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1. Introduction
MIMO for HSDPA has been discussed intensively for a long time in RAN WG1 ‎[1]. At RAN #30 it was decided to evaluate MIMO in WCDMA using the scenario and requirements defined by some operators ‎[2] and to aim at a decision (to specify or not the MIMO feature) in June 06. Under RAN WG1 #44, 2 MIMO schemes was proposed for further evaluation, Dual Transmit Adaptive Array (D-TxAA) ‎[3], ‎[4] and Per Antenna Rate Control ‎[5].

2. MIMO schemes for HSDPA

First it is noted that both schemes are based on the multi-code word principle and that the only difference between the two approaches lies in the choice of pre-coding matrix, W, see Figure 1. In the case of PARC, the pre-coding is fixed and normally chosen as the identity matrix e.g. no pre-coding is applied. For the D-TxAA algorithm, the pre-coding matrix is based on the instantaneous channel realization and the weights are updated using the closed loop mode 1 transmit diversity signaling, the FBI bits in the associated DCH. By using this choice of pre-coding it is argued that the channel can be orthogonalized (at least for the flat fading case) and that this will lead to superior performance in case of e.g. linear MMSE receivers ‎[4]. On the other hand, it has been argued that the feedback is susceptive to delays and errors, hence the weight matrix does not successfully orthogonalize the channel and hence the practical performance may even be lower than that without pre-coding ‎[6], ‎[7].
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Figure 1: Schematic picture of a multi-codeword transmitter. The matrix W performs pre-coding in the spatial domain.

3. MIMO performance

The gain of MIMO transmission versus single antenna transmission has been evaluated extensively in RAN1. There seem to be an agreement that the performance gain vary with the scenario and simulated system. It also seems to be the common understanding in RAN WG1 that MIMO is especially suitable for installations where the SNR is expected to be rather good and/or when little delay spread is expected in the channel. One such scenario where MIMO seem to provide very large gains is in indoor installations ‎[8]. There is also an agreement that the potential gain for MIMO transmission in large Macro cells are limited, and that other multi antenna techniques such as beamforming (including high order sectorization) can be more suitable.

It can also be argued that the main focus on the MIMO performance is not necessarily to increase system throughput, but to increase the user throughput and to give potentials for really high peak rates. It is also noted that when removing the associated DCH and applying F-DPCH a considerable power gain can be foreseen. Using this power for increased HS-DSCH power will further increase the MIMO gain.
4. Receivers

While some form of iterative decoding and demodulation (e.g. SIC) is required in order to approach the large capacity offered by the MIMO channel, the simpler MMSE receiver is attractive from a complexity point of view. Note that all receiver structures are equally applicable in the case of D-TxAA as for (S)-PARC. The MMSE receiver will provide reasonable gains, however this can be improved by use of alternative low complexity receivers e.g. JD-GRAKE receiver ‎[9]. This receiver has a very similar architecture as the MMSE-GRAKE receiver; however, it offers improved soft bit values yielding improved decoding performance. It can also be noted that a typical LMMSE receiver for D-TxAA is more complex compared to that for PARC due to the more involved interference situation ‎[10].
It can also be argued that if higher performance, in terms of e.g. bit-rate, is the target, some increase in receiver complexity is inevitable.
5. Conclusions

Some different views on the gains and applicability of MIMO exist in RAN WG1. However, it is recognized that MIMO has the potential to give higher user throughput and high peak rates. From the presented results it can be deduced that the expected performance of the two schemes, D-TxAA and PARC is similar, at least at the current level of details. However, the results for D-TxAA are based on optimistic assumptions regarding feedback errors and antenna verification. In light of e.g. ‎[7] it is expected that realistic assumptions leads to a loss compared to PARC. Noting that the typical LMMSE receiver implementation for D-TxAA ia more involved tha the corresponding PARC implementation, it can be concluded that PARC is the most preferred MIMO scheme for HSDPA.
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