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Abstract

A cellular code-division multiple ac​cess (CDMA) system operating in the 63-64 GHz band for short-range communications is studied and analyzed. The system capacity, ex​pressed as the maximum number of users per cell, is analyt​ically derived and favorably compared with other CDMA schemes operating in conventional frequency bands (i.e. below 2 GHz). It turns out that the use of 63-64 GHz band signifi​cantly increases the capacity of a CDMA network, and proves to be suit​able for cellular sys​tems, personal communication networks (PCNs) and wireless broadband access.
1. Introduction

The capacity of Code Division Multiple Access (CDMA) systems is severely limited by the strong co-channel interference that calls for the adoption of some adequate countermeasures. An interesting mean to improve system capacity, with minimal complexity increase, is represented by the use of the 63-64 GHz band, in the vicinity of the oxygen absorption peak [1], where the effects of the adjacent interferers are significantly reduced. Such an approach promises substantial capacity gain due to the increased separation of users provided by natural atmospheric attenuation. Also, the large bandwidth available at those frequencies can be used for broadband services and permits the use of spread-spectrum (SS) transmission with large processing gains that considerably enhances system robustness against interference.


The goal of this work is to evaluate the capacity obtained by using the 63-64 GHz band for short-range CDMA communications.

2. System Outline

The cellular system analyzed is shown in (Fig. 1). For the sake of network management simplicity, the access technique is assumed asynchronous CDMA (A-CDMA) and the users are supposed uni​formly distributed on the coverage area. The cell stations have azimuth-omnidirectional antennas, while mobile/portable units may have either omnidirectional or low-directional aerials.


In the forward-link, each station transmits N sig​nals of equal power P to N ac​tive users inside the cell, while in the return-link, perferct power-control is assumed to eliminate the "near-far problem". In the following analysis we restrict our attention to the forward-link, and we assume the cell #1 as the reference cell, that is the cell transmitting the useful signal toward the receiver placed in a corner of the cell at distance R from the transmitter (Fig. 1).


Several CDMA interfering signals add to the useful signal at the receiver RF front-end, and considering a large number of transmitted chan​nels, we can invoke a central-limit argument and model CDMA interference as additional Additive White Gaussian Noise (AWGN).


Now, denoting with E the average energy per bit received at distance R from the transmitter, the received signal power is P(R). Also, denoting with 

 the ratio between the useful signal car​rier power and the total interfering power, compre​hensive of both AWGN and CDMA interference with one-sided power spectral density (PSD) 

 and 

, respectively, eval​u​ated at distance R from the transmitter, we have





(1)

In the practice, the value of 

 is fixed by the BER required to achieve the desired signal quality. The required BER depends on the type of service provided. In practical voice communications, a maximum BER of 0.001 is often assumed. This value can be significantly smaller when dealing with data transmission.
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Figure 1: Cellular system model

3. Propagation Model

In the following, the propagation model used to derive the main results of this study is outlined and discussed. The model is based on the study reported in [1]. The model was found to match remarkably well experimental data.

3.1 Atmospheric Attenuation
Atmospheric attenuation in the proximity of 60 GHz is mainly originated by two causes, namely rain and oxygen.

3.1.1 Rain
When using frequencies above 10 GHz rain attenuation affects radio propagation, depending upon the rain rate r, usually ex​pressed in mm/h [2].
3.1.2 Oxygen
For carrier frequencies in the 63-64 GHz band the oxygen absorption introduces a further attenua​tion, whose specific value 

 is about 11 dB/km for 

=63 GHz.
3.2 Overall Attenuation
The resulting specific attenuation factor due to at​mospheric causes is therefore the sum of both the contributions (in dB/km). Also, the received power varies as the squared inverse of the distance from the transmitter. This holds true for free-space propagation only and does not apply to urban areas where different propagation models must be used.


Further details about millimeter-wave radio propagation in urban areas an be found in Ref. [3].

4. Numerical Results

Let us evaluate first the capacity of a simple A-CDMA system for mobile communications at low data rate, suited for cellular and IVHS (Intelligent Vehicle-Highway System) applications. The "asynchronous" multiplexing approach selected here guarantees reduced complexity at both modem architecture and system management levels. The modulation scheme is QPSK. The activity factor 

 is set to 0.5. Also, we set the processing gain 

, that allows the transmission of a bit rate 

 kb/s within a bandwidth 

 MHz. Recalling that forward-link and return-link operate in different frequency bands, the overall bandwidth occupancy of this CDMA cellular/IVHS service amounts to 12 MHz.


Figure 2 shows the number of users per cell (N) versus the cell radius (R) for a target bit error rate (BER) 

. In the numerical derivation of the system capacity we assumed 

. 


Such an as​sumption is quite reasonable for an IVHS scenario while in the case of urban propagation it represents a sort of "worst-case" condition, because it implies a strong adjacent-cell interference. The curves are plotted from equation (5) for a fixed value of 

 (determined by the required BER) and in the absence of thermal noise. Thick line corresponds to 63 GHz and the thin one to 1 GHz. From Fig. 2 it is apparent that the use of 63-64 GHz band improves the perfor​mance of the A-CDMA system over the use of 1-2 GHz and that beyond 1 km the capacity gain is approximately zero. Therefore, in the fol​lowing, unless otherwise specified, we consider 

 km.


As a case study, we consider now a wideband access provided by means of a wireless "last mile" connection at 63 GHz between customer premises and some radio base stations that serve as gateways with the cable/optical fiber network backbone, thus avoiding the costly operation of wiring offices and houses. (e.g. l

This permits the use, of a low-directional antenna, that helps in getting rid of undesired signals coming from surrounding gateway stations. The users' terminals are supposed to be portable (e.g. laptop computers), but conceived to operate from a fixed position. 
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1.112 0 mul 1 mul 0 F4 F3 cmod mul 0 mul add /F5 xd
1.112 0 mul 0 mul 0 F4 F3 cmod mul 1 mul add /F6 xd
F3 F4 cmod dup 0 mul F3 add /F3 xd 0 mul F4 add /F4 xd
NoFo
[F1 F2 F3 F4 F5 F6] sef
0.15541 0.51352 m (60) show
/NoFo {/Times-Roman} bd
/NoFo {/Helvetica} bd
0.03011 dup 0 mul /F3 xd 1 mul /F4 xd
0.03011 dup 1 mul /F1 xd 0 mul /F2 xd
1.112 0 mul 1 mul 0 F4 F3 cmod mul 0 mul add /F5 xd
1.112 0 mul 0 mul 0 F4 F3 cmod mul 1 mul add /F6 xd
F3 F4 cmod dup 0 mul F3 add /F3 xd 0 mul F4 add /F4 xd
NoFo
[F1 F2 F3 F4 F5 F6] sef
0.15541 0.61828 m (80) show
/NoFo {/Times-Roman} bd
/NoFo {/Helvetica} bd
0.03011 dup 0 mul /F3 xd 1 mul /F4 xd
0.03011 dup 1 mul /F1 xd 0 mul /F2 xd
1.668 0 mul 1 mul 0 F4 F3 cmod mul 0 mul add /F5 xd
1.668 0 mul 0 mul 0 F4 F3 cmod mul 1 mul add /F6 xd
F3 F4 cmod dup 0 mul F3 add /F3 xd 0 mul F4 add /F4 xd
NoFo
[F1 F2 F3 F4 F5 F6] sef
0.13867 0.72304 m (100) show
/NoFo {/Times-Roman} bd
/NoFo {/Helvetica} bd
0.03011 dup 0 mul /F3 xd 1 mul /F4 xd
0.03011 dup 1 mul /F1 xd 0 mul /F2 xd
1.668 0 mul 1 mul 0 F4 F3 cmod mul 0 mul add /F5 xd
1.668 0 mul 0 mul 0 F4 F3 cmod mul 1 mul add /F6 xd
F3 F4 cmod dup 0 mul F3 add /F3 xd 0 mul F4 add /F4 xd
NoFo
[F1 F2 F3 F4 F5 F6] sef
0.13867 0.8278 m (120) show
/NoFo {/Times-Roman} bd
/NoFo {/Helvetica} bd
0.03011 dup 0 mul /F3 xd 1 mul /F4 xd
0.03011 dup 1 mul /F1 xd 0 mul /F2 xd
1.668 0 mul 1 mul 0 F4 F3 cmod mul 0 mul add /F5 xd
1.668 0 mul 0 mul 0 F4 F3 cmod mul 1 mul add /F6 xd
F3 F4 cmod dup 0 mul F3 add /F3 xd 0 mul F4 add /F4 xd
NoFo
[F1 F2 F3 F4 F5 F6] sef
0.13867 0.93256 m (140) show
/NoFo {/Times-Roman} bd
/NoFo {/Helvetica} bd
0.03011 dup 0 mul /F3 xd 1 mul /F4 xd
0.03011 dup 1 mul /F1 xd 0 mul /F2 xd
1.668 0 mul 1 mul 0 F4 F3 cmod mul 0 mul add /F5 xd
1.668 0 mul 0 mul 0 F4 F3 cmod mul 1 mul add /F6 xd
F3 F4 cmod dup 0 mul F3 add /F3 xd 0 mul F4 add /F4 xd
NoFo
[F1 F2 F3 F4 F5 F6] sef
0.13867 1.0373 m (160) show
/NoFo {/Times-Roman} bd
/NoFo {/Helvetica} bd
0.03011 dup 0 mul /F3 xd 1 mul /F4 xd
0.03011 dup 1 mul /F1 xd 0 mul /F2 xd
1.668 0 mul 1 mul 0 F4 F3 cmod mul 0 mul add /F5 xd
1.668 0 mul 0 mul 0 F4 F3 cmod mul 1 mul add /F6 xd
F3 F4 cmod dup 0 mul F3 add /F3 xd 0 mul F4 add /F4 xd
NoFo
[F1 F2 F3 F4 F5 F6] sef
0.13867 1.1421 m (180) show
/NoFo {/Times-Roman} bd
/NoFo {/Helvetica} bd
0.03011 dup 0 mul /F3 xd 1 mul /F4 xd
0.03011 dup 1 mul /F1 xd 0 mul /F2 xd
1.668 0 mul 1 mul 0 F4 F3 cmod mul 0 mul add /F5 xd
