
lthough the initial ñWave 1ò version of 
mobile WiMAX made its commercial  

debut last summer, vendors and service 
providers are focused on the next-generation 
ñWave 2ò version that includes many of the 
high-performance smart antenna features. 
Major service providers, such as Sprint 
Nextel and KDDI, prefer Wave 2 to the point 
that they are not likely to certify devices for 
use on their networks that do not support  
Wave 2 capabilities. 

As a result, WiMAX solution providers 
who plan to target the mass-market segment 
of the 802.16e application need to focus on 
developing Wave 2 products because mobile 
WiMAX networks are being prepared for 
launch in Asia and the United States. For 
that, one must understand Wave 2ôs key smart 
antenna feature as deýned by the WiMAX  
Forum: multiple-input, multiple-output 
(MIMO) antenna technology. 

Compared to a ýxed environment, mobility 
has more variables that affect signal propaga-
tion between the base station and the terminal, 
which affects performance. To accommodate 
these variables, and to optimize performance 
under fast-changing channel conditions, Wave 
2 requires user devices to have receive 2 anten-
nas to maximize the beneýt the user can derive 
from advanced antenna technologies such as 
MIMO and beamforming. These technologies  
improve the user experience in terms of signal 
coverage and user throughput by addressing 
co- and adjacent-sector interference, as well 
as the signal distortions that stem from the 
various types of fading, including angle, delay 
and Doppler spreads.

Consequently, designers should look for 
suppliers who have extensive MIMO experi-
ence, when selecting Wave 2 chipsets. 

MIMO isnôt a new technology and its basic 
capabilities are used in 802.11n Wi-Fi systems. 
However, itôs a mistake to assume that experi-

ence with MIMO in a ýxed environment such as 
Wi-Fi is directly applicable to mobile WiMAX 
for the reason that mobile WiMAX supports 
two types of MIMOs. The so-called rate 1 
version uses spatial multiplexing to improve 
the effective signal strength, whereas the rate 
2 version uses space-time coding techniques 
to send two different signals on the same fre-
quency as long as signal strength is high and 
there are two different channels between the 
multiple antenna elements at the base station 
and the terminal. Figure 1 highlights the key 
principles of spatial multiplexing techniques 
used in mobile WiMAX MIMO.

In mobile WiMAX, when the signal condi-
tions are weak, space-time coding is used to 
maintain a downlink throughput level that 
provides a good user experience. When a strong 
signal becomes availableðsuch as when the 
device moves closer to another base stationðthe 
network and device should switch to spatial mul-
tiplexing, which potentially doubles throughput. 
The network determines which technique to use 
based on signal strength and channel estima-
tion reports from the user device. That sounds 
straightforward, but itôs a complex process that, 
if handled incorrectly, has a negative impact on 
the network. For example, if the user device fre-
quently miscalculates the channel characteristics, 
then the base station wastes resources and airlink 
capacity when switching between space-time 
coding and spatial multiplexing unnecessarily. 

This þaw also affects network capacity. For 
example, if the user device fails to report that 
channel characteristics have changed, then the 
base station is transmitting data at a rate far 

higher than the channel can support. As a result, 
many packets may have to be retransmitted 
because theyôre lost or corrupt due to the poor 
channel conditions. Those retransmissions 
waste sector capacity that could have been 
provided to other users. In the other extreme of 
improving channel characteristics, fewer data 
is sent than the channel can support and the 
airlink capacity could have been much higher 
had the base station switched the connection to 
the spatial multiplexing mode.

This situation highlights why not all  
MIMO solutions will be of equal performance, 
and it could be a mistake to assume that a 
chipset vendorôs experience with MIMO in 
a ýxed environment is applicable to mobility. 
In a mobile environment, where signal condi-
tions change more frequently and rapidly,  
the algorithms designed for a stable ýxed envi-
ronmentðsuch as in the 802.11n worldðcanôt 
keep up. To avoid these problems, user devices 
should have Wave 2 chipsets that accurately 
calculate and report channel characteristics.

The challenge to properly estimate channel 
conditions and the sophisticated algorithms 
needed to implement MIMO is one reason 
why mobile WiMAX device vendors should 
choose Wave 2 chipsets that are designed for a 
rigorous mobile environment, and are proven 
in years of ýeld trials. For example, Beceemôs 
mobile WiMAX chipsets have been in ýeld trials 
since October 2005. This experience has helped 
reýne its algorithms to the point that theyôre 
sophisticated enough to report channel charac-
teristics with high accuracy, even when users are  
moving at a fast pace, with frequent hand-offs.




