Radio interface basics

An intrinsic characteristic of radio communication is that the instantaneous radio-channel quality varies in time, space, and frequency. This includes relatively rapid variations due to multipath propagation. Radio-channel quality is thus dependent on the detailed structure of reflected radio waves (Figure 1).
Traditionally, methods for mitigating these variations (that is, different kinds of diversity transmission) have been employed to maintain a constant data rate over the radio link. However, for packet-data services, end-users do not usually notice rapid short-term variations in the instantaneous data rate. Consequently, one of the fundamental principles of LTE radio access is to exploit rather than suppress rapid variations in channel quality in order to make more efficient use of available radio resources. This is done in both the time and frequency domains using orthogonal frequency-division multiplexing based (OFDM) radio access.
Conventional OFDM with data transmitted over several parallel narrowband subcarriers lies at the core of LTE downlink radio transmission. The use of relatively narrowband subcarriers in combination with a cyclic prefix makes OFDM transmission inherently robust to time dispersion on the radio channel, effectively eliminating the need for complex receiver-side channel equalization. In the downlink this is a particularly attractive property because it simplifies receiver baseband processing and thus reduces terminal cost and power consumption. This is especially important given the wide transmission bandwidths of LTE and – even more so – when used in combination with multistream transmission.
In the uplink (where there is significantly less available transmission power compared to the downlink) one of the most important factors is a power-efficient transmission scheme, in order to maximize coverage and lower terminal cost and power consumption. Consequently, the LTE uplink employs single-carrier transmission in the form of DFT-spread OFDM (also called singlecarrier FDMA). This solution has a smaller peak-to-average-power ratio than regular OFDM, resulting in more power-efficient and less complex terminals.