1.668 0 mul 0 mul 0 F4 F3 cmod mul 1 mul add /F6 xd
F3 F4 cmod dup 0 mul F3 add /F3 xd 0 mul F4 add /F4 xd
NoFo
[F1 F2 F3 F4 F5 F6] sef
0.13867 1.2468 m (200) show
/NoFo {/Times-Roman} bd
/NoFo {/Helvetica} bd
0.03644 dup -1 mul /F3 xd 4.633e-05 mul /F4 xd
0.03644 dup 4.633e-05 mul /F1 xd 1 mul /F2 xd
0.0007465 0 mul 4.633e-05 mul 0 F4 F3 cmod mul -1 mul add /F5 xd
0.0007465 0 mul 1 mul 0 F4 F3 cmod mul 4.633e-05 mul add /F6 xd
F3 F4 cmod dup 0 mul F3 add /F3 xd 0 mul F4 add /F4 xd
NoFo
[F1 F2 F3 F4 F5 F6] sef
0.10728 0.44453 m (NUMBER OF USERS PER CELL, N
) show
/NoFo {/Times-Roman} bd
VPT 1 eq {
C_L 0 gt {gr} if gs
0.214286 0.214286 0.690476 1.04762 rectclip np
/C_L 1 d
 } if
C_L 0 gt {gr} if gs
0 0 1 1.41429 rectclip np
/C_L 1 d
0.0012547 setlinewidth
/NoFo {/Helvetica} bd
0.03011 dup 0 mul /F3 xd 1 mul /F4 xd
0.03011 dup 1 mul /F1 xd 0 mul /F2 xd
2.834 0 mul 1 mul 0 F4 F3 cmod mul 0 mul add /F5 xd
2.834 0 mul 0 mul 0 F4 F3 cmod mul 1 mul add /F6 xd
F3 F4 cmod dup 0 mul F3 add /F3 xd 0 mul F4 add /F4 xd
NoFo
[F1 F2 F3 F4 F5 F6] sef
0.74261 0.86815 m (1 GHz
) show
/NoFo {/Times-Roman} bd
/NoFo {/Helvetica} bd
0.03011 dup 0 mul /F3 xd 1 mul /F4 xd
0.03011 dup 1 mul /F1 xd 0 mul /F2 xd
3.39 0 mul 1 mul 0 F4 F3 cmod mul 0 mul add /F5 xd
3.39 0 mul 0 mul 0 F4 F3 cmod mul 1 mul add /F6 xd
F3 F4 cmod dup 0 mul F3 add /F3 xd 0 mul F4 add /F4 xd
NoFo
[F1 F2 F3 F4 F5 F6] sef
0.51478 1.1566 m (63 GHz
) show
/NoFo {/Times-Roman} bd
/NoFo {/Helvetica} bd
/NoFo {/Symbol} bd
/NoFo {/Helvetica} bd
/NoFo {/Symbol} bd
0.03011 dup 0 mul /F3 xd 1 mul /F4 xd
0.03011 dup 1 mul /F1 xd 0 mul /F2 xd
0.411 0 mul 1 mul 0 F4 F3 cmod mul 0 mul add /F5 xd
0.411 0 mul 0 mul 0 F4 F3 cmod mul 1 mul add /F6 xd
F3 F4 cmod dup 0 mul F3 add /F3 xd 0 mul F4 add /F4 xd
NoFo
[F1 F2 F3 F4 F5 F6] sef
0.50957 0.32806 m (g) show
/NoFo {/Helvetica} bd
0.03011 dup 0 mul /F3 xd¡�À � 1 mul /F4 xd
0.03011 dup 1 mul /F1 xd 0 mul /F2 xd
2.474 0 mul 1 mul 0 F4 F3 cmod mul 0 mul add /F5 xd
2.474 0 mul 0 mul 0 F4 F3 cmod mul 1 mul add /F6 xd
F3 F4 cmod dup 0 mul F3 add /F3 xd 0 mul F4 add /F4 xd
NoFo
[F1 F2 F3 F4 F5 F6] sef
0.52194 0.32806 m (=2  G) show
0.02048 dup 0 mul /F3 xd 1 mul /F4 xd
0.02048 dup 1 mul /F1 xd 0 mul /F2 xd
0.556 0 mul 1 mul 0 F4 F3 cmod mul 0 mul add /F5 xd
0.556 0 mul 0 mul 0 F4 F3 cmod mul 1 mul add /F6 xd
F3 F4 cmod dup 0 mul F3 add /F3 xd 0 mul F4 add /F4 xd
NoFo
[F1 F2 F3 F4 F5 F6] sef
0.59644 0.31902 m (p) show
0.03011 dup 0 mul /F3 xd 1 mul /F4 xd
0.03011 dup 1 mul /F1 xd 0 mul /F2 xd
6.56 0 mul 1 mul 0 F4 F3 cmod mul 0 mul add /F5 xd
6.56 0 mul 0 mul 0 F4 F3 cmod mul 1 mul add /F6 xd
F3 F4 cmod dup 0 mul F3 add /F3 xd 0 mul F4 add /F4 xd
NoFo
[F1 F2 F3 F4 F5 F6] sef
0.60783 0.32806 m (=750  BER=10) show
