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1. Introduction

According to the E-UTRA DL requirements in [1], the targets of E-UTRA cannot be achieved by single stream transmission. Also in UL, MIMO and multiantenna transmission methods may be considered in the evaluation scenarios, as alternative ways of providing required peak data rates, possibly improving system capacity, and coverage.   In this contribution, we concentrate on link adaptation, so the view is on a sinlge link. Multiuser MIMO or SDMA techniques are thus not considered here. 

A variety of different multiantenna transmission methods have been proposed for evaluation for E-UTRA. Irrespective of the link direction, these can be categorized using two main characteristics. The first categorization is according to the spatial multiplexing rate, where the most important characteristic is whether the spatial multiplexing rate is higher or equal to one. The second rough categorization of multiantenna transmission methods, pertinent for FDD systems, is the division into open and closed loop methods. In open loop methos, no feedback is used save for minimal CQI and HARQ feedback, whereas in closed loop methods, more feedback is used to either select transmission beams (precoding a.k.a. beamforming methods) and/or to tune the transmission rates more accurately per beam/stream/antenna. 
The main components of link adaptation for MIMO links operate along these two dimensions. 
2. MIMO link adaptation in the spatial multiplexing rate
Irrespective of the number of antennas at the transmit and receive ends of a wireless link, the capability of the wireless channel to support a spatially multiplexed transmission may vary dramatically. Depending on the antenna correlation, angular spread and strength of line of sight components, the best transmission method may vary dramatically. This is demonstrated in Figure 1.
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Figure 1. Behavior of 1-stream (left) and 2-stream (right) transmissions in 4x2 MIMO channels with low (PB) and high (UM) correlation.  
The simulated transmission methods are the 1- and 2-stream methods for 4 transmit antennas discussed in [2]. The system parameters are as in the 10 MHz DL option in [3], the mobile velocity is 30 km/h, the receiver is LMMSE with 2 receiver antennas. The crucial issue is the channel model, more exactly the spatial channel model. The curves with legend (PB) are simulated with Pedestrian B power delay profile, and identical and independently distributed Rayleigh fading for the spatial channels. The curves with legend UM are simulated in the SCM urban Macro cell environment (with fixed tap delays). The inter-element spacing at the transmitter end is one wavelength, which results in strong correlation between the transmit antennas, and correspondingly to rank-deficient spatial channels. In the left hand plot we see how the increased correlation affects the performance of the 1-stream transmission. BLER at 10^-1 is 2 dB worse. In the right hand plot we see that for the 2-stream transmission, the behaviour is qualitatively completely different – the decent performance in the i.i.d. PB case crashes in the strongly correlated UM scenario. 
This phenomenon is independent of the details of the transmission method  (open or closed loop), the link direction (UL or DL), the antenna configuration (2x2, 4x2, 2x4, 4x4, …), or the expected G-value distribution. Even in microcellular scenarios, where high G-values and wide angular spreads may be expected, favouring high rate multistream transmissions, rank-deficiencies may occur in e.g. line-of-sight situations. Such rank defiencies call for rank adaptation in a MIMO system, of the kind proposed in [4] and [5], or more appropriately, on a practical rank measurement performed at the receiving end of the link, taking into account both the measured channel and the receiver characteristics [2]. 
As a consequence of this, we propose that irrespective of the link direction, the antenna configuration and the corresponding reference signal structure, it should always be possible to select a transmission method with spatial multiplexing rate one for a radio link. 
3. MIMO link adaptation in the feedback rate
Feedback channels in E-UTRA are likely to become heavily loaded. In the DL, CQI reporting on a per-resource-block basis is expected at least from a subset of the UEs. The price in terms of system complexity, UL load and UE power consumption should be taken into account when proportioning the UL feedback for DL transmissions. For UL transmissions, feedback information would be carried by DL control channels, which will be heavily loaded due to the short sub-frame length of 0.5 ms. An additional price for using DL feedback to optimize UL transmissions is that the UE has to transmit additional pilots in order to allow the base station to  calculate the feedback. To summarize, the feedback resource both for UL and DL transmissions is limited.
Latency requirements of feedback are set by the accuracy of feedback. The more accurate the feedback, the less latency is tolerated. Already at moderate mobile speeds of 30 km/h, the channel coherence time is less than half of a 10 ms radio frame on a 2 GHz carrier. The consequence of a limited feedback resource and tight latency requirements is that great care should be taken when optimizing feedback use for MIMO transmissions, and adaptation between more and less feedback-reliant modes should be possible. In particular, irrespective of the spatial multiplexing rate, it should always be possible to fall back to a transmission using minimum feedback, i.e. an open loop transmission mode. 
4.  Conclusion

We have discussed high level principle of MIMO link adaptation for UL and DL directions of E-UTRA. The main conclusions are as follows
· Irrespective of the antenna configuration it should always be possible to choose a transmission method with spatial multiplexing rate one.
· Irrespective of the antenna configuration and the spatial multiplexing rate, it should always be possible to choose an open loop transmission method.
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