) LIPE (see [3]): The criteria for voice traffic and data traffic of  LIPE is the same as in (2) PPPmux/HDL-C. Assuming multiplexing ten voice packets together and multiplexing no data packets, the size of a layer-2 packet is computed in the following.

LIPE for voice: FP PDU + 3 (MH) + [1(HDLC)+ 3 (cUDP) + 1 (PPPmux) + 2(CRC)]/10 (bytes)

PPP for data: FP PDU + 3 (cUDP) + 1 (PPP ID)  + 1 + (HDLC) + 2 (CRC) (bytes)

3.  Summary of Simulation Results

As a baseline case for comparison, simulation cases are run with voice and data traffic transported on AAL2 protocol stacks over an E1 line (30 DSO). Four scenarios are studied: 100% Voice Traffic, 100% Data Traffic, “80% Voice: 20% Data” Traffic, and “20% Voice: 80% Data” Traffic.  Comparison of three radio-link data rates is studied: 64, 144, 384 Kbps. Each statistic is the average of ten simulation runs. Each simulation run is 20,000 sec. The 95% confidence intervals of 99.9% voice frame delay and of 99.9% data frame delay are measured. 

The capacity is decided only according to the “knee” of the curve of 99.9% voice frame delay, and of the curve of 99.9% data frame delay. However, other criteria should also be taken into account, for example, the delay requirement from RNC to Node B. The “80% Voice: 20% Data” scenario, and “20% Voice: 80% Data” scenario are roughly according to the ratio of throughput of voice traffic and that of data traffic. The summary of simulation results is included in this section. Its details are in section 4. 

Voice only (AAL2/ATM; PPPmux/HDL-C; LIPE)


Capacity 

(# of voice users)
99.9% delay for voice frames (ms) 
Utilisation of E1 (%)

AAL2/ATM
120
<= 1.39
89.03

PPPmux/HDL-C
136
<= 3.04
87.46

LIPE
140
<= 4.14
90.06

Data only for 64, 144, 384 Kbps (AAL2/ATM; PPP/HDL-C)


Capacity 

(# of data users)
99.9% delay for data frames (ms)
Utilisation of E1 (%)

64 Kbps

AAL2/ATM
120
<= 95.84
56.66

PPP/HDL-C
140
<= 56.3
56.56

144 Kbps

AAL2/ATM
90
<= 81.18
44.26

PPP/HDL-C
110
<= 67.4
46.64

384 Kbps

AAL2/ATM
30
<= 62.54
16.38

PPP/HDL-C
50
<= 67.89
23.13

“80% voice : 20% data” for 64, 144, 384 Kbps (AAL2; PPPmux/HDL-C; LIPE)


Capacity
99.9% delay (ms)
Utilisation (%)


# voice users
# data users
Voice
Data
Voice
Data

64 Kbps

AAL2/ATM
73
33
<= 1.9
<= 26.35
54.03
15.54

PPPmux/HDL-C
88
37
<= 3.5
<= 81.63
58.06
14.95

LIPE
88
37
<= 3.48
<= 17.88
56.59
15.06

144 Kbps

AAL2/ATM 
62
29
<= 4.0
<= 37.38
45.9
14.39

PPPmux/HDL-C
73
33
<= 5.2
<= 22.85
48.17
13.68

LIPE
80
35
<= 5.08
<= 64.33
51.45
14.72

384 Kbps

AAL2/ATM
24
15
<= 8.5
<= 25.57
17.78
8.19

PPPmux/HDL-C
40
21
<= 9
<= 86.95
26.4
9.53

LIPE
40
21
<= 8.98
<= 48.76
25.72
9.62

“20% voice : 80% data” for 64, 144, 384 Kbps (AAL2; PPPmux/HDL-C; LIPE)


Capacity
99.9% delay (ms)
Utilisation (%)


# voice users
# data users
Voice
Data
Voice
Data

64 Kbps

AAL2/ATM
14
100
<= 1.9
<= 31.13
10.36
46.83

PPPmux/HDL-C
18
120
<= 3.5
<= 41.87
11.87
48.32

LIPE
17
225
<= 3.48
<= 11.2
10.93
46.27

144 Kbps

AAL2/ATM 
10
80
<= 4
<= 73.87
7.41
39.62

PPPmux/HDL-C
14
100
<= 5.2
<= 51.85
9.24
41.62

LIPE
15
105
<= 5.18
<= 82.84
9.64
44.04

384 Kbps

AAL2/ATM
*
*
*
*
*
*

PPPmux/HDL-C
*
*
*
*
*
*

LIPE
*
*
*
*
*
*

PS. The curve of 99.9% data frame delay for “384 Kbps” does not show knees.

4. Simulation results

4.1 100% Voice Traffic (AAL2; PPPmux; LIPE)
[image: image1.wmf]Figure 1. 99.9% voice frame delay for protocol stacks
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Figure 1 shows that the knee is at 120 voice users for AAL2/ATM, at 136 voice users for PPPmux/HDL-C, and at 140 voice users for LIPE. Table 1, Table 2, and Table 3 present the statistics of intersts.

# of voice users
118
119
120
121
122

AAL2 utilization (%)
87.36
88.1
89.03
89.58
90.31

99.9%voice delay(ms)
0.9
0.98
1.39
4.65
10.49

Table 1. The statistics of voice only case for AAL2/ATM 

# of voice users
134
135
136
137
138
139

PPPmux utilization(%)
86.16
86.83
87.46
88.11
88.76
89.38

99.9% voice delay(ms)
2.6
2.66
3.04
4.7
10.28
18.65

Table 2. The statistics of voice only case for PPPmux/HDL-C 

# of voice users
137
138
139
140
141
142

LIPE utilization (%)
88.11
88.76
89.38
90.06
90.08
91.33

99.9% voice delay(ms)
2.57
2.61
2.8
4.14
8.64
14.05

Table 3. The statistics of voice only case for LIPE 

4.2 100% Data Traffic (AAL2; PPP)

[image: image2.wmf]Figure 3. 99.9% Data Frame Delay for Data Only at 144 
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Figure 2 shows the knee is at 120 data users for AAL2/ATM, and at 140 data users for PPP/HDL-C. 

# of data users
80
90
100
110
120
130
140

AAL2 utilization (%) 
37.74
42.5
46.67
52.46
56.66
61.29
65.79

99.9% delay (ms)
6.16
7.04
7.9
41.63
95.84
248.49
474.64

Table 4. The statistics of data only case at 64 Kbps for AAL2/ATM 

# of Data users
90
100
110
120
130
140
150

PPP utilization (%)
36.54
40.13
45.1
48.72
52.69
56.56
61.02

99.9% delay (ms)
5.19
5.7
6.54
7.19
11.62
21.08
204.93

Table 5. The statistics of data only case at 64 Kbps for PPP/HCL-C
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Figure 3 shows the knee for AAL2/ATM is at 90 data users for AAL2, and at 110 data users for PPP/HDL-C. 

# of data users
60
70
80
90
100
110
120

AAL2 utilization (%) 
29.4
34.38
39.46
44.26
49.35
54.49
59.59

99.9% delay (ms)
12.74
14.52
18.5
81.18
314.12
275.16
697.55

Table 6. The statistics of data only case at 144 Kbps for AAL2/ATM 
# of data users
80
90
100
110
120
130
140

PPP utilization (%)
33.76
37.87
42.27
46.62
50.98
54.73
59.13

99.9% delay (ms)
11.95
13.63
37.71
67.4
144.31
259.12
553.35

Table 7. The statistics of data only case at 144 Kbps for PPP/HDL-C
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Figure 4 shows the knee is at 30 data users for AAL2/ATM, and at 50 data users for PPP/HDL-C.

# of data users
20
30
40
50

AAL2 utilization (%)
10.87
16.38
21.76
27.17

99.9% delay (ms)
25.52
62.54
166.78
302.85

Table 8. The statistics of data only case at 384 Kbps for AAL2/ATM 
# of data users
40
50
60
70

PPP utilization (%)
18.53
23.13
27.68
32.38

99.9% delay (ms)
29.14
67.89
185.31
413.46

Table 9. The statistics of data only case at 384 Kbps for PPP/HDL-C
4.3 “80% Voice : 20% data” traffic  

According to the utilisation of data and voice in section 2.1 and section 2.2, we roughly come out Table 10 and Table 11. In these tables, each pair of the number of voice users and that of data users yields approximately 80% voice utilisation and 20% utilisation. 

Pair
1
2
3
4
5
6
7

# of voice users
24
29
35
40
46
51
57

# of data users
15
17
19
21
23
25
27

Table 10. The combination of 80% voice and 20% data (1)

Pair (Cnt.)
8
9
10
11
12
13
14

# of voice users
62
68
73
80
88
93
98

# of data users
29
31
33
35
37
39
41

Table 11. The combination of 80% voice and 20% data (2)
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The 99.9% delay of voice frames is consistent for all pairs within eack protocol stack: 1.9 ms for AAL2/ATM, from 3.4 ms to 3.5 ms for PPPmux/HDL-C, and from 3.38 ms to 3.48 ms for LIPE. Figure 5 shows the knee of 99.9% data frame delay is at 73 voice users/33 data users for AAL2/ATM, at 88 voice users/37 data users for both PPPmux/HDL-C and LIPE. Table 12 summarizes the utilisation while the system reaches capacity.

Protocol stacks
AAL2/ATM
PPPmux/HDL-C
LIPE

# of voice users
73
88
88

# of data users
33
37
37

Voice utilization (%)
54.03
58.06
56.59

Data utilization (%)
15.54
14.95
15.06

Total utilization (%)
69.57
73.01
71.65

Table 12. The statistics of 80% voice v. s. 20 % data at 64 Kbps
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The 99.9% delay of voice frames is consistent for all pairs within eack protocol stack: from 3.9 ms to 4.0 ms for AAL2/ATM, from 5.1 ms to 5.2 ms for PPPmux/HDL-C, and from 4.98 ms to 5.08 ms for LIPE. Figure 6 shows the knee of 99.9% data frame delay is at 62 voice users/29data users for AAL2/ATM, at 73 voice users/33 data users for PPPmux/HDL-C,  and at 80 voice users/35 data users for LIPE. Table 13 summarizes the utilisation while the system reaches capacity.