0.02048 dup 0 mul /F3 xd 1 mul /F4 xd
0.02048 dup 1 mul /F1 xd 0 mul /F2 xd
0.333 0 mul 1 mul 0 F4 F3 cmod mul 0 mul add /F5 xd
0.333 0 mul 0 mul 0 F4 F3 cmod mul 1 mul add /F6 xd
F3 F4 cmod dup 0 mul F3 add /F3 xd 0 mul F4 add /F4 xd
NoFo
[F1 F2 F3 F4 F5 F6] sef
0.80536 0.34613 m (-) show
0.02048 dup 0 mul /F3 xd 1 mul /F4 xd
0.02048 dup 1 mul /F1 xd 0 mul /F2 xd
0.556 0 mul 1 mul 0 F4 F3 cmod mul 0 mul add /F5 xd
0.556 0 mul 0 mul 0 F4 F3 cmod mul 1 mul add /F6 xd
F3 F4 cmod dup 0 mul F3 add /F3 xd 0 mul F4 add /F4 xd
NoFo
[F1 F2 F3 F4 F5 F6] sef
0.81218 0.34613 m (2) show
0.03011 dup 0 mul /F3 xd 1 mul /F4 xd
0.03011 dup 1 mul /F1 xd 0 mul /F2 xd
0 0 mul 1 mul 0 F4 F3 cmod mul 0 mul add /F5 xd
0 0 mul 0 mul 0 F4 F3 cmod mul 1 mul add /F6 xd
F3 F4 cmod dup 0 mul F3 add /F3 xd 0 mul F4 add /F4 xd
NoFo
[F1 F2 F3 F4 F5 F6] sef
0.82357 0.32806 m (
) show
/NoFo {/Times-Roman} bd
/NoFo {/Symbol} bd
/NoFo {/Helvetica} bd
VPT 1 eq {
C_L 0 gt {gr} if gs
0.214286 0.214286 0.690476 1.04762 rectclip np
/C_L 1 d
 } if
     /DshM [] d
     DshM 0 setdash
     /Dk 0 d
0.0012547 setlinewidth
-2 120.842 ck m
-1.9586 120.842 ck l
-1.9208 120.842 ck l
-1.8861 120.842 ck l
-1.8539 120.842 ck l
-1.8239 120.842 ck l
-1.7959 120.842 ck l
-1.7695 120.842 ck l
-1.7447 120.842 ck l
-1.7213 120.842 ck l
-1.699 120.842 ck l
-1.6778 120.842 ck l
-1.6576 120.842 ck l
-1.6383 120.842 ck l
-1.6198 120.842 ck l
-1.6021 120.842 ck l
-1.585 120.842 ck l
-1.5686 120.842 ck l
-1.5528 120.842 ck l
-1.5376 120.842 ck l
-1.5229 120.842 ck l
-1.5086 120.842 ck l
-1.4949 120.842 ck l
-1.4815 120.842 ck l
-1.4685 120.842 ck l
-1.4559 120.842 ck l
-1.4437 120.842 ck l
-1.4318 120.842 ck l
-1.4202 120.842 ck l
-1.4089 120.842 ck l
-1.3979 120.842 ck l
-1.3872 120.842 ck l
-1.3767 120.842 ck l
-1.3665 120.842 ck l
-1.3565 120.842 ck l
-1.3468 120.842 ck l
-1.3372 120.842 ck l
-1.3279 120.842 ck l
-1.3188 120.842 ck l
-1.3098 120.842 ck l
-1.301 120.842 ck l
-1.2924 120.842 ck l
-1.284 120.842 ck l
-1.2757 120.842 ck l
-1.2676 120.842 ck l
-1.2596 120.842 ck l
-1.2518 120.842 ck l
-1.2441 120.842 ck l
-1.2366 120.842 ck l
-1.2292 120.842 ck l
-1.2219 120.842 ck l
-1.2147 120.842 ck l
-1.2076 120.842 ck l
-1.2007 120.842 ck l
-1.1938 120.842 ck l
-1.1871 120.842 ck l
-1.1805 120.842 ck l
-1.1739 120.842 ck l
-1.1675 120.842 ck l
-1.1611 120.842 ck l
-1.1549 120.842 ck l
-1.1487 120.842 ck l
-1.1427 120.842 ck l
-1.1367 120.842 ck l
-1.1308 120.842 ck l
-1.1249 120.842 ck l
-1.1192 120.842 ck l
-1.1135 120.842 ck l
-1.1079 120.842 ck l
-1.1024 120.842 ck l
-1.0969 120.842 ck l
-1.0915 120.842 ck l
-1.0862 120.842 ck l
-1.0809 120.842 ck l
-1.0757 120.842 ck l
-1.0706 120.842 ck l
-1.0655 120.842 ck l
-1.0605 120.842 ck l
-1.0555 120.842 ck l
