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1. Introduction

Efficient support for multi-antenna techniques have to be introduced in order to fulfill the requirements for the E-UTRA [1]. Techniques such as transmit- and receive diversity, beamforming, and space-time coding (STC) can be used to increase coverage and/or capacity. Multi-stream transmission or spatial multiplexing, sometimes referred to as MIMO in 3GPP, can be used to increase the data rate without bandwidth expansion.

It is necessary to consider multi-antenna technologies as a well-integrated part of the evolved radio access and not just as an add-on. There is a large potential using the spatial domain and the development of new and even more efficient multi-antenna algorithms is expected to continue for long time into the future. To make E-UTRA future proof, it should be able to support new and improved multi-antenna algorithms in an efficient way. We believe that by introducing simple signaling and measurement schemes, multi-antenna solutions can effectively be implemented within E-UTRA. In this document we will address some of the issues related to the introduction of multiple antennas and discuss possible solutions.

2. Discussion

2.1. Multi Antenna Techniques

It is expected that several multi-antennas techniques will be a viable option in E-UTRA. From basic information theory it is obvious that one static scheme is not enough. In Figure 1 a typical channel capacity curve is illustrated. The capacity is proportional to log2(1+SNR). At low SNR region the slope of the capacity curve is steep, hence an increase of the SNR will directly pay off in rate. To increase the SNR, beamforming or diversity techniques, e.g. STC, can be used. In the high SNR region the capacity curve is nearly flat, thus even a large gain in SNR will only give a rather small increase in rate. At these working conditions multi-stream transmission will be important since it will divide the available SNR into several sub-streams and hence increase the data rate without bandwidth expansion. 

· High SNR region: multi-stream transmission to increase the data rate.

· Low SNR region: important to increase the SNR ( beamforming.

Maybe the most interesting part is the medium SNR region. It is expected that the SNR in many common deployments, e.g. urban and sub-urban macro cells, will fall into this region. Increasing the SNR by using diversity or beamforming only, will not utilize the potential resources in the most effective way. In the same way, using only multi-stream techniques will give too low SNR per sub-stream to be effective. Hence, in the medium SNR region a mixture of e.g. beamforming and MIMO is foreseen as a good candidate.

· Intermediate SNR regime: Combining beamforming and multi-stream transmission.

Another important feature according to [1] is the improvement of broadcast services. Since the broadcast channel should be optimized for good coverage, STC seem to be the most promising multi-antenna technique to ensure good performance. Note that, since we assume a single frequency network soft combining in the air will provide macro diversity gain.


Figure 1: Typical channel capacity as function of SNR.

2.2. Multiple Antennas in the uplink

For the UL channel the situation is somewhat different since the power constraint of the terminal must be taken into account. However, for certain types of user equipment this may not be such a constraint, e.g. PC-cards, fixed installations, etc. It should therefore be investigated if a multi-stream transmission scheme is needed in UL.

2.3. Number of options and configurations

A large number of different deployment scenarios are expected for E-UTRA. Reuse of WCDMA and/or GSM sites is a likely scenario, also sites equipped with multiple antennas is expected in places where very high capacity and throughput is needed. Thus, it is a high probability that there will be neighboring sites with 1,2, … 4 beams (the actual number of antennas might be much larger). The same situation will appear on the terminal side, where simpler terminals with one transmit antenna (we assume that 2-branch receive diversity will be mandatory) will be used at the same time as more advanced terminals with 2 or more Tx antennas may exist. This will drive the number of combinations to a very high level, hence promoting one MIMO scheme for each combination will mean a large number of options in the specification. This will increase the time and cost for e.g. testing and verification. To avoid such a situation we propose that one adaptive MIMO scheme is adopted for E-UTRA.

By using an adaptive scheme such that e.g. S-PARC, (selective per antenna rate control) [2] there is only a need for one multi-stream transmission technique. The selectivity property is used to decide upon an optimal number of active beams in each transmission instant. This can be seen as an extension of the link adaptation to the spatial domain. With appropriate pilot distribution, this easily combines with beamforming, with or without feedback. Hence the term antenna should be interpreted with some care. The use of spatial link adaptation will also affect the definition of e.g. the concept of beam and cell, see 
[3]
 for a detailed discussion.

2.4. Reference Signals

To support a wide range of multi-antenna transmission techniques some care has to be taken when the reference signal (pilot) pattern/distribution is designed. In order to support e.g. beamforming and simultaneous fast channel dependent scheduling there must be different reference signals for channel quality measurements and data demodulation.  More details around reference signals are discussed in 
[3]
.

2.5. Measurements and Signaling

To be able to support new and improved multi-antenna algorithms in a simple way, some means of signaling is needed. In addition to an initial negotiation between the transmitter and receiver about the transmission scheme, this flexibility can be achieved in an efficient way using the following key components.

· Multi-purpose measurement signals

· Adjustable pre-processing rules for the measurements

· A few well-defined measurement result formats


It should be possible for the transmitter to send several multi-purpose measurement signals. These measurement signals should be orthogonal to each other and the receiver doesn’t need to know the spatial properties of the signal, i.e. the antenna pattern or the beam pattern used for transmission. The receiver only needs to be told what signals to measure on.

Different multi-antenna algorithms require measurements with different resolutions in the time-, frequency-, space- and stream-domain. The Doppler spread of the radio channel and the velocity of the UE will also affect what resolutions that are appropriate. By using a small set of adjustable pre-processing rules for the receiver it is possible to adapt the measurement resolution to the current conditions. For example, the averaging of measurements in time could be selectable between 0.5 ms and 100 ms, the averaging in frequency could be selectable between 200 kHz and 5 MHz, the averaging in space could be selectable between one antenna/beam and all antennas/beams.

 For a large group of multi-antenna schemes, e.g. various open-loop beamforming schemes, open-loop transmit diversity and basic spatial multiplexing techniques, a requested data rate is a sufficient measurement result format. For other multi-antenna schemes, more feedback information about the radio channel is needed. By letting the transmitter specify how many bits that should be used to represent the phase and the amplitude, respectively, various multi-antenna schemes that require knowledge of the radio channel can be supported, e.g., closed loop transmit diversity and eigenvalue-based MIMO.

3. Conclusion

Some aspects regarding the introduction of multiple-antenna techniques in E-UTRA have been discussed in this contribution. It is pointed out that several multi-antenna transmission techniques are needed to cover the span of operational points expected. For the low SNR regime, beamforming or diversity transmission/reception is needed, while for high SNRs multi-stream transmission is possible. For intermediate levels, a combination of SNR increasing methods and multi-stream techniques is foreseen.

We also address the importance of reference signals (pilots), measurements and associated signaling to have an efficient support for the multi-antenna solutions introduced in E-UTRA.

The most important issues related to the introduction of multi-antenna transmission techniques are listed below.

· Multi-stream transmission → high data-rate

· Beamforming → coverage (improved SNIR)

Spatial adaptivity → cope with many scenarios and configurations, e.g. SNR regions

· Pilots and measurements → support spatial link adaptation and data demodulation

4. References

[1]
TR25.913, Requirements for Evolved UTRA and UTRAN
[2]
R1-040307, “Selective Per Antenna Rate Control (S-PARC)”, Ericsson
[3]
R1-050769, “Downlink reference signal aspects for E-UTRA”, Ericsson

Channel Capacity





SNR








