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1. Introduction
There is a consensus that the MIMO HSDPA extension provides a significant increase of peak data rates, as well as improved high-rate availability. The performance of MIMO transmission scheme has been verified in simulations using a PARC approach with a SIC receiver ‎[1], where the sub-streams are sequentially received using an interference-suppressing receiver (e.g. LMMSE CE, GRAKE). However, some companies consider that the SIC receiver architecture implies an excessive UE complexity increase and have proposed an alternative MIMO scheme, D-TxAA. It is argued that this closed-loop method can also provide higher data rates, while using a simpler LMMSE receiver. In the following, we will compare some receiver complexity and performance tradeoffs of the two approaches.
2. Interference suppression

We first consider the ideal D-TxAA transmission where only the desired user is active and the orthogonal beamforming at the transmitter results in two perfectly separated signals at the UE. A typical receiver for D-TxAA might consist of two LMMSE stages, one for each sub-stream. As a minimum, each LMMSE stage then needs to suppress the own-stream interference carried by its own antenna lobe and the non-MIMO signal component (single-antenna or STTD), containing e.g. the common channels. In an LMMSE receiver, interference suppression may be implemented by analytically modeling the impairment covariance properties, based on the estimated channel parameters. In such a receiver, each interference source may imply e.g. an additional covariance matrix construction. 

As depicted in ‎[2], a PARC MIMO receiver may also be implemented as a parallel LMMSE structure. In this receiver, the relevant interference sources are the signals from the two antennas, since no user-specific lobes are formed; the common channels are included in the same antenna signals. The LMMSE receiver complexity for PARC and ideal D-TxAA is thus approximately equal. The throughput results presented in ‎[3] and ‎[4] indicate that the performance of these methods is quite similar as well when both use non-SIC receiver structures.

The D-TxAA scheme uses the CL mode 1 FBI to select the antenna weights. Unfortunately, for practical multipath channels, the granularity of this FBI is too coarse to provide good orthogonalizing precoding vectors for an arbitrary MIMO channel realization. Since there will be non-negligible interference from the other sub-stream lobe, a per-stream LMMSE receiver will not achieve the maximal available rates, but the other lobe may still be suppressed to some extent if it is included in the total interference model. (In order to fully remove the inter-stream interference, a more complex receiver cannot be avoided, e.g. a SIC or joint detection structure, which, however, defeats the purpose of a simpler terminal hardware.) Furthermore, if additional MIMO users are active simultaneously, each with their own, independent antenna weights, the additional lobes from each interfering user further complicate the covariance computation for optimal suppression of the total interference signal. A similar problem is caused by any active D-TxAA user who experiences poor channel conditions and reverts to a single-stream mode employing CL mode 1. In addition to the active MIMO user(s), additional legacy users and/or common channels employing STTD also act as a separate interference source. The covariance estimation process in the practical D-TxAA receiver is thus expected to be more complex than that of the PARC LMMSE receiver, where all signals from the serving cell (single-antenna, STTD, MIMO) are captured by just two interference sources. 

It should be noted that, apart from the covariance modeling complexity, the presence of several distinct interference sources effectively renders the LMMSE receiver unable to treat any of them efficiently. As the number of interference sources grows, the cross-correlation that the LMMSE receiver can utilize is reduced and the interference cannot be suppressed to the same extent. (To more fully suppress interference in such scenarios, more complex receiver structures are needed, e.g. the SIC receiver, joint/multi-user detection, etc.)

It may be claimed that an alternative LMMSE receiver implementation is possible, where the impairment color is estimated directly from the data, whereby the complexity of practical PARC and D-TxAA LMMSE receivers would be similar. However, we believe that such an approach is not appropriate to a system with fast scheduling and MIMO mode selection. A model-based approach is preferred in order to efficiently handle the rapidly changing interference patterns and any omission of interferers from the covariance model will be at the expense of the performance. The inherent lack of color in the D-TxAA interference remains a problem regardless of the covariance estimation method.
3. Antenna verification

The UE channel estimates are preferably based on the CPICH due to its superior SIR. In the CL Tx diversity mode, the antenna rotation factor is then added to arrive at the true estimates for antenna 2. Similar to CL mode 1, the D-TxAA transmission scheme also relies on the uncoded FBI commands for choosing the appropriate beamforming pattern. Due to the possible FBI errors, antenna verification must be performed at the UE in order to identify the actual lobing pattern applied by the BS. In an HSPA-only configuration, using F-DPCH, the dedicated pilot symbols reflecting the actual weights will not be available. Since the present HS-DSCH slot format does not contain any user-specific pilot symbols, the antenna verification would need to be data-aided, which would considerably increase the receiver complexity for D-TxAA and degrade the reliability of the antenna verification. If the verification step is omitted, most of the FBI errors in the uplink will give rise to a HS-DSCH block error.

4. Scalability

If an extension of MIMO beyond the 2x2 structure is desired in the future, the receiver complexity and performance implications should be kept in mind. In addition to the per-stream CQI reports, the D-TxAA scheme will need to transmit FBI from an extended codebook in order to utilize the degrees of freedom offered by the channel; we anticipate the growth of the codebook to be at least quadratic in the number of antennas.  The amount of feedback bits for more than 2 transmit antennas also needs to increase considerably – unlike for 2x2 D-TxAA, the TX weights of the other antennas are not uniquely determined by the first TX weight. 

Disregarding for now the changes in the slot formats required to convey the information, the codebook size will have a proportional impact on the interference suppression complexity, if the approach described above is used. Also, the interference structure itself will be increasingly white, i.e. less suppressible. We anticipate that the PARC MIMO scheme, relying only on the per-stream CQI reports and contributing just one interference source per antenna will offer an easier extension path to more antennas and allow maintaining a simpler and better-performing LMMSE interference suppressing receiver at these configurations. 
5. Conclusion

While the parallel LMMSE receivers for PARC and D-TxAA have similar architectures, the D-TxAA receiver will be more complex than the LMMSE PARC receiver. D-Tx-AA provides performance that is only marginally improved at best, but in practice equal or worse, due to FBI errors and non-orthogonality of the sub-streams. We therefore conclude that employing the PARC MIMO scheme offers a preferred complexity/performance trade-off, as well as a natural growth path, where better performance is available without requiring any further changes to the standard. An LMMSE receiver for PARC would be simpler than the D-TxAA receiver and would provide performance comparable to D-TxAA. Simultaneously, the underlying per-substream CQI feedback mechanism would also allow employing more advanced UE-s (e.g. SIC-LMMSE or joint detection) that can fully utilize the available MIMO channel capacity.
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