-1.0506 120.842 ck l
-1.0458 120.842 ck l
-1.041 120.842 ck l
-1.0362 120.842 ck l
-1.0315 120.842 ck l
-1.0269 120.842 ck l
-1.0223 120.842 ck l
-1.0177 120.842 ck l
-1.0132 120.842 ck l
-1.0088 120.842 ck l
-1.0044 120.842 ck l
-1 120.842 ck l
-0.95861 120.842 ck l
-0.92082 120.842 ck l
-0.88606 120.842 ck l
-0.85387 120.842 ck l
-0.82391 120.842 ck l
-0.79588 120.842 ck l
-0.76955 120.842 ck l
-0.74473 120.842 ck l
-0.72125 120.842 ck l
-0.69897 120.842 ck l
-0.67778 120.842 ck l
-0.65758 120.842 ck l
-0.63827 120.842 ck l
-0.61979 120.842 ck l
-0.60206 120.842 ck l
-0.58503 120.842 ck l
-0.56864 120.842 ck l
-0.55284 120.842 ck l
-0.5376 120.842 ck l
-0.52288 120.842 ck l
-0.50864 120.842 ck l
-0.49485 120.842 ck l
-0.48149 120.842 ck l
-0.46852 120.842 ck l
-0.45593 120.842 ck l
-0.4437 120.842 ck l
-0.4318 120.842 ck l
-0.42022 120.842 ck l
-0.40894 120.842 ck l
-0.39794 120.842 ck l
-0.38722 120.842 ck l
-0.37675 120.842 ck l
-0.36653 120.842 ck l
-0.35655 120.842 ck l
-0.34679 120.842 ck l
-0.33724 120.842 ck l
-0.3279 120.842 ck l
-0.31876 120.842 ck l
-0.3098 120.842 ck l
-0.30103 120.842 ck l
-0.29243 120.842 ck l
-0.284 120.842 ck l
-0.27572 120.842 ck l
-0.26761 120.842 ck l
-0.25964 120.842 ck l
-0.25181 120.842 ck l
-0.24412 120.842 ck l
-0.23657 120.842 ck l
-0.22915 120.842 ck l
-0.22185 120.842 ck l
-0.21467 120.842 ck l
-0.20761 120.842 ck l
-0.20066 120.842 ck l
-0.19382 120.842 ck l
-0.18709 120.842 ck l
-0.18046 120.842 ck l
-0.17392 120.842 ck l
-0.16749 120.842 ck l
-0.16115 120.842 ck l
-0.1549 120.842 ck l
-0.14874 120.842 ck l
-0.14267 120.842 ck l
-0.13668 120.842 ck l
-0.13077 120.842 ck l
-0.12494 120.842 ck l
-0.11919 120.842 ck l
-0.11351 120.842 ck l
-0.10791 120.842 ck l
-0.10237 120.842 ck l
-0.0969099 120.842 ck l
-0.0915149 120.842 ck l
-0.0861862 120.842 ck l
-0.0809219 120.842 ck l
-0.0757206 120.842 ck l
-0.0705811 120.842 ck l
-0.0655015 120.842 ck l
-0.0604806 120.842 ck l
-0.0555173 120.842 ck l
-0.0506099 120.842 ck l
-0.0457574 120.842 ck l
-0.0409585 120.842 ck l
-0.0362121 120.842 ck l
-0.0315169 120.842 ck l
-0.0268721 120.842 ck l
-0.0222763 120.842 ck l
-0.0177286 120.842 ck l
-0.0132283 120.842 ck l
-0.00877392 120.842 ck l
-0.00436482 120.842 ck l
0 120.842 ck l
0.0413926 120.842 ck l
0.0791812 120.842 ck l
0.113943 120.842 ck l
0.146127 120.842 ck l
0.176091 120.842 ck l
0.204119 120.842 ck l
0.230449 120.842 ck l
0.255272 120.842 ck l
0.278753 120.842 ck l
0.30103 120.842 ck l
0.322219 120.842 ck l
0.342422 120.842 ck l
0.361728 120.842 ck l
0.38021 120.842 ck l
0.39794 120.842 ck l
0.414972 120.842 ck l
0.431363 120.842 ck l
0.447158 120.842 ck l
0.462397 120.842 ck l
0.47712 120.842 ck l
0.491362 120.842 ck l
0.50515 120.842 ck l
0.518513 120.842 ck l
