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Abstract 

The application of code-division multiple access (CDMA) to local multipoint distribution services (LMDS) 
networks is investigated with respect to interference minimization and to an optimum utilization of the band-
width. Two basic approaches are presented for the downlink and the uplink. The first approach is derived from 
the frequency assignment scheme commonly used for time-division multiple access (TDMA). The second ap-
proach is based on the assignment of only one frequency per cell. In combination with cell sectoring done by 
narrow-beam subscriber antennas and a dynamic code allocation to the sectors, this method leads to a signifi-
cant increase of the overall cell capacity and allows a more flexible cell arrangement. In addition, an extension 
of the second approach with multimode CDMA is introduced for the downlink which increases its worst case 
SIR. Finally, some implementation requirements are discussed. 
 
 
1. Introduction 

Broadband wireless access systems are expected to 
play an important role in the deregulated telecommu-
nication market, especially for new operators having 
no wired infrastructure to reach the end users. The 
emerging local multipoint distribution services 
(LMDS) networks, which operate at millimeter-wave 
radio frequencies between 20 GHz and 45 GHz, have 
sufficient bandwidth to deliver integrated broadband 
services for business and residential subscribers. Nev-
ertheless, bandwidth is a short resource, and therefore 
technical solutions for its optimum utilization are of 
great importance. One of the basic issues is the fre-
quency reuse factor which determines the overall 
bandwidth needed in an LMDS network with a pre-
determined maximum cell capacity. Restrictions in 
using the available bandwidth in an optimum way 
arise from intracell and intercell interferences. There 
are two antagonistic requirements: The first is that 
the interference should be kept as small as possible, 
and the second is that each base station should serve 
as many subscribers as possible in its coverage area 
with a typical radius of 2-5 km. 
With respect to the first requirement, LMDS net-
works employ narrowbeam directional subscriber an-
tennas pointed to the serving base station. Compared 
with the use of omnidirectional antennas, this reduces 
interference from/to other cells and also increases the 
cell range for a given transmit power. 
In addition to the use of such narrowbeam antennas, 
interference reduction and performance enhancement 
can also be obtained by cell sectoring as used in 

LMDS networks based on TDMA [1], [2]. Recently, 
code-division multiple access (CDMA) has become 
very popular in digital mobile radio systems [3], [4]. 
In this paper, we analyze the potential of CDMA to 
improve the quality of LMDS networks for both the 
downstream and the upstream channels. 
Our considerations are based on the assumption 
(which is common in microwave and millimeter-
wave radio systems with line-of-sight propagation) 
that the signal attenuation is proportional to the 
squared propagation distance. 
For the application of CDMA, a two-layer concept is 
assumed, in which the transmitted signals are first 
spread by a Walsh-Hadamard sequence and then 
scrambled by a long pseudo-noise sequence. This 
scrambling makes adjacent cell signals look like 
noise. The Walsh-Hadamard spreading sequences 
form a set of orthogonal sequences (codes) without 
interference between different codes within the same 
cell. This approach is similar to that used in the IS-
95 and the UMTS mobile radio standards. 
Assignment of transmission capacity to the cells can 
be done in different ways. To be comparable, all ap-
proaches discussed in this paper are based on cell 
sectoring with 90° sectors. The base stations are ar-
ranged in a rectangular grid, where each cell around 
the base station is subdivided into four sectors.  
Two LMDS network approaches are presented both 
for the downstream and the upstream links. In the 
first approach which is commonly used in TDMA 
systems, four frequencies are assigned to each cell, 
i.e., one to each sector. In the second approach, all 
sectors of a cell use the same frequency. A control 



algorithm is characterized for suppressing the in-
tracell interference and increasing the number of sub-
scribers. For the downlink, the intercell interference 
may cause that some subscribers located in an unfa-
vorable area do not get any connection. To solve this 
problem, a multimode CDMA technique is suggested. 

