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1 introduction

Various proposals have been put forth for multi-input multi-output (MIMO) systems for HSDPA [1-8]. Lucent has proposed Per Antenna Rate Control (PARC) 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]. This involves using separate error correcting codes for each transmit antenna with independent modulation and code rate. The receiver first cancels the interference between transmit antennas by MMSE filtering. Decoding order for the transmit antennas is fixed and the decoded transmit antennas are re-encoded and subtracted from the received signal so as to reduce the interference for the un-decoded transmit antennas. It was shown that such a receiver based on MMSE with successive interference cancellation is capable of achieving very high data rates. The performance results in terms of single user throughput were presented.

Texas Instruments showed in [8] that for a (2,2) system, it is possible to better the performance of PARC. TI’s argument was that since TxAA is “best” at low speeds and STTD is “best” at high speeds, a speed dependent combination of TxAA and STTD constitutes a “good solution.” We agree with TI that TxAA is best at low speeds in terms of SNR gain. But this doesn’t necessarily imply that it is also best in terms of throughput. SNR and throughput are linked by the MCS and a non code-reuse method has to use higher order modulation like 64QAM to achieve higher data rates. Using higher order modulation is not as effective as using code reuse and lower order modulation. This was evident from the TI results where TxAA/STTD peaked at 10.8 Mbps using 64QAM, while PARC performed superior with the peak data rate of 14.4 Mbps using 16QAM. This happened however, at the higher end of the geometry. Since MMSE filtering followed by soft decoding of single symbol as employed in [7], is sub-optimal, benefit of PARC over non code reuse methods was somewhat suppressed.

In this contribution, we replace the MMSE filter with single symbol soft decoding by an APP (aposteriori probability) detector. The improved receiver shows the benefit of code reuse more clearly. We also discuss the issue of rate control per transmit antenna using such a receiver. More specifically, we show that union bounds on the probability of error could be used with some modification to characterize the MIMO channel on per transmit antenna basis. Since we don’t change the basic design and signaling of the PARC system, we don’t discuss it in this contribution and the reader is referred to [7].

2 MCs selection

In [7], the selection of MCS is determined by computing the SIR at the output of the MMSE filter. This computation is hence, not valid for an APP decoder. Finding the MCS that can be reliably supported by a given MIMO channel is difficult in general. The problem becomes easier in special cases like TxAA, STTD, STD or any orthogonal space-time block coding schemes where one can find an equivalent SNR of a SISO channel.

We use union bounds on the probability of error to characterize the MIMO channel on per transmit antenna basis. For a (M, N) multiple antenna system, let N by M channel matrix be given by H. Let there be a total of L distinct vector symbols that can be used by the transmitter at any given time. This number is a function of modulations used by the transmit antennas. For example, if QPSK and 16QAM are used for transmit antennas 1 and 2 respectively in a 2 transmit antenna system, then L is 64. The union bound enables us to calculate an upper bound to the probability of error by using pair-wise probability of error for which analytical expressions are indeed available. The expression for calculating the probability of error of a symbol transmitted from jth (j = 1, 2… M) transmit antenna is given as
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where the summation is taken over all the vector symbols s and c, P(c,s) denotes the probability of error when vector symbol s is transmitted and is erroneously decoded as vector symbol c assuming that there are only two possible vector symbols c and s that can be transmitted, and 
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 denote the jth elements of c and s respectively. In the above equation, for any s, one can work only with a few vector symbols c instead of all, that have high P(c,s). For our calculations, we use 2 vector symbols c’s for each s. The expression for the pair-wise probability of error is easily obtained as 
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where 
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indicates the total transmit power and Q is the Q-function. We assume in this contribution that for code reuse, the total transmit power is distributed equally among the transmit antennas, the noise at each receive antenna is circularly symmetric complex Gaussian random variable with unit variance, and the noise is independent across receive antennas.

After we obtain the probability of error of the symbol from a given transmit antenna with a given modulation, we find the SNR of an equivalent AWGN channel which gives the same probability of symbol error using that modulation. If this method works well, we should be able to distinguish between various MCS used in PARC by equivalent SNR. 

It is possible that the probability of symbol error as computed above by union bound is greater than one. One can clip the computed probability in such situations. Look-up tables can be used in the practical implementation of Q-function.

For PARC, we use 5 MCS for code reuse that are QPSK, rate ¼, ½, ¾ and 16QAM, rate ½, ¾. In Figure 1, we plot the computed SNR of an equivalent AWGN channel by using the union bound for a (2,2) system versus the FER for different MCS. A large number of channel realizations are used for simulation. As Figure 1 shows, we are able to separate the MCS by using the above approach. Since union bounds are tight asymptotically, we can see that the spread of the scatter plot becomes narrower as the code rate increases since high code rate MCS require higher SNR. MCS selection for STD is along the same lines as in [7]. 
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Figure 1: Simulated FER versus computed SNR of an equivalent AWGN channel for a given channel realization using the union bound
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]) 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 and 7 slots

	Fractional receive power 
	0.98


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 of TxAA as in [8]. As Figures 2 and 3 show (with 4 and 7 slot delay respectively), APP PARC gains over the non code reuse schemes including TxAA at higher geometries (> 10 dB). Thus the benefit of code reuse is more pronounced when improved decoding like APP is used. At low to moderate geometry, APP PARC is quite close in performance with TxAA.
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Figure 2: Single User Throughput results for APP PARC, TxAA, STD and STTD at 3km/hr with 4-slot delay
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Figure 3: Single User Throughput results for APP PARC, TxAA, STD and STTD at 3km/hr with 7-slot delay
4 Conclusions

We demonstrate with the help of an improved receiver involving APP decoding that PARC compares quite well in low to moderate geometry with TxAA scheme proposed by TI and out-performs it at high geometry. It is shown that code reuse can achieve higher data rates using 16QAM that TxAA/STTD with 64QAM cannot achieve. This benefit of code reuse should have a favorable impact on the network throughput.
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