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Abstract 
 
 Millimeter-wave systems can be used, in point-to-multipoint configurations, to provide high data rate services to 
scattered users in rural and suburban areas. Radio spectrum can be made available for these applications, while 
technical standards exist that include the use of fade mitigation techniques. These are necessary to alleviate the 
propagation impairments that are characteristic of these frequency bands, particularly rain attenuation. In this paper, the 
performance of a point-to-multipoint system is evaluated using experimental propagation data. The simulated links are 
designed in accordance with the physical layer defined in IEEE 802.16 standard for its use in millimeter-wave bands. 
The relative advantage of using simple or combined fade mitigation techniques is quantified in the results.    
 

1. Introduction 
 
 Millimeter-wave (mm-w) point-to-multipoint systems can provide broadband connections in an efficient way. 
Suburban zones with scattered buildings or industrial areas in the outskirts of the main cities are scenarios where these 
systems can fulfill the needs for entertainment (i.e. TV and related services) and voice and data communications. Small 
villages in rural areas, with concentrated or disperse edifications, can also be served by this systems. Large portions of 
radio spectrum with relatively small use could be allocated for these applications.  
 
 These considerations are not completely new, as a decade ago a number of systems were proposed with this aim. 
These systems, known under the generic name of LMDS (Local Multipoint Distribution Systems) did not get the 
success that was expected, partly because most of them employed proprietary technologies, not compatible with others. 
Also, the lack of scale economies resulted in relatively high equipment costs. Currently, the possibility exists of using 
standards approved by the IEEE and other bodies [1,2] to implement mm-w point-to-multipoint systems, whose 
backhaul can also be implemented by means of point to point radiolinks exceeding 1 Gbps [3].   
 
 Particularly, the IEEE 802.16 standard [1] defines a physical layer for use in the 10-66 GHz band, known as 
WirelessMAN-SC (Single Carrier). This specification is designed to implement point-to-multipoint systems working in 
this band, with all the features regarding the Quality of Service provision of IP connections that are better known today 
because of their use in the WiMAX system. Actually, WiMAX employs a subset of 802.16 specifications (including 
802.16e [4] for mobility) with physical layers based on OFDM and OFDMA for lower frequencies.  
 
 These frequency bands are prone to the influence of troposphere propagation effects [5], particularly rain 
attenuation, which can impede the operation of the system in the presence of intense storms. To alleviate these effects, 
the specification includes FMT (fade mitigation techniques) [6], particularly transmission power control and adaptive 
modulation, which can be used separately or combined.  
 
 In this paper, some results are presented regarding the evaluation of performance of a hypothetical system, 
employing the SC physical layer of IEEE 802.16 standard, with combined fade mitigation techniques. The evaluation is 
based on simulations that make use of experimental propagation data gathered in Madrid, in a 38-GHz fixed radio-link. 
Thus, the simulated system employs this frequency band, and considers a link distance similar to that of the radio-link 
(slightly less than 1 km) in which the propagation data have been obtained. The presented results show the feasibility of 
employing this band for this application, with this system, as well as the relative improvements that can be obtained by 
the use of the considered mitigation techniques, and their combination. Moreover, the results should be of help in order 
to gain insight on the application of these techniques to more general systems operating in mm-w bands.   



 
 Section 2 of the paper describes the main technical parameters of the simulated system. The simulations carried 
out are presented in section 3. Section 4 concludes the paper by discussing the results.       
 