2. Downstream Link Approaches 

2.1. Four Frequencies per Cell 

We consider a rectangular cell pattern with four 90° 
sectors per cell, each occupying a bandwidth of W 
Hz. The CDMA spreading factor is N. As it has be-
come popular in LMDS network design, different 
frequency channels are assigned to different sectors. 
The channels are labeled as A, B, C and D, respec-
tively. Each of these channels is reused in adjacent 
cells by following the mirror-image rule of channel 
assignment (Fig. 1). Because of this cell pattern, 
there is no intracell interference on one hand, and no 
interference between adjacent cells on the other hand. 
Most interference is due to the second-nearest cells 
which have an identical frequency arrangement, i.e., 
which use the four channels in the same directions. 
In the upper right part of Fig. 1 the interference 
situation is illustrated for a subscriber located at the 
border between sectors B and C; the interference is 
caused by the base station of the second nearest cell 
to the left. 
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Fig. 1: Rectangular cell pattern with 90° sectoring 
(A, B, C, D denote four different frequencies). 

The channel bandwidth is W Hz, and since the 
spreading factor is N, each code transmits a bit rate 
which can be transmitted in a W/N Hz bandwidth in 
the single-user case. The signal-to-interference-ratio 
(SIR) seen by a subscriber is given by  
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where K is the number of codes used by the base sta-
tion, 2D is the distance between two adjacent base 
stations, and d is the distance between a subscriber 
and its base station (see [5]). The worst case SIR of 
14 dB occurs when the subscriber is located at d = D, 
and K = N codes are active.  
The SIR subjected to the subscriber’s position in a 
sector is shown in Fig. 2. Because of the equivalent 
cell configuration, there is no difference in the inter-
cell interference and overall cell capacity between the 
CDMA and TDMA approaches. 
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Fig. 2: SIR distribution within a sector (subscriber 
antenna beam width 5°, base station in the upper 
left corner). 

 
2.2. One Frequency per Cell 

The second approach aims at enhancing the overall 
cell capacity without increasing the intercell interfer-
ence. Only one code family is reused in all sectors of 
the network. Again, a rectangular cell grid is as-
sumed having four sectors per cell; all sectors of a 
cell use the same frequency. Four frequencies are as-
signed to the cells by observing the mirror image rule 
so that the intercell interference is mainly produced 
by the second nearest cells (Fig. 3). The worst-case 
SIR for this interference is  11 dB according to (1). 
The decrease from 14 dB to 11 dB is due to the fact 



that now two sectors interfere with N active codes 
each, i.e. K = 2N (see Fig. 3, upperleft sectors labeled 
as C). Additionally an intracell interference appears, 
because subscribers located along the sector borders 
receive two different downstreams on the same fre-
quency. For example, the subscriber in the upper 
right corner in Fig. 3 will receive the downstreams 
which belong to both the upper and the lower sector 
C producing 0 dB worst-case SIR. 
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Fig. 3: Rectangular cell pattern with 90° sectoring. 
A, B, C, D denote four different frequencies; all 
sectors in a cell use the same frequency. 

 
In order to overcome this problem, four overlapping 
areas and one non-overlapping area are introduced 
for each sector (Fig. 4). If, for example, in sector 1 
the code set N1 is in use, a subscriber located in the 
non-overlapping area of sector 1 will receive only the 
codes from this set. A subscriber located in an over-
lapping area, however, will receive these codes plus 
the downstream codes belonging to its adjacent sec-
tor. To avoid overlapping effects, the base station 
must allocate downstream bandwidth in such a way 
that the conditions 
 

NS  ∪  N1 ⊆ N 
N1  ∪  N2 ⊆ N 

... 
NS-1 ∪ NS ⊆ N 

 
are always fulfilled. N is a CDMA code family, and 
Nj is the set of codes selected from N which are allo-
cated to sector j; j = 1, 2, ..., S, where S is the number 

of sectors in a cell; S = 4 in our example. If the con-
ditions above are fulfilled, then there is no intracell 
interference. Since the sectoring restricts in the over-
lapping areas the number of active codes to K = N, 
the intercell interference is again 14 dB (instead of 11 
dB and K = 2N when no sectoring is performed). 
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Fig. 4: Downstream interference areas. In sector 1 
there are two overlapping areas in which a sub-
scriber receives code set N1 ∪∪ NS, or code set 
N1 ∪∪ N2, respectively. 
 
In applying this allocation procedure, a code used in 
one sector cannot be reused in neighboring sectors, 
and therefore in the downlink the maximum number 
of codes which can be used within a cell without any 
intracell interference is S*N/2. An advantage of this 
method arises from the fact that the overlap sector 
needs not to be located along the grid, but can be ro-
tated towards regions with low subscriber densities. 
Also the number of sectors can be increased (with re-
duced antenna beamwidth). Note that the intercell 
interference remains unchanged although the avail-
able bandwidth in a cell increases with the number of 
its sectors. 
 
2.3. Multimode CDMA 

For the next method of CDMA application we like-
wise assume the usage of only one frequency within a 
cell, but now a spreading factor of 4N and a total 
bandwidth occupancy of 4W Hz is applied, where W 
Hz is the individual channel bandwidth. The set of 
4N orthogonal spreading sequences of length 4N is 
partitioned into four disjoint subsets of N sequences, 
and each subset is assigned to one sector. Each sector 
can thus provide a capacity of N codes with a bit rate 
of W/N Hz per code. In terms of maximum cell ca-
pacity and bandwidth occupancy, this CDMA scheme 
is equivalent to the four frequencies per cell scheme 
for TDMA or CDMA. Since the bandwidth is 4W, all 
cells use the same frequency band and the distance to 
the interfering base station is reduced to 2D. Adja-
cent cells are separated only by the PN scrambling 



sequences in this case. The situation is shown in Fig. 
5 where A, B, C and D denote subsets of codes trans-
mitted in the same frequency channel. With K desig-
nating the number of active codes, the SIR due to the 
adjacent cell is given by 
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as derived in [5]. With K = 2N interfering codes and 
d = D, this leads to a worst case SIR of 12.5 dB, 
which is indeed worse compared with the four fre-
quency per cell approach. This can be overcome by 
the multimode CDMA, which exploits the fact that 
only a small number of users are subjected to strong 
interference and that a particular processing can be 
adopted for these users located in the shaded regions 
depicted in Fig. 6. According to (2), the SIR at the 
inner edge (with d=0.7D) is 14.7 dB. 
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Fig. 5: Rectangular cell pattern for multimode 
CDMA (A, B, C, D denote subsets of spreading se-
quences). 

To improve the SIR of users located in the shaded re-
gions we extend the spreading sequence from 4N to 
8N chips. With respect to the correlation over 4N 
chips the SIR is increased by 3 dB. Since the trans-
mitted bit rate is reduced by a factor of two, just two 
sequences of length 8N have to be assigned to these 
users to keep the bit rate unchanged. From the family 
of scrambled Walsh-Hadamard codes these extended 
sequences, which do not destroy the orthogonality 
with the remaining length 4N sequences, can easily 
be constructed [6].  
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Fig. 6: Strong interference regions on the down-
stream channel (shaded regions) 

In calculating the net gain in terms of worst case SIR, 
the increase of the total number of spreading se-
quences has to be taken into account. If M is the 
number of subscribers per sector to which double-
length sequences are assigned, then the total number 
of sequences is N+M. The penalty associated to the 
increase of the number of sequences is: 
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For M = N/8, this amounts to 0.5 dB, so that the net 
improvement of worst case SIR is 

12.5 dB + 3 dB - 0.5 dB = 15 dB. 

This concept can be generalized by defining an arbi-
trary number of areas in each sector and by assigning 
sequences with different lengths (e.g. 8N, 16N, ...) 
according to the interference in these areas [5]. 

3. Upstream Link Approaches 

3.1. Four Frequencies per Cell 

The cell pattern is the same as in case of the corre-
sponding downstream link in Fig. 1. However, a base 
station may receive three different upstream beams 
on the same frequency sent by subscribers from sec-
ond nearest cells, which are located in the horizontal, 
vertical or diagonal directions, respectively. The 
interference paths are indicated by the dashed lines in 
Fig. 1. Assuming that all these subscribers use K 
codes, then the SIR for the horizontal and vertical 
interference path is given by (1) and for the diagonal 
path it is  
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The worst case SIR from (1) is 14 dB for d=D and 
K=N. For the diagonal path the worst case SIR of 
14 dB is given by (3) with d= 2 D and K=N. The 
resulting total SIR is 14 dB - 10log3 = 9.2 dB. Since 
this SIR is the same for all subscribers in the inter-
fered cell this prevents the whole cell from modula-
tion formats higher than QPSK and restricts band-
width efficiency and overall cell capacity.  
To improve the interference situation, the number of 
codes for subscriber positions causing high interfer-
ence must be limited. This can be done in a static 
way at setup of the network, since the upstream 
interference level in the second nearest cell can be 
derived from the topology of the network. In Fig. 7 
the SIR caused in one of the second nearest cells by a 
subscriber transmitting with all N codes to its base 
station in the lower right corner is shown. If the 
number of codes n assigned to a subscriber is lower 
than N, these SIR values are increased by 
10 log(N/n). For n=N/4, the increase of SIR is 6 dB. 
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Fig. 7: SIR in the second nearest cell caused by 
upstream transmission (BS at lower right corner) 

