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Overview of frequency hopping algorithm
Hopping rate
Each bearer will change frequency channel, or hop, once per frame, i.e. the bearer hopping rate is 100
hops/second.
In the case of a traffic bearer this means that in a particular frame, both the down-link and up-link slots will
use the same frequency channel.

With 4 active traffic bearers, each hopping at 100 hops/sec, there will be 800 frequency changes/second.
However, because down-link and up-link use the same channel, this is only actually 400 channels/second.
Hopping Sequence

There are two methods employed for generating the hopping sequences: tables and random number
generators (RNGs). Tables are hand-crafted to have specific properties and reverse table-lookup can be
used to deduce the position in the table. RNGs generate very long period sequences which are less prone to
‘sequence collision’. Both methods are employed in the EDCT system.

A. Hopping pattern base-table
A dummy bearer or combined dummy/traffic bearer uses a table-generated hop sequence.
A single base-table is constructed containing a permutation of the channel numbers 0, 1, 2,...,74 (there are
no repeats in the sequence). An extract is shown in the following table where ‘i’ is the index, and “F,* is the
base-table sequence.

44

~:

4

(This is only an extract; the full base table is shown in “Appendix B — Base-Table Hopping Sequence”).
From this one base-table, additional sequences are generated using the formula:

Fx(i) =(Fo (i) + x ) mod 75
The sequence index ‘i’ in the above formula is incremented, modulo 75, each frame. The value ‘x’ is used to
select the required pattern. Due to the modulus there are 75 unique patterns permuted from this single
base-table.
The following table shows an extract of the patterns.

0 |1 2 |3

0

1 27 28 29 30 ... | 26
2 |38 39 40 41 ... | 37
3 14 15 16 17 .. 113
8§ |73 74 0 1 .. |72
7 |44 45 46 47 .. | 43
4

The base-table is hand-crafted to meet the following criteria:
e Pseudo-random.
o  When any pattern is time-shifted with respect to any other pattern, the number of direct and
adjacent channel collisions is minimised. In this context, because of the expected RF performance,
adjacent should be taken to mean within 3 channels or less.
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e  When any pattern is time-shifted with respect to any other pattern, the number of direct or adjacent
channel collisions on consecutive hops is minimised. Collisions are minimised for 2, 3 and 4 (or
more) consecutive hops.

®  Successive channels in the sequence are separated sufficiently to avoid microwave oven
interference. In this context, a minimum channel separation of 6 or 8 MHz should be considered
sufficient.

B. LCG random number generator
Traffic bearers use a pseudo-random number generated hop sequence. The random number generator
(RNG) is a Linear Congruential Generator (LCG). The general form of an LCG is:

Risi=(axR,+c) modm

A channel number in the range 0...74 is obtained by applying:
Channel number = (75 x R,) / m
In the above formula integer division is used. A particular LCG is denoted by LCG(m, a, ¢, Ry). The
proposed RNG for EDCT is LCG(3000, (2x3x4x5x7+1) = 841, 787, Ry):
The modulus (m) is less than 2'° so that the “state’ can be stored in a single word (16 bits).
This is a full period generator, with a period of 3000, equivalent to 30 seconds and is also a multiple of 75.
As such, all channels are used equally and all channels are used equally over a 30 second period.
The full 3000-long sequence is shown in “Appendix C —~ LCG Random Hopping Sequence”.

C. Logical and physical channel numbers
The techniques described so far generate channel numbers in the range 0...74. The EDCT system can use a
total of 87 hopping channels (numbered from 1... 88, avoiding channel 71,). This results in 12 channels that
are not part of the normal sequence and these are reserved as ‘spare channels’.
The spare channels are used to adapt the hop sequence, which is a method used by EDCT to avoid noisy
frequency channels (see later).
A mapping table is used to convert the ‘logical channel number’ (in the range 0 ... 74) given by the hopping
sequence to the ‘physical channel number” (in the range 1 ... 88) that is actually used.
An important feature of the mapping table is that it is always a one-to-one mapping, i.e. a physical channel
is only ever ‘mapped-onto’ by one logical channel. In this way the channel usage characteristics of the hop
sequence are preserved. ‘
For example, consider the following scenario for a small number of logical and physical channels:

Physical Channels

Logical Channels 1
0 // 2
1 /’ 3
2 / 4 spare
3 ] 5 spare
5 \ 7

\ 8

Noisy channels can be adapted out of the sequence by ‘channel swapping’, i.e. swapping a good spare
channel for a noisy channel. For example, swapping physical channels 1 and 3 gives:

Physical Channels
Logical Channels 1
0 / 2 bad
1 3
2 >‘<: 4 used spare
3 5 spare
4 \ 6
5 \ 7
\ 8

Obviously, the above mapping table is an example.. It satisfies the following criteria:
It maps the 75 logical channels onto 87 physical channels, with a one-to-one mapping. This leaves 12 spare
channels that are not used in the unadapted hopping sequence.
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The spare channels are only positioned around the 2.45 GHz area. The reason for this is that interference
from microwave ovens is most likely' to be centred on 2.45 GHz.
To facilitate robust ‘sequence adaption’ a requirement is that the basic underlying pattern should be

changed as little as possible. This is achieved by always ensuring that the channels are swapped back to
their original positions when the channel stops being noisy.
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Appendix B — Base-Table Hopping Sequence
The following table, arranged as an 8 x 10 grid, is the base table for the hopping sequence. The sequence is

75 hops long.
2

27 38 49 13 33
1 11 64 2 48
40 65 67 57 42
36 47 43 32 56
15 53 37 74 63
31 72 70 35 69
60 68 24 41 7
10 20

Appendix C — LCG Random Hopping Sequence

The following table, is the random channel sequence produced by the LCG random number generator. The

sequence is 3000 hops long.

19 66
51 68
8 69
39 71
71 73
28 0

60 1

16 3

48 5

5 7

37 8

68 10
25 12
57 14
14 15
45 17
2 19
34 21
66 22
22 24
54 26
11 28
43 29
74 31
31 33
63 35
20 36
51 38
8 40
40 42
72 43
28 45
60 47
17 49
49 50
5 52
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37 54 53 63 41 16 17 1 72
69 56 24 5 28 47 19 48 13
26 57 71 22 14 4 21 19 30
57 59 43 38 1 36 22 66 47
14 61 15 55 63 68 24 38 64
46 63 61 72 50 24 26 10 5

3 64 33 14 36 56 28 56 22
34 66 5 30 23 13 29 28 39
66 68 52 47 10 45 31 0 56
23 70 23 64 72 1 33 47 72
55 71 70 6 58 33 35 18 14
11 73 42 22 45 65 36 65 31
43 0 14 39 32 22 38 37 48
0 2 60 56 19 53 40 9 64
32 3 32 73 5 10 42 55 6

63 5 4 14 67 42 43 27 23
20 7 51 31 54 74 45 74 40
52 9 22 43 11 30 47 46 56
9 10 69 65 27 62 49 17 73
40 12 41 6 14 19 50 64 15
72 14 13 23 1 51 52 36 32
29 16 59 40 63 7 54 8 48
61 17 31 57 49 39 56 54 65
17 19 3 73 36 71 57 26 7

49 21 50 15 23 28 59 73 24
6 23 21 32 10 59 61 45 40
38 24 68 49 71 16 63 16 57
69 26 40 65 58 48 64 63 74
26 28 12 7 45 5 66 35 16
58 30 58 24 32 36 68 7 32
15 31 30 41 18 68 70 53 49
46 33 2 57 5 25 71 25 66
3 35 49 74 67 57 73 72 8

35 37 20 16 54 13 0 44 24
67 38 67 33 40 45 2 15 41
23 40 39 49 27 2 3 62 58
55 42 11 66 14 34 5 34 0

12 44 57 8 1 65 7 6 16
44 45 29 25 62 22 9 52 33
0 47 1 41 49 54 10 24 50
32 49 48 58 36 11 12 71 67
64 51 19 0 23 42 14 43 8

21 52 66 17 9 74 16 14 25
52 54 38 33 71 31 17 61 42
9 56 10 50 58 63 19 33 59
41 58 56 67 45 19 21 5 0

73 59 28 9 31 51 23 51 17
29 61 0 25 18 8 24 23 34
61 63 47 42 5 40 26 70 51
18 65 18 59 67 71 28 42 67
50 66 65 1 53 28 30 13 9

6 68 37 17 40 60 31 60 26
38 70 9 34 27 17 33 32 43
70 72 55 51 14 48 35 4 59
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27 73 27 68 0 5 37 50 1

58 0 74 9 62 37 38 22 18
15 2 46 26 49 69 40 69 35
47 4 17 43 36 25 42 41 51
4 5 64 60 22 57 44 12 68
35 7 36 1 9 14 45 59 10
67 9 8 18 71 46 47 31 27
24 11 54 35 58 2 49 3 43
56 12 26 52 44 34 51 49 60
12 14 73 68 31 66 52 21 2