2. Simulated system characteristics 
 
 The IEEE 802.16 standard includes several Physical (PHY) Layer specifications, and a common Medium Access 
Control (MAC) Layer. It allows the implementation of point-to-multipoint systems, as well as mesh networks. The 
MAC layer is flexible enough to allow for different types of encapsulated traffic (IP, ATM and other) and PHY 
technologies. The WirelessMAN-SC PHY uses TDM in the downlink and TDMA in the uplink, with Frequency 
Division Duplex (FDD) or Time Division Duplex (TDD). Three modulation formats are allowed, QPSK, 16-QAM and 
64-QAM (not mandatory), and adaptive modulation can be used for the different Subscriber Stations (SS) within the 
same cell: links with longer distances and/or suffering from rain attenuation should make use of lower-level modulation 
formats, while at the same time links with better conditions may employ 64-QAM. Transmission power control is 
included in the specification. Fig. 1 represents the basic operations involved in signal generation. Measurements of 
RSSI (Received Signal Strength Indicator) and CINR (Carrier to Interference plus Noise Ratio) are taken in the SS and 
reported to the Base Station (BS). The BS intelligence decides on the transmission profiles for both links, and the 
corrections needed in the transmission power of the SS, so that the receiver power at the BS keeps to its target value.  
 

 
Fig. 1. Signal generation in WirelessMAN-SC PHY of IEEE 802.16.  

 
 An individual link connecting the BS and a SS has been simulated. As the downlink parameters are considered 
more favorable, simulations have been carried out on the uplink, with power control and the three modulation formats 
considered in the standard. The main technical parameters of the simulated link are shown in table 1. The clear-sky 
received level has been calculated for a link slightly shorter than 1 km.  
 
 Simulations have been carried out for three link configurations. In the first one, no FMT are employed, the 
transmitter is always operating at its maximum power, and the modulation is always 64-QAM. The link is considered 
unavailable whenever the received power is lower than the threshold corresponding to BER = 10 -3. From table 1, rain 
attenuation must exceed 8.5 dB for the link to be unavailable.  
 

Table 1. Technical parameters of the simulated system.  
TRANSMISSION RECEPTION 
Maximum Power 14 dBm Link Basic Loss (no rain) 124 dB 
Minimum Power -26 dBm Antenna Gain (BS) 15 dBi 
Antenna Gain (SS) 39 dBi Clear-sky received level (*) -56 dBm  
Bandwidth 28 MHz BER for thresholds 10-3              10-6 

Bit Rate (QPSK) 44.8 Mb/s Thresholds QPSK -79.5 dBm    -75.5 dBm 
Bit Rate (16-QAM) 87.6 Mb/s Thresholds 16-QAM -72.5 dBm    -68.5 dBm 
Bit Rate (64-QAM) 134.4 Mb/s Thresholds 64-QAM -64.5 dBm    -59.5 dBm 

(*) Calculated for maximum transmission power. 
 
 In the second link configuration (simple mode) power control and adaptive modulation work separately, with 
algorithms independent to each other. The target received power is, all the time, -56.5 dBm, 3 dB higher than the 64-
QAM threshold for BER = 10-6. The power control algorithm will adjust the transmission power to obtain this level in 
the receiver, whenever it is possible. In the third one (combined mode), both mitigation techniques are linked, so that 
the target received power depends on the modulation format. In each case, it is 3 dB higher than the modulation 
threshold for BER = 10-6.  In the second and third configurations, the link is considered unavailable when the received 
power is lower than the current modulation 10-3 threshold. 



3. Simulations and main results 
 
 Experimental propagation data gathered on a 38-GHz link have been used in the simulations. The experimental 
link distance is similar to the simulated one (≅1 km), but, being a point-to-point link, antenna gain is 40 dB in both 
terminals. Propagation data have been taken for a period of 21 consecutive months (October 2004 to June 2006). The 
full period has been used for the simulations, whose objectives do not include the extraction of average year statistics, 
but the relative comparison of systems with different configurations.  
 
 The gathered data have been processed to extract the rain events, and to obtain time series of excess attenuation 
caused by rain. This excess attenuation is added to the free space loss in the simulated system, to calculate in this way 
the received power as is shown in fig. 2 and 3, which take into account the differences in antenna gain and transmission 
power of both links (experimental and simulated). Attenuation is obtained at 18.66 sample/s, though it has been 
decimated to 1 sample/s in fig. 2 and 3 for more clarity of the representation.   
  