 
CDMA offers a possibility to increase the overall cell 
capacity. That is, restriction of the peak rate in the 
regions below 25 dB in Fig. 7 so that the worst case 
SIR is always higher than 25 dB. If three cells are 
interfering the remaining SIR is 25 dB - 10 log 3 = 
20.2 dB and allows the use of 16QAM for all users in 
that cells, thus doubling the capacity. 

3.2. One Frequency per Cell 

3.2.1. Sectoring with Codes 

The frequency assignment of the multimode CDMA 
explained in section 2.3 leads in the upstream direc-
tion to an improved interference situation. Again, we 
use the scheme shown in Fig. 5, assuming a band-
width of 4W Hz, 4N codes with a spreading factor of 
4N and an assignment of N codes to each sector. The 
worst-case SIR from each of the interfering cells is 
given by (2) with d = D. This value is reached only 
for a small angle around the sector border corre-
sponding to the beamwidth of the antenna, and for 
the furthest points of the interfering cell. If, for ex-
ample, the total number of codes assigned to sub-
scribers in these areas is N/2, this gives an SIR of 
18.5 dB. For K = N/4, we have an SIR of 21.5 dB. 
This shows that in upstream direction a given base 
station gets interference from only a small number of 
subscribers in adjacent cells. Thus, the worst-case 
SIR can be kept higher than with a TDMA approach 
with 9.2 dB according to section 3.1. 
 
3.2.2. Sectoring with Antenna Beamwidth 

The method described here aims at further improving 
the overall cell capacity without increasing upstream 
interference. Let us again assume a bandwidth of W 
Hz used in all sectors and N codes with spreading 
factor N. If the same N codes are assigned to each 
sector, we get the same cell capacity as in the previ-
ous approach with 4W Hz bandwidth and 4N codes, 
from which only N are assigned to a sector. However, 
the bandwidth is reduced by a factor of 4 in this case. 
Now the frequency assignment pattern as shown in 
Fig. 3 can be applied. This leads to a higher worst-
case SIR according to the considerations in section 
3.1. The separation between adjacent sectors is en-
sured in this case by the beamwidth of the subscriber 
antenna. 
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Fig. 8: Upstream intracell interferenc areas. A3S, 
A1, A3, A4 are the overlapping areas of sector 1; A2 
is the non-overlapping area of sector 1. 



However, subscribers located in a small section 
around the sector borders can meet with their up-
stream beam two receiver antennas at the base sta-
tion: the antenna belonging to its sector and the an-
tenna belonging to their neighboring sector. There 
are again four overlapping areas and one non-
overlapping area relevant for each sector (Fig. 8). 
To avoid overlapping effects, an algorithm has to be 
installed at the base station which allocates down-
stream bandwidth observing the following conditions: 
 
  N3S    ∪ N1     ∪ N2    ∪ N3 ∪ N4 ⊆ N  
  N3     ∪ N4     ∪ N5    ∪ N6  ∪ N7 ⊆ N  
 ... 
  N3S-3  ∪ N3S-2 ∪ N3S-1 ∪ N3S ∪ N1 ⊆ N. 
 
If, e.g., a subscriber located in sector 1 area A1 (Fig. 
8) transmits with full capacity, then none of the sub-
scribers located in the areas A3S, A2, A3, A4 can send 
any information. If all requesting subscribers are lo-
cated in the non-overlapping areas, at most S*N 
codes can be allocated instead of S*N/2 codes when 
all requesting subscribers are located in the overlap-
ping areas. 
As already indicated in Fig. 8 and in the formula 
above, a cell can be subdivided into more than four 
sectors. In such cases there will no longer be the 
strong three-beam interference situation shown in 
Fig. 3 so that the intercell interference problem is de-
fused with the increasing number of sectors. 