Protocol stacks
AAL2/ATM
PPPmux/HDL-C
LIPE

# of voice users
62
73
80

# of data users
29
33
35

Voice utilization (%)
45.9
48.17
51.45

Data utilization (%)
14.39
13.68
14.72

Total utilization (%)
60.29
61.85
66.17

Table 13. The statistics of 80% voice v. s. 20 % data at 144 Kbps
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The 99.9% delay of voice frames is consistent for all pairs within eack protocol stack: from 8.4 ms to 8.5 ms for AAL2/ATM, from 8.9 ms to 9.0 ms for PPPmux/HDL-C, and from 8.88 ms to 8.98 ms for LIPE. Figure 7 shows the knee of 99.9% data frame delay is at 24 voice users/15data users for AAL2/ATM, at 40 voice users/21 data users for PPPmux/HDL-C,  and at 40 voice users/21 data users for LIPE. Table 14 summarizes the utilisation while the system reaches capacity.

Protocol stacks
AAL2/ATM
PPPmux/HDL-C
LIPE

# of voice users
24
40
40

# of data users
15
21
21

Voice utilization (%)
17.78
26.4
25.72

Data utilization (%)
8.19
9.53
9.62

Total utilization (%)
25.97
35.93
35.34

Table 14. The statistics of 80% voice v. s. 20 % data at 384 Kbps
4.4  “20% Voice: 80% data” traffic  

According to the utilisation of data and voice in section 2.1 and section 2.2, we roughly come out Table 15. In these tables, each pair of the number of voice users and that of data users yields approximately 20% voice utilisation and 80% data utilisation. 

Pair
1
2
3
4
5
6
7
8
9
10

# of voice users
10
11
12
13
14
15
16
17
18
19

# of data users
80
85
90
95
100
105
110
115
120
125

Table 15. The combination of 20% voice and 80% data (1)
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The 99.9% delay of voice frames is consistent for all pairs within eack protocol stack: at 1.9 ms for AAL2/ATM, at 3.5 ms for PPPmux/HDL-C, and from 3.38 ms to 3.48 ms for LIPE. Figure 8 shows the knee of 99.9% data frame delay is at 24 voice users/15data users for AAL2/ATM, at 40 voice users/21 data users for PPPmux/HDL-C,  and at 40 voice users/21 data users for LIPE. Table 16 summarizes the utilisation while the system reaches capacity.

Protocol stacks
AAL2/ATM
PPPmux/HDL-C
LIPE

# of voice users
24
40
40

# of data users
15
21
21

Voice utilization (%)
17.78
26.4
25.72

Data utilization (%)
8.19
9.53
9.62

Total utilization (%)
25.97
35.93
35.34

Table 16. The statistics of 20% voice v. s. 80 % data at 64 Kbps
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The 99.9% delay of voice frames is consistent for all pairs within eack protocol stack: from 3.9 ms to 4.0 ms for AAL2/ATM, from 5.1 ms to 5.2 ms for PPPmux/HDL-C, and from 5.08 ms to 5.18 ms for LIPE. Figure 9 shows the knee of 99.9% data frame delay is at 10 voice users/80 data users for AAL2/ATM, at 14 voice users/100 data users for PPPmux/HDL-C,  and at 15 voice users/105 data users for LIPE. Table 17 summarizes the utilisation while the system reaches capacity.

Protocol stacks
AAL2/ATM
PPPmux/HDL-C
LIPE

# of voice users
10
14
15

# of data users
80
100
105

Voice utilization (%)
7.41
9.24
9.64

Data utilization (%)
39.62
41.62
44.04

Total utilization (%)
46.67
50.86
53.68

Table 17. The statistics of 20% voice v. s. 80 % data at 144 Kbps
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Pair
1
2
3
4
5
6
7
8
9

# of voice users
4
5
6
7
8
9
10
11
12

# of data users
50
55
60
65
70
75
80
85
90

Table 18. The combination of 20% voice and 80% data (2)
Table 18 shows the number of voice users and that of data users corresponding Figure 10 Figure 10 does not show obvious knees for 99.9% data delay curves.
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Figure 7. 99.9% data frame delay for "80% voice : 20% data" at 384 Kbps
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Figure 9. 99.9% data frame delay for "20% voice : 80% data" at 144 Kbps
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Figure 8. 99.9% data frame delay for "20% voice: 80% data" at 64 Kbps
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Figure 3. 99.9% Data Frame Delay for Data Only at 144 Kbps
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Figure 2. 99.9% data FP PDU delay for data only at 64 Kbps
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