 The differences between simple and combined mode are apparent in the comparison of fig. 2 and 3. The blue line 
represents the received power. The continuous black line represents the threshold power for the modulation currently in 
use (- 64.5 dBm for 64-QAM and -72.5 dBm for 16-QAM). It can be seen that 64-QAM is used most of the time, except 
for two events, when 16-QAM is employed. In the single mode the target power is always -56.5 dBm (red 
discontinuous line in the top of the graph). The transmitter is operating at or close to its maximum power all the time. In 
the combined mode the transmitter operates at a lower power during the two intervals when the modulation is switched 
to 16-QAM, when the target power is reduced to -65.5 dBm (red line in the middle of the graph).    
 

  
Fig. 2. Operation within a rain event (single mode) Fig. 3. Operation within a rain event (combined mode) 

 
 The main average results are presented in table 2. An ideal system has been considered, that assumes a perfect 
instantaneous knowledge of the channel conditions, what is impractical. The performance of this system is a reference 
that can never be achieved, but can be useful as a comparison. The real system includes a significant delay arising from 
two main causes: Firstly, decisions on the application of mitigation techniques (increase or decrease the transmission 
power, or change the modulation format) make use of measurements of the received signal, that have to be filtered to 
cancel fast fluctuations; secondly, decisions taken at the BS have to be communicated to the SS using the system 
protocols. As the application of the FMT is delayed, somehow the future evolution of the channel has to be estimated.  

 
 It is worth mentioning that the probability of high intensity rain events in the 21-month period used in the 
simulation is lower than in the average year in Madrid, because it includes only one summer station (when high-rate 
storms are more probable) and coincides with a particularly dry period. This is not relevant for the qualitative 
conclusions of the study but it influences the quantitative results presented in table 2. The results are averaged for the 
whole set of intervals classified as “rain”, amounting to 250 hours, including a few minutes before and after each rain 
event. Unavailability of the system with no FMT (4.6374%, or 11.5 hours) can be reduced to 0.2748% (40 minutes) 
with the application of mitigation techniques, regardless of their implementation. In an ideal system, this is 
accompanied by an increment in the average transmission rate, but in the real system the average rate is slightly 
reduced, because the highest-level modulation is employed during a smaller percentage of time. Transmission power 
cannot be reduced significantly in any case, what is due to the fact that, for this distance, clear-sky received power is 



only 0.5 dB higher than the target power for 64-QAM. However, the use of combined FMT shows a slight advantage in 
this respect, which would be more relevant in shorter paths.  
 

Table 2. Average results during “rain” events.  

 NO FMT IDEAL FMT 
APPLICATION 

REAL FMT 
APPLICATION 

  SIMPLE 
MODE 

COMBINED 
MODE  

SIMPLE 
MODE 

COMBINED 
MODE  

AVERAGE 
TRANSMISSION 
POWER (dBm) 

14 13.9532  13.8975 14 13.8376 

QPSK (%) 0 1.7487 1.7487  2.4364  2.4364  

16-QAM (%) 0 4.8889  4.8889  9.8867  9.8867  

64-QAM (%) 100 93.3624  93.3624  87.6769  87.6769  

AVERAGE RATE 
(Mbps) 128.155 130.0985 130.0985 127.6522 127.6522 

UNAVAILABILITY 
(%) 4.6374  0.2748 0.2748 0.2748 0.2748 

 
4. Conclusion 

 Millimeter-wave systems can provide impressive data rates (close to 130 Mb/s on average in rainy periods) to be 
shared by users within a cell in a point-to-multipoint configuration. The use of fade mitigation techniques is shown to 
be of help to greatly improve the system availability, while keeping high data rate values. For the simulated link, the use 
of combined FMT has not proved efficient in reducing the average transmission power. Nevertheless, from fig. 2 and 3 
it can be seen that transmission power is reduced in several dB during the intervals of high rainfall rate, what can be 
relevant to reduce interference to other cells by rain scattering.   
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