4. Implementation Requirements 

Besides the general architectural considerations of 
the systems, also some implications with respect to 
the practical realization should be taken into account. 
The methods described in this paper are based on or-
thogonal CDMA. Orthogonality of the spreading se-
quences can be affected, e.g., by chip phase synchro-
nization inaccuracies, carrier frequency offsets, phase 
noise of oscillators and so on. All these effects intro-
duce multiple access interference (MAI) to the signal 
and degrade performance. 
To assess the influence of these basic effects, meas-
urements with a lab test system and also some simu-
lations were performed. The system contains a 
CDMA link with transmitters capable to transmit a 
variable number of sequences, an RF up- and down-
conversion for the LMDS frequency range and a syn-
chronous receiver. 
The chip phase synchronization for the downstream 
is inherently given because all sequences are gener-
ated in the same transmitter or at the same base sta-
tion. For the upstream each subscriber has to be syn-
chronized with respect to the chip clock phase and 

the carrier frequency. This requires a closed loop 
phase control via the down-link and the distribution 
of a reference frequency to all terminal stations. The 
required chip clock phase accuracy turned out to be 
the range of 1/16th to 1/32th chip duration. Keeping 
in mind that the chip frequency is identical to the 
symbol frequency of an equivalent TDMA system 
(which also needs a certain time synchronization), 
this requirement can be fulfilled with appropriate al-
gorithms available (e.g. [7]).  
In contrast, the introduced MAI due to carrier offset 
is significant. A frequency offset of 0.05/N * chip fre-
quency causes a signal-to-MAI ratio of 22 dB. For a 
28 MHz channel bandwidth and a spreading factor of 
128, this offset is about 10 kHz. This means that a 
carrier frequency offset compensation with an accu-
racy better than 1 ppm for an RF of 28 GHz is re-
quired for orthogonal CDMA. Although challenging, 
this can be accomplished e.g. by using the chip clock 
frequency as a stable reference frequency which is 
available in all network terminations and to which 
the carrier is locked.  
Thus, the practical realization and exploitation of the 
orthogonal CDMA advantages seems to be in fact 
feasible with a certain amount of additional effort. 
The detailed evaluation of this topic, however, is not 
within the scope of this paper. 

5. Summary and Conclusions 

For the application of CDMA in LMDS networks dif-
ferent approaches are analyzed with respect to their 
worst-case interference and maximum cell capacity. 
The first approach is derived from the four frequen-
cies per cell assignment scheme commonly used in 
TDMA systems. In downstream direction, the inter-
cell interference is the same for TDMA and CDMA. 
On the upstream, CDMA allows the restriction of the 
peak capacity of highly interfering subscribers. This 
leads to interference reduction and an increase of the 
overall cell capacity. 
The second approach is based on the use of only one 
frequency per cell. It aims at increasing capacity by 
cell sectoring. To improve the worst-case SIR for the 
downlink, the multimode CDMA is presented, which 
allows the connection of subscribers even in the worst 
case areas of the sectors, however, at cost of reduced 
peak rate. 
In the upstream, it turned out that the intercell inter-
ference with CDMA can be kept significantly lower 
than with TDMA. An additional increase of overall 
cell capacity is possible by exploiting the reuse of 
codes within the cell and by separating the sectors 
with the beamwidth of the upstream antenna. Here 
too dynamic control of code assignment is applied.  



The specific advantages of this method are: 
 
• The assignment is done dynamically taking into 

account the actual bit rate requirements, the loca-
tion of the subscribers in the cell as well as the 
individual interference situations in the overlap-
ping areas of adjacent sectors. 

 
• Sector sizes can vary and therefore they can eas-

ily be adapted to topological, environmental, or 
structural conditions. 

 
• To cell areas with high bandwidth demands 

“small” sectors are assigned having a small apex 
angle. 

 
• The overall transmission capacity and the peak 

capacity per subscriber is improved with increas-
ing number of sectors in a cell. 

 
In summarizing, it can be stated that the application 
of CDMA to LMDS networks can offer a high degree 
of flexibility with respect to network planning and 
capacity optimization, despite some undoubted chal-
lenging implementation requirements. Although the 
peak rate for some subscribers located in unfavorable 
positions has to be reduced, the overall capacity can 
be increased. Limitation of the interference level is 
possible without synchronization of different base sta-
tions, as it would be the case with TDMA. 
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