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Introduction

Code signalling has been introduced in 3.84 Mcps TDD [1], whereby the number of the active
codes is signalled to the UE (common midamble case) by modulating the midamble shifts, and
thus a notable reduction of the implementation complexity of the blind code detection is
realised. However, a further reduction could be achieved if additional information, such as a
subset of the total codes which encloses all the active codes, could be also signalled to the UE.

This advanced code signalling scheme was proposed for the wideband TDD in [2], but some
doubts were raised regarding the observed small performance degradation in some radio
environments when the burst type 2 with three midamble shifts was used. This performance
degradation was caused by the non-ideal cross-correlation properties of the different midamble
shifts in conjunction with the relatively small length (256 chips) of the burst type 2. It should be
noted here that the burst type 1 does not deteriorate the link performance when three
midambles are present, primarily because of its large length (512 chips).

In narrowband TDD, only one burst type is specified which has a length of 144 chips. Given the
fact that the narrowband TDD employs one third of the chip rate of the wideband TDD, it is
anticipated that such performance degradation would not occur or at least it would be
reasonably small, and therefore the advanced code signalling scheme is readily applicable.

Being a large capacity system, the narrowband TDD will require the utilisation of advanced
receivers not only at the Node-B but also at the UE, necessitating the reduction of its
implementation complexity. Having adopted such a scheme, it can be found that significant
savings could be realised.

Description

[1] proposes the signalling of the number of active codes, fact that improves the effectiveness of
the blind channelisation code detection. Nevertheless, the UE still has to search over the whole
range of the 16 possible codes in order to determine which are the active ones. By restricting
the search over a smaller subset L (Figure 1), which encloses all the active codes N, then gains
both in complexity and error performance could be achieved. Apparently, the complexity
reduces because the matched-filtering operation is performed for a number of possible codes
which is always smaller than 16. Furthermore, the error performance improves because the blind
detection algorithm has to decide for the active codes from a smaller number of decision
variables.
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Figure 1. Active codes and their enclosing subset

The enclosing subset L could get values from 1 to 16 and given a value of L, N ranges from 1 to
L, resulting in a total of 136 possible combinations. In order to signal this amount of information
a minimum of 10 midamble shifts is required when up to three midambles could be
simultaneously used:
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Consequently, when the system is configured such as the number of midambles K ? 10 then all
the necessary information could be signalled to the UE but unfortunately at certain radio
environments where K < 10, the signalling capacity is somewhat reduced. One way of tackling
this problem, is by decreasing the granularity of the enclosing subset. Thus, instead of having a
step M = 1, this could be increased to 2 (and hence L could range from 2 to 16), 4 and so forth,
decreasing in this way the number of signalled combinations. It can be easily seen that for K =
8, the signalling capacity could a&commodate the number of combinations required for the
signalling of L=2to 16 and N =1 to L, and similarly forK =6 of L=4to 16 and N=1to L.

Hereinafter, given that the signalling capacity for K = 4 or 2 is very small (actually it can not
properly signal even the number of active codes), this contribution does not deal with these
particularly low values. Thus, for K = 4 the already existent solution from wideband TDD is
assumed in use, whereas for K = 2 it is assumed that no signaling will take place at all.

Coding & decoding procedure

Although narrowband TDD specifies a wide range for K (K = 16, 14, ... 6) having the necessary
signalling capacity, the proposed scheme effectively does not distinguish among those allowing
for a simple procedure to be used for all of them (minimisation of memory requirements at the
UE by using a single look-up table).

Let assume that the narrowband TDD system is configured with a value of K whose
correspondent step value of the enclosing subset is M. Let also L be the size of this subset



which encloses N active codes. For this triplet (L, N, M) the combination number X is calculated
by:
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For every possible value of the triplet (L, N, M), this formula gives a combination number within
the range 1 to 136 (for M = 1), 1 to 72 (for M = 2) and 1 to 40 (for M = 4). Knowing the X
combination number, the coding table cited in Annex A is used in order to find the
corresponding midamble combination.

At the UE, the midamble positions are determined and gven the known system configuration
number K, the midamble combination number is calculated. The special construction of the
coding table aids to the fast determination of the corresponding X combination value (both in
ascending order) and finally the values of L and N could be easily found.

Performance degradation

The concurrent presence of more than one midambles causes some degradation of the
performance of the channel estimation, fact that directly impacts the link performance. In this
section, this performance degradation is estimated for a number of different radio scenarios.

The following figures depict the error curves for 1 and 6 active codes (channel cases 2 & 3) when
only one midamble is transmitted and when three midambles are transmitted concurrently
(proposed scheme). For the comparison of these curves it is concluded that a small degradation
is observed of about 0.3 dB (1 code — Case 3) at 1% BER, which reduces as the number of the
active codes increases. Thus, when 6 codes are active this drops to 0.1 dB. Similarly, for Case
2 the found degradation is 0.25 dB and 0.08 dB respectively.