44 16 45 10 18 23 54 68 19
1 18 16 27 5 54 56 40 35
33 19 63 44 66 11 58 11 52
64 21 35 60 53 43 59 58 69
21 23 7 2 40 0 61 30 11
53 25 53 19 27 31 63 2 27
10 26 25 36 13 63 65 48 44
41 28 72 52 0 20 66 20 61
73 30 44 69 62 52 68 67 3

30 32 15 11 49 8 70 39 19
62 33 62 28 35 40 72 10 36
18 35 34 44 22 72 73 57 53
50 37 6 61 9 29 0 29 70
7 39 52 3 71 60 2 1 11
39 40 24 20 57 17 4 47 28
70 42 71 36 44 49 5 19 45
27 44 43 53 31 6 7 66 62
59 46 14 70 18 37 9 38 3

16 47 61 12 4 69 11 9 20
47 49 33 28 66 26 12 56 37
4 51 5 45 53 58 14 28 54
36 53 51 62 40 14 16 0 70
68 54 23 4 26 46 18 46 12
24 56 70 20 13 3 19 18 29
56 58 42 37 0 35 21 65 46
13 60 13 54 62 66 23 37 62
45 61 60 71 48 23 25 8 4

1 63 32 12 35 55 26 55 21
33 65 4 29 22 12 28 27 38
65 67 50 46 9 43 30 74 54
22 68 22 63 70 0 32 45 71
53 70 69 4 57 32 33 17 13
10 72 41 21 44 64 35 64 30
42 74 12 38 31 20 37 36 46
74 0 59 55 17 52 39 7 63
30 2 31 71 4 9 40 54 5

62 4 3 13 66 41 42 26 22
19 6 49 30 53 72 44 73 38
51 7 21 47 39 29 46 44 55
7 9 68 63 26 61 47 16 72
39 11 40 5 13 18 49 63 14
71 13 11 22 0 49 51 35 30
28 14 58 39 61 6 53 6 47
59 16 30 55 48 38 54 53 64
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2 72 35 70 56 25 6

48 14 22 26 58 72 22
20 31 8 58 60 43 39
67 47 70 15 61 15 56
39 64 57 47 63 62 73
10 6 44 3 65 34 14
57 23 30 35 67 5 31
29 39 17 67 68 52 48
1 56 4 24 70 24 65
47 73 66 55 72 71 6

19 15 52 12 74 42 23
66 31 39 44 0 14 40
38 48 26 1 2 61 57
9 65 13 32 4 33 73
56 7 74 64 6 4 15
28 23 61 21 7 51 32
0 40 48 53 9 23 49
46 57 35 9 11 70 65
18 74 21 41 13 41 7

65 15 8 73 14 13 24
37 32 70 30 16 60 41
8 49 57 61 18 32 57
55 66 43 18 20 3 74
27 7 30 50 21 50 16
74 24 17 7 23 22 33
45 41 4 38 25 69 49
17 58 65 70 27 40 66
64 74 52 27 28 12 8

36 16 39 59 30 59 25
7 33 26 15 32 31 41
54 50 12 47 34 2 58
26 66 74 4 35 49 0

73 8 61 36 37 21 17
44 25 48 67 39 68 33
16 42 34 24 41 39 50
63 58 21 56 42 11 67
35 0 8 13 44 58 9

6 17 70 44 46 30 25
53 34 56 1 48 1 42
25 50 43 33 49 48 59
72 67 30 65 51 20 1

43 9 17 21 53 67 17
15 26 3 53 55 38 34
62 42 65 10 56 10 51
34 59 52 42 58 57 68
5 1 39 73 60 29 9

52 18 25 30 62 0 26
24 34 12 62 63 47 43
71 51 74 19 65 19 60
42 68 61 50 67 66 1

14 10 47 7 69 37 18
61 26 34 39 70 9 35
33 43 21 71 72 56 52
4 60 8 27 74 28 68
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51 2 69 59 1 74 10
23 18 56 16 2 46 27
70 35 43 48 4 18 44
41 52 30 4 6 65 60
13 69 16 36 8 36 2

60 10 3 68 9 8 19
32 27 65 25 11 55 36
3 44 52 56 13 27 52
50 61 38 13 15 73 69
22 2 25 45 16 45 11
69 19 12 2 18 17 28
40 36 74 33 20 64 44
12 53 60 65 22 35 61
59 69 47 22 23 7 3

