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1 introduction

Various proposals have been put forth for multi-input multi-output (MIMO) systems for HSDPA [1-9]. Lucent has proposed Per Antenna Rate Control (PARC) with APP decoding in which MCS of each transmit antenna is adjusted independently according to the equivalent single input single output (SISO) channel as seen by it [7,9]. The SISO channel as seen by each transmit antenna, was figured out by using union bounds. The performance results in terms of single user throughput were presented and were shown to perform superior than, at higher SNR, and very close to, at low to medium SNR, non-code reuse schemes like TxAA at low speeds [8].

Proposals for TxAA mostly employ single stream for transmission. Pre-multiplying the transmitted symbols with appropriate weights maximizes the SNR of this stream. There is no code reuse as such. To achieve higher data rates, one has to use higher order modulation like 64-QAM.

In this contribution, we propose a code reuse TxAA scheme that is capable of transmitting more than 1 stream simultaneously. We draw the motivation of this scheme from the high data rates achievable by PARC [7,9] and the benefits of TxAA. Since the streams are not tied to the transmit antennas anymore, we call this Per Stream Rate Control (PSRC).

2 TxAA With code reuse

We assume that there are M Transmit antennas. In TxAA, the motivation is to maximize the SNR by weighting the transmitted symbols by a weight vector w= [w1 w2 …wi… wM]T, where wi is a complex weight associated with the ith Transmit antenna. The weight vector is chosen such that 
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 is maximized where H is the channel. The weight vector is chosen from a fixed set whose size depends on the number of available feedback bits.

We note here that this allows us to optimize the received SNR for a single stream. Lucent has argued that for multiple antennas to achieve higher data rates, a better approach is to use code reuse instead of just one stream. Thus far, the code reuse scheme has been using Transmit antennas for transmitting more than one data stream for code reuse. This precluded obtaining any benefits by some kind of pre-coding at the Transmitter (as done in TxAA).

The proposed scheme is as follows. In the eigen beam-forming, SVD expansion of the channel matrix is utilized to transmit along the eigenvectors. We utilize the same basic idea and pre-multiply the transmitted vector with a unitary matrix. We assume that there is a set of unitary matrices available at the transmitter and the receiver indicates the index of unitary matrix to use through its feedback channel.

For TxAA for 2 Transmit antennas, the weight vector is of the form
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For our case, we use the unitary matrix as 
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The number of feedback bits for indicating the weight vector or the unitary matrix is same for both TxAA and code reuse TxAA for 2 Transmit antennas since no new parameters are required.

We use APP decoding at the receiver that was shown to have superior performance in [9]. The rate control was done on a per Transmit antenna basis by using union bounds.

To find out the best matrix for pre-multiplying, we first find out the data rates that can be supported if we pre-multiplying by each of the matrices using the above union bound approach. After that we determine the matrix giving the best data rate and convey its index to the transmitter.

The performance index to compare the various schemes is the single user throughput. The rate control of the streams is done like the rate control of transmit antennas as in [9]. Note that PARC does some power adjustments and either distributes the power equal power to all or subset of the streams. For 2 streams, either both the streams are transmitted at half the total transmit power or one of the streams is selected and given full transmit power. It is possible to use a finer power control across the streams. We have however, noted that a finer power control doesn’t result in any significant improvement in performance.

3 simulation results

We present the simulation results for (2,2) system at low speeds of 3 km/hr. Following assumptions (similar to that in [7,8,9]) are made to get the single user throughput results:

UE speed
3 km/hr

Fraction data power
0.7

Spreading Factor
16

Number of multi-codes
10

TTI
2.0 ms or 3 slots

Channel estimation
Perfect

Channel correlation model
IID

Fading Model
1 path, Rayleigh

Frame error rate target
< 10%

Feedback error rate 
0

Feedback delay
4 slots

Fractional receive power 
0.98

For the proposed PSRC and for PARC, we use 32 level MCS set as given in [7]. The number of levels can be further reduced as indicated in [7]. For TxAA, STD and STTD, we use 7-level MCS set as given in [8]. We use the modified mode 2 as in [8] for both TxAA and the proposed PSRC. Three feedback bits are used for this. As Figure 1 shows, the proposed method denoted by APP PSRC, is superior to APP PARC and the non code reuse schemes like TxAA, STD and STTD over a large range of geometries. The improvement is more significant at higher geometries. Thus the benefit of code reuse is more pronounced when improved decoding like APP in conjunction with a kind of pre-coding (multiplication with an appropriately chosen matrix in our case) at the transmitter is used. 
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Figure 1: Single User Throughput results for APP PSRC TxAA, APP PARC, TxAA, STD and STTD at 3km/hr with 4-slot delay
We note that the feedback bit requirements for the proposed method are larger. It may be possible to reduce the feedback bit requirement by numerical optimization. One could also use Mode 1 of TxAA that has a feedback bit requirement of 1 bit with some loss of performance. The number of matrices in this case would be two instead of eight.

4 Conclusions

We demonstrate with the help of an improved receiver involving APP decoding and Transmit Diversity methods that one can have improved performance over the non code reuse methods like TxAA, STD, STTD. We also show improvements over PARC with APP decoding.
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