Table 1 quotes the performance degradation found in all the considered test scenarios. In
general, only when 1 code is active the degradation could be as high as 0.3 dB, but when there
are more than 2 active codes, the degradation ranges between 0.1 dB to 0.2 dB. Lastly, under
normal load conditions of 8 to 10 active codes, the degradation is up to 0.1 dB, and the same
degradation is expected at higher load conditions as well.
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Figure 2. Error curvesfor 1 active code
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Figure 3. Error curvesfor 6 active codes

Active codes Case 1 Case 2 Case 3 | Pedestrian B
1 .24 .25 .30 .26
2 .23 .19 .15 .15
4 .14 12 .14 12
6 12 .08 .10 11
8 .09 .05 .10 .08
10 .10 .06 .10 .10

Table 1. Performance degradation with respect to the single midamble transmission (measured at 1%

BER)

In conclusion, the performance degradation due to the utilisation of three midambles is generally
characterised quite reasonable. Only when there is one active code, the performance
degradation is somewhat increased but in practice this could be avoided by carefully designing
the coding table. Indeed, the coding table in Annex A has been designed in order that the most
common cases which have only one active code are coded by using up to two midambles.

Complexity savings

For the detection of the active codes, a matched-filter operation is running over a number of
received symbols n. Obviously, the larger the value of n, the more accurate the detection but at
the same time the larger the required computational complexity, which is given by:

Cur =N R (Q + W—1) complex accumulations

where R is the number of the possibly active codes (this is equal to 16 if the UE does not have
any a priori information of where the active codes are located within the entire set), Q is the
spreading factor (= 16) and W is the channel length in chips.

The knowledge of the number of the active codes allows the UE to reduce the matched-filter
operation over a smaller portion of the received signal. It has been estimated that in order to
achieve acceptable performance, the matched-filter operation should run over 30 symbols if
there is no such a priori information about their number. Alternatively, it should run over about 10
symbols if this information is available to the UE.



Additionally, the knowledge of the enclosing subset of the active codes could result in extra
complexity savings because R is reduced and becomes equal to L. These savings for various
cases are quoted in the following table:

Examined case Complexity savings
L K Active codes Subset Overall
1 10 66.7% 93.8% 97.9%
8 10 66.7% 50.0% 83.3%
10 10 66.7% 37.5% 79.2%
16 10 66.7% 0.0% 66.7%
1 8 66.7% 87.5% 95.8%
8 8 66.7% 50.0% 83.3%
10 8 66.7% 37.5% 79.2%
1 6 66.7% 75.0% 91.7%
8 6 66.7% 50.0% 83.3%
10 6 66.7% 25.0% 75.0%

Table 2. Complexity savings due to the signalling of the number of the active codes, additional savings
dueto the signalling of their enclosing subset and overall savings for various cases

The decrease of the correlation length from 30 symbols to 10 symbols due to the signalling of
the number of the active codes produces a flat reduction of the complexity by 66.7% irrespective
of the actual number of active codes or their enclosing subset. In addition to that and depending
upon the size of the of the enclosing subset (slot load) and number of possible midamble shifts
K (system configuration), further savings could be realised between 0% - 93.8%, with average
savings for typical slot loads between 25% - 50%, irrespective of the system configuration. This
brings the average overall savings between 75% - 83.3%. Having in mind that this operation will
be running in every slot whilst the UE is active, it is concluded that the presented complexity
savings are very important.

In reality, the previous figures could be even more improved because of the fact that the a priori
knowledge of the enclosing subset, which is generally smaller than 16, allows the UE to improve
the performance of the code detection procedure due to the reduction of the decision variables.
This performance improvement could be exploited by decreasing the correlation length to less
than 10 symbols reducing as a result further the complexity.

Conclusion

This paper presented an advanced code signalling scheme suitable for the narrowband TDD. The
proposed scheme is readily applicable, does not degrade notably the link error performance and
achieves essential complexity savings at the UE.
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Annex A: Coding table

X value midamble

combination

octal
0001

decimal

1

0002

0003
0004
0005
0007

3
4
5
7
6

0006
0010

0011

10 0012

10
1

0014

0015

13
14
16
17
18
19
20

21

0016

13
14
15
16
17
18
19
20

21

0020
0021

0022

0023
0024
0025

0026

2
24
25
26
28

0030
0031

0032

23
24

0034
0040

N M <
A S IR
O O oo
o O oo
8388
CSRAK

0045
0046
0050
0051

0052

0054
0060
0061

0062

0064

0103
0104
0105
0106
0110

70
72



0111

73
74
76

49

0112

0114
0120
0121

51

0122
0124
0130
0140
0141

0142
0144
0150
0160
0200
0201

0202
0203
0204
0205
0206
0210
0211

128
129
130
131

132
133
134
136
137
138
140
144
145
146
148
152
160
161
162

71

0212

72
73
74
75
76

0214

0220
0221

0222

0224
0230
0240
0241

78
9

0242

81

0244
0250
0260
0300
0301
0302
0304
0310
0320
0340
0400

164
168
176
192
193
194
196
200
208

EBIBIEB8S

224

256

0401
0402
0403
0404

257
258
259
260

8388

0405

261

N~
&)

0406
0410
0411

262
264
265

838

0412

266
268

101

102

0414