0.531479 120.842 ck l
0.544067 120.842 ck l
0.556303 120.842 ck l
0.568202 120.842 ck l
0.579783 120.842 ck l
0.591064 120.842 ck l
0.60206 120.842 ck l
0.612784 120.842 ck l
0.623248 120.842 ck l
0.633468 120.842 ck l
0.643453 120.842 ck l
0.653213 120.842 ck l
0.662757 120.842 ck l
0.672097 120.842 ck l
0.68124 120.842 ck l
0.690195 120.842 ck l
0.69897 120.842 ck l
0.70757 120.842 ck l
0.716003 120.842 ck l
0.724276 120.842 ck l
0.732393 120.842 ck l
0.740363 120.842 ck l
0.748188 120.842 ck l
0.755874 120.842 ck l
0.763427 120.842 ck l
0.770852 120.842 ck l
0.77815 120.842 ck l
0.785329 120.842 ck l
0.792392 120.842 ck l
0.799341 120.842 ck l
0.80618 120.842 ck l
0.812913 120.842 ck l
0.819544 120.842 ck l
0.826075 120.842 ck l
0.832508 120.842 ck l
0.838849 120.842 ck l
0.845098 120.842 ck l
0.851257 120.842 ck l
0.857333 120.842 ck l
0.863322 120.842 ck l
0.869231 120.842 ck l
0.87506 120.842 ck l
0.880814 120.842 ck l
0.886491 120.842 ck l
0.892095 120.842 ck l
0.897626 120.842 ck l
0.90309 120.842 ck l
0.908484 120.842 ck l
0.913814 120.842 ck l
0.919077 120.842 ck l
0.924278 120.842 ck l
0.929418 120.842 ck l
0.934498 120.842 ck l
0.939518 120.842 ck l
0.944482 120.842 ck l
0.949389 120.842 ck l
0.954243 120.842 ck l
0.95904 120.842 ck l
0.963787 120.842 ck l
0.968482 120.842 ck l
0.973128 120.842 ck l
0.977724 120.842 ck l
0.982271 120.842 ck l
0.986772 120.842 ck l
0.991226 120.842 ck l
0.995634 120.842 ck l
1 120.842 ck l
1.0414 120.842 ck l
1.0792 120.842 ck l
1.1139 120.842 ck l
1.1461 120.842 ck l
1.1761 120.842 ck l
1.2041 120.842 ck l
1.2305 120.842 ck l
1.2553 120.842 ck l
1.2787 120.842 ck l
1.301 120.842 ck l
1.3222 120.842 ck l
1.3424 120.842 ck l
1.3617 120.842 ck l
1.3802 120.842 ck l
1.3979 120.842 ck l
1.415 120.842 ck l
1.4314 120.842 ck l
1.4472 120.842 ck l
1.4624 120.84¡�À �2 ck l
1.4771 120.842 ck l
1.4914 120.842 ck l
1.5051 120.842 ck l
1.5185 120.842 ck l
1.5315 120.842 ck l
1.5441 120.842 ck l
1.5563 120.842 ck l
1.5682 120.842 ck l
1.5798 120.842 ck l
1.5911 120.842 ck l
1.6021 120.842 ck l
1.6128 120.842 ck l
1.6233 120.842 ck l
1.6335 120.842 ck l
1.6435 120.842 ck l
1.6532 120.842 ck l
1.6628 120.842 ck l
1.6721 120.842 ck l
1.6812 120.842 ck l
1.6902 120.842 ck l
1.699 120.842 ck l
1.7076 120.842 ck l
1.716 120.842 ck l
1.7243 120.842 ck l
1.7324 120.842 ck l
1.7404 120.842 ck l
1.7482 120.842 ck l
1.7559 120.842 ck l
1.7634 120.842 ck l
1.7708 120.842 ck l
1.7781 120.842 ck l
1.7853 120.842 ck l
1.7924 120.842 ck l
1.7993 120.842 ck l
1.8062 120.842 ck l
1.8129 120.842 ck l
1.8195 120.842 ck l
1.8261 120.842 ck l
1.8325 120.842 ck l
1.8389 120.842 ck l
1.8451 120.842 ck l
1.8513 120.842 ck l
1.8573 120.842 ck l
1.8633 120.842 ck l
1.8692 120.842 ck l
