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1 Introduction

MIMO HSDPA for 1.28Mcps TDD system has been discussed intensively in RAN WG1. At RAN#51 bis the link level simulation results have been proposed to show that MIMO provides a significant increase of peak data rates, as well as improved high-rate availability. And at this meeting the system level simulation results is also provided to investigate the several MIMO schemes, i.e. PARC, S-PARC and D-TxAA. Based on results presented so far, this document analyzes the basic findings on performance and complexity of MIMO for TDD.
2 Results
2.1 Performance

It is quite obvious that most contributions in the past were focusing on 2×2 PARC, S-PARC and D-TxAA schemes, see e.g. [1][2][3][4]. A large number of results for these schemes in different scenarios and according to agreed simulation assumptions [5] were produced. 
From the simulation results the major findings out of these performance investigations are:

1. Comparing to the single antenna transmission techniques, 2×2 MIMO schemes do offer a two fold increase in the peak data rate. The 1×2 transmission provides the better throughput performance in lower SINR region because of the normalized total transmit power and combination process at receiver. Anyway, the MIMO technique will conduce to enhancing the HSPA downlink throughput, especially for installations where the SINR is expected to be rather good and/or when little delay spread is expected in the channel.
2. For the MIMO schemes with fixed two streams, D-TxAA is superior to PARC because of the transmit diversity gain. Some non-ideal assumption will have the more influence on D-TxAA, e.g. non-ideal channel estimation and the non-ideal antenna weight selection (UL-DL slot delay, selection error and non-optimal weight criterion). 
3. For the adaptive schemes, e.g. S-PARC and adaptive D-TxAA, can provide the larger throughput than the fixed two streams schemes because the rank adaptation will select the best transmit mode, i.e. single stream or two streams, to adapt the real time channel condition. 
4. S-PARC is much more robust. The adaptive D-TxAA shows only small performance improvements relative to S-PARC under the low speed channel. When the speed is high, S-PARC is superior to the adaptive D-TxAA due to S-PARC scheme obtains the selection diversity and the total transmit power is used to the single antenna to overcome the fading channel while in the adaptive D-TxAA scheme the weight factors cannot provide the optimal transmit diversity to match the current channel. 

5. It is noted that TxAA using Rel99 Tx-diversity is the fall-back mode for D-TxAA in case of single stream transmission, and S-PARC scheme selects one antenna with the better channel condition to transmit single stream. Actually, we also can use the other scheme as a fall-back mode for single stream transmission in S-PARC, such as non-codebook based beamforming etc. Channel reciprocity may be exploited to obtain the weight for single stream by using the estimated channel matrix at Node B based on eigen-value decomposing. This beamforming scheme can be the fall-back mode for S-PARC instead of single antenna selection to improve the system performance with single stream transmission. So the gap of system performance between S-PARC and D-TxAA will be neglected.  

2.2 Complexity

In complexity analysis the main findings are: 

1. Main additional system complexity due to MIMO (regardless of actual MIMO scheme, D-TxAA or S-PARC) comes from dual stream transmission. Obviously the amount of needed hardware is increased due to added number of transmission and receiver chains. The introduction of increased peak bit rates through dual stream transmission results also increased processing requirements for example in terms of channel decoder. In these respects it can be concluded that the system complexity of both schemes is equal. 
2. In case of D-TxAA, the baseband complexity will be impacted by additional functions such as feedback weight 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 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. 
3. For the control signaling, D-TxAA requires the UE to feedback downlink channel information. Significant limitations on performance are placed by quantization, errors and delays associated to the feedback information. Channel reciprocity may be exploited to avoid these drawbacks in TDD. The Node B can compute the transmit weight vector based on the observed uplink channel. It should be noted that an obvious limitation to this approach is caused by the Uplink-Downlink slot delay. The performance of this scheme may thus be compromised at high vehicular speeds.
3 Conclusions 

In this document we have analyzed the 2×2 MIMO schemes, such as S-PARC and D-TxAA applied to 1.28Mcps TDD HSDPA. From the presented results it can be deduced that the expected performance of the two schemes, D-TxAA and S-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. It is expected that realistic assumptions leads to a loss compared to S-PARC.
In addition, D-TxAA belongs to the precoding scheme with codebook. For the multiple antennas array in the TDD, e.g. 8 or 6 antennas at Node B in the outdoor scenario, this precoding scheme with codebook has no a better expansibility because of the limited pilot resource for 1.28Mcps system.
We therefore conclude that employing the S-PARC MIMO scheme offers a preferred complexity/performance trade-off. 
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