31 11 34 54 25 54 20
2 28 21 10 27 26 36
49 45 7 42 29 72 53
21 61 69 74 30 44 70
68 3 56 31 32 16 12
39 20 43 62 34 63 28
11 37 29 19 36 34 45
58 53 16 51 37 6 62
30 70 3 8 39 53 4

1 12 65 39 41 25 20
48 29 51 71 43 71 37
20 45 38 28 44 43 54
67 62 25 60 46 15 71
38 4 12 16 48 62 12
10 21 73 48 50 33 29
57 37 60 5 51 5 46
29 54 47 37 53 52 63
0 71 34 68 55 24 4

47 13 20 25 57 70 21
19 29 7 57 58 42 38
66 46 69 14 60 14 55
37 63 56 45 62 61 71
9 5 42 2 64 32 13
56 21 29 34 65 4 30
28 38 16 66 67 51 47
74 55 3 22 69 23 63
46 72 64 54 71 69 5

18 13 51 11 72 41 22
65 30 38 43 74 13 39
36 47 25 74 1 60 55
8 64 11 31 3 31 72
55 5 73 63 4 3 14
27 22 60 20 6 50 31
73 39 47 51 8 22 47
45 56 33 8 10 68 64
17 72 20 40 11 40 6

64 14 7. 72 13 12 23
35 31 69 28 15 59 39
7 48 55 60 17 30 56
54 64 42 17 18 2 73
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26 6 29 49 20 49 15
72 23 16 5 22 21 31
44 40 2 37 24 67 48
16 56 64 69 25 39 65
63 73 51 26 27 11 7

34 15 38 57 29 58 23
6 32 24 14 31 29 40
53 48 11 46 32 1 57
25 65 73 3 34 483 74
71 7 60 34 36 20 15
43 24 46 66 38 66 32
15 40 33 23 39 38 49
62 57 20 55 41 10 66
33 74 7 11 43 57 7

5 16 68 43 45 28 24
52 32 55 0 46 0 41
24 49 42 32 48 47 58
70 66 29 63 50 19 74
42 8 15 20 52 65 16
14 24 2 52 53 37 33
61 41 64 9 55 9 50
32 58 51 40 57 56 66
4 0 37 72 59 27 8

51 16 24 29 60 74 25
23 33 11 61 62 46 42
69 50 73 17 64 18 58
41 67 59 49 66 64 0

13 8 46 6 67 36 17
60 25 33 38 69 8 34
31 42 20 69 71 55 50
3 59 6 26 73 26 67
50 0 68 58 74 73 9

22 17 55 15 1 45 26
68 34 42 46 3 17 42
40 51 28 3 5 63 59
12 67 15 35 6 35 1

59 9 2. 67 8 7 18
30 26 64 23 10 54 34
2 43 50 55 12 25 51
49 59 37 12 13 72 68
21 1 24 44 15 44 10
67 18 11 0 17 16 26
39 35 72 32 19 62 43
11 51 59 64 20 34 60
58 68 46 21 22 6 2

29 10 33 52 24 53 18
1 27 19 9 26 24 35
48 43 6 41 27 71 52
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TDMA frames structure
The EDCT TDMA frame structure is shown below:

PR
<

Up-link: PP to FP.

d

Siot 0 l Slot 1 I Slot 2

‘_
1250 us >
938 us
l 297 us - 97 us alg 28us |} 813 us , 17us
- . g -
Synth Setting Preamble Sync-fieid D-field Gap
170 bits 56 bits 16 bits 468 bits 10 bits
0 169 170 225 226.---~"241 242 7097MQ 719
ﬂ ——————— 111 ‘ 695 7 \‘.
<« us »le us us
A-field B-field 2Z-field
64 bits 320 bits (ADPCM) + 80 bits (parity) 4 bits
242 305 306 705 706 709

The basic, repeating, frame structure is 10 ms long. It is sub-divided into 8 slots, each 1250 us long. The
active transmission time is 937.5 us. The first 4 slots form the ‘up-link’, when the PPs transmit to the FP.
The last 4 slots form the ‘down-link’, when the FP transmits to the PPs.

EDCT uses TDD to carry a two-way voice communication. This is always by using slot-pairs: 0 and 4, 1
and 5,2 and 6, 3 and 7. In this way the down-link transmission of the duplex communication is always 5ms
after the corresponding up-link transmission.

There is only one transceiver in FP or PP therefore in any single slot, the FP or PP can only ever be
receiving or transmitting.
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