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1 Introduction

MIMO for HSDPA has been studied for a rather long period of time in 3GPP and an enormous amount of work has been carried out in this area, see for instance [1] through [43], which is only a subset of the 3GPP contributions on this work item over the past 9 months. Based on results presented so far, this document summarizes the basic findings on performance, complexity and legacy compatibility of MIMO for HSDPA.
2 Results
1.1 Performance

It is quite obvious, that most contributions in the past were focusing on PARC or PARC-like schemes, see e.g. [2]
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[38]. A large number of results for PARC in different scenarios and according to agreed simulation assumptions, including coverage of degrading real world effects such as channel estimation and feedback errors were produced. Only recently, D-TxAA, was suggested to be selected as a candidate for further evaluation and possible standardization. Some contributors produced results for that scheme, see e.g. [34]
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[43],  neglecting real word imperfections like channel estimation, feedback errors, antenna verification etc.
The major findings out of these performance investigations are:

1. The increase of the per-cell throughput of a 2x2 MIMO system compared to a system using 1x2 LMMSE is anywhere between 15% and 55% for the agreed evaluation scenario depending on the HS-PDSCH power allocation, the UE receiver architecture and the load of the system.
2. The actual peak data rates occurring in the best 5% of the cases increase between 60% and 135% depending on power allocation and receiver architecture
It is important to note that results presented for D-TxAA under idealistic assumptions (no channel estimation errors, no feedback generation errors, no FBI bit reception errors) show only very small performance improvements relative to PARC. In MIMO performance contributions that also contained results for user throughput CDFs, it could be seen that the use of MIMO will not reduce the data rate of UEs at the cell edge. It should also be noted that even in macro-cellular environments the gains due to MIMO are not insignificant. 

1.2 Complexity

In various complexity analysis contributions, e.g. [19] [25][27]
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[40], the UE complexity increase when using 2x2 MIMO receivers relative to the 1x2 LMMSE reference case was investigated. Here the main findings are: 

1. The baseband complexity increase for a linear 2x2 PARC receiver relative to a 1x2 LMMSE is in the range of 100% to 165%.
2. The increase of complexity of an inter-stream successive interference cancellation (SIC) receiver for PARC relative to a 2x2 LMMSE PARC receiver is in the range of 10% to 40%.
For D-TxAA MIMO receivers no complexity analysis was performed so far. In case of D-TxAA, the baseband complexity will be impacted by additional functions such as FBI bit generation and antenna verification. It is worth underlining the fact that D-TxAA antenna verification can seriously affect the peak complexity requirements at the UE side [44] because of the uncertainty on which set of beamforming weights was actually used in the HS-PDSCH transmission. Even in the case of only two hypotheses for the D-TxAA weight selection across one HS-PDSCH TTI, there would be a doubling of baseband complexity when both hypothesis would need to be decoded. This increase of complexity with respect to linear receivers for PARC could be bigger than the one caused by the use of inter-stream successive interference cancellation receivers for PARC.

Baseband complexity of a UE is only one part of the overall UE complexity. In terms of overall complexity of a UE, the additional complexity due to use of MIMO will be fairly small.

1.3 Compatibility with legacy UEs

Only for the case of PARC, assessment of the possible issues with the co-existence of MIMO and non-MIMO UEs in the same carrier has been addressed, see e.g. [28]. The results were indicating that no backward compatibility issues are to be expected.
3 Conclusions
The evaluation of MIMO for HSDPA results in the following findings:
· MIMO does provide attractive gains for HSDPA in a number of scenarios.

· Besides providing much higher peak data rates, MIMO also provides significant capacity improvement.
· The complexity of MIMO receivers makes it feasible.
· Compatibility of PARC with legacy UEs is not an issue.
· PARC and D-TxAA show only very small performance differences.
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