1.8751 120.842 ck l
1.8808 120.842 ck l
1.8865 120.842 ck l
1.8921 120.842 ck l
1.8976 120.842 ck l
1.9031 120.842 ck l
1.9085 120.842 ck l
1.9138 120.842 ck l
1.9191 120.842 ck l
1.9243 120.842 ck l
1.9294 120.842 ck l
1.9345 120.842 ck l
1.9395 120.842 ck l
1.9445 120.842 ck l
1.9494 120.842 ck l
1.9542 120.842 ck l
1.959 120.842 ck l
1.9638 120.842 ck l
1.9685 120.842 ck l
1.9731 120.842 ck l
1.9777 120.842 ck l
1.9823 120.842 ck l
1.9868 120.842 ck l
1.9912 120.842 ck l
1.9956 120.842 ck l
2 120.842 ck l
2.0414 120.842 ck l
2.0792 120.842 ck l
2.1139 120.842 ck l
2.1461 120.842 ck l
2.1761 120.842 ck l
2.2041 120.842 ck l
2.2304 120.842 ck l
2.2553 120.842 ck l
2.2787 120.842 ck l
2.301 120.842 ck l
2.3222 120.842 ck l
2.3424 120.842 ck l
2.3617 120.842 ck l
2.3802 120.842 ck l
2.3979 120.842 ck l
2.415 120.842 ck l
2.4314 120.842 ck l
2.4472 120.842 ck l
2.4624 120.842 ck l
2.4771 120.842 ck l
2.4914 120.842 ck l
2.5052 120.842 ck l
2.5185 120.842 ck l
2.5315 120.842 ck l
2.5441 120.842 ck l
2.5563 120.842 ck l
2.5682 120.842 ck l
2.5798 120.842 ck l
2.5911 120.842 ck l
2.6021 120.842 ck l
2.6128 120.842 ck l
2.6233 120.842 ck l
2.6335 120.842 ck l
2.6435 120.842 ck l
2.6532 120.842 ck l
2.6628 120.842 ck l
2.6721 120.842 ck l
2.6812 120.842 ck l
2.6902 120.842 ck l
2.699 120.842 ck l
2.7076 120.842 ck l
2.716 120.842 ck l
2.7243 120.842 ck l
2.7324 120.842 ck l
2.7404 120.842 ck l
2.7482 120.842 ck l
2.7559 120.842 ck l
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Figure 2: Cell capacity vs. cell radius

For the sake of simplicity we will assume that every terminal is equipped with an antenna having an ideal radiation pattern 100°-wide. It follows that a user in the worst-case location of Fig. 1, having the antenna with the center of its radiation lobe aimed at station #1, will not receive any interference from stations #4, 5, 8, 9, 10, 11 and 12.

5. Summary and Conclusions

Based on a simple propagation model for the 63-64 GHz band, the capacity of a cellular A-CDMA system has been derived. It turned out that the use of 63-64 GHz significantly increases the overall system capacity compared to conventional bands. For a given R, the capacity gain depends only on the propagation ex​ponent 

, and the gain is remarkable if the propagation condi​tions cause strong interference from other cells.


In this case the oxygen absorption is effective in reducing the inter​ference coming from distant cells, but not from the interferers having the same distance from the receiver as the reference cell station (near-in region). In any case, for the example considered, no further capacity increase is obtained for R greater than 1 km.
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