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1 introduction

In this contribution, we present an overview description of two previously proposed MIMO techniques for HSDPA: Per antenna rate control (PARC) and per stream rate control techniques (PSRC). These techniques achieve higher peak data rates for HSDPA and improve coverage compared to the conventional single-antenna systems. Additional simulation results for each of these two schemes are discussed in [5] and [6].

Both PARC and PSRC operate under the principle of code reuse [1], whereby higher peak data rates are achieved by transmitting up to two data substreams simultaneously using the same set of spreading codes. The substreams are separately coded and modulated so that their rates can be adjusted separately to maximize the rate for a given MIMO channel realization. A set of HS-DSCH codes is allocated to spread the high-speed data, and this set is used to spread both substreams. 

In conventional single-antenna  systems, TXAA weighting at the transmitter can be used at lower dopplers to increase the received SINR compared to open-loop transmission. Similarly, for multiple transmit antenna systems, an analogous transmitter weighting in the form of a matrix can be used to increase the receive SINR for each substream. This technique is known as Per-Stream Rate Control (PSRC) [3,5]. Note that in addition to the weight index that are fed back from the UE to the NodeB, the UE also feeds back CQI for each of the substreams. 

At higher dopplers where feedback for setting the transmitter weights would not be as realible, an open-loop technique known as Per-Antenna Rate Control (PARC) [2] is used. Here, each substream is mapped directly to an antenna; hence in controlling the rate of a given substream is equivalent to controlling the rate of the associated antenna. Note that PARC is open loop in the sense that no transmit weights are fed back to the transmitter. However, CQI is still fed back for each of the substreams.

We describe PARC and PSRC in more detail in sections 2 and 3, respectively. 

2 Per-antenna rate control

Figure 1 gives the block diagram for PARC. Each substream is independently coded and mapped to symbols. These symbols are spread using codes drawