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1. Introduction
Contrary to W-CDMA, transmission symbols in OFDMA will be subject to severe distortion when narrowband interference occurs, especially in case of partial load. When frequency-selective scheduling is applied, the transmission signal may be “trapped” into the narrowband interference when the pilots are used for channel estimation and noise/interference is measured on a wideband basis only.

In this paper, the above statements are explained and DL RS schemes are presented which support narrowband noise/interference measurement. This will effectively enable narrowband interference combating.
2. Narrowband interference
Narrowband interference may be generated by badly shielded or malfunctioning electronical devices, even by devices which are not designed for wireless transmission (e.g. TVs, camcorders or notebooks).

Schematically, Figure 1 shows an eNode B transmitting a wideband signal to a eUE. At the same time, another device generates a narrowband wireless signal inside the band utilized by the wideband transmission.
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Figure 1
As shown in Figure 1, the eUE may be relatively distant to the serving eNode B which generates the desired signal, while it may be close to the narrowband interference source. Thus, the attenuation between the narrowband interference source and the eUE being much lower than between the eNode B and the eUE, a low narrowband interference power may be sufficient to have clear disturbing effects to the wideband transmission, as shown in Figure 2. Indeed, the geographical region of narrowband interference may be typically small, but at the same time the eUE may be relatively immobile w.r.t. the narrowband interference source (e.g. inside a full bus or train, or in an airport lounge). Furthermore, the narrow-band interference source may not be recognized as such by the eUE user.
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Figure 2
3. Narrowband interference and OFDMA

3.1. The narrowband interference trap

In standard OFDM(A), narrowband interference will block a number of subcarriers. Theoretically, this may be not a problem, on the condition that the subcarriers which are disturbed by the narrowband interference are detected and not used for scheduling.
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Figure 3
However, in case the OFDM receiver is not equipped to recognize the narrowband interference as a distortion, it assumes that the interference is a high-power spectrum part of the received OFDM signal, “privileged” by the current channel conditions, as is illustrated in Figure 3 and Figure 4.
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Figure 4
3.2. DL narrowband interference detection and combating
First, it should be indicated that in theory, it is expected to be possible to track resource blocks which are struck by narrowband interference e.g. by measuring the differences between received symbols and the QAM mappings or by analyzing bit errors in the coded signals after re-encoding. However, these are assumed to be relatively complex algorithms for the eUE and can only be performed on the RBs which are already scheduled for the eUE.
In the current working assumption for downlink RS [1], the RS symbols for each antenna are too much distributed both in time and frequency to effectively perform noise and/or interference measurements in the presence of fast-fading multi-path channels. Thus, it is our proposal here to introduce further RS symbols for the detection of narrowband interference.

As the interference will be present on the signal from all transmitter antennas, it is sufficient to include the extra RS symbols just in one transmitter antenna’s signal, for which we choose the transmitter antenna with index 0. Furthermore, as it is assumed that the narrowband interference signal will be constant over a longer time, the extra RS symbols do not necessarily have to appear in every sub-frame.
The basic but effective principle is to have at least 2 RS symbols neighbouring each other so that the channel can be assumed to be identical for both symbols at the receiver. In that case, the noise and interference part is extracted by the difference of the 2 neighbouring RS symbol values as received by the eUE, divided by their transmission values. This will enable the eUE to distinguish whether high RS power values stem either from good channel conditions or from narrow-band interference. By avoiding the latter, the frequency dependent scheduling will not fall into the narrow-band interference trap.
3.3. Extra common RS symbols
Figure 5 depicts the current RS working assumption for 4 transmission antennas [1] with the inclusion of extra RS symbols for transmission antenna 0. This constellation enables precise narrow-band interference sounding for all eUEs (both active and idle) with only minimal increase of the RS overhead. It is considered here that the extra RS does not have to be included in each subframe; it may be sufficient once in each 5 or 10 subframes, being aligned with PCH or SCH. It is suitable for FDD and TDD alike. Note that the RS structure in Figure 5 is just an example, the exact positioning being FFS.
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Figure 5
3.4. Dedicated RS symbols
Dedicated RS have been proposed for several different purposes like beamforming and MU-MIMO precoding, e.g. [2], [3]. When introduced and arranged as contiguous pair-wise or group-wise pattern of dedicated RS symbols, they can also serve the detection of narrowband interference. This has the advantage that the common RS overhead is not increased.
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Appendix:
Narrowband interference and W-CDMA (for information)
Spread-spectrum technologies like WCDMA have the well-known inherent feature that at signal detection, while concentrating the spectrum of the desired signal for baseband processing, at the same time the spectrum of any narrowband interference is spread so that its power is effectively reduced by standard filtering, without the need for further measures.

W-CDMA uses a spreading code to transform a narrowband user signal into a wideband signal for transmission. As shown in Figure 6, while the spreaded user signal is reconstructed to its narrowband original situation by despreading in the receiver, in fact the same despreading procedure spreads the narrowband interference, which results into a wideband disturbation which can easily filtered out almost completely out of the desired signal. Because of this, W-CDMA is celebrated to be practically “immune” against narrowband jamming (which also made it favorable for military use as spread spectrum radio).

Thus, for W-CDMA no special measures are needed to combat narrowband interference.
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User signal after spreading











































After despreading in the W-CDMA receiver
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Pilot after frequency-selective channel with noise and narrow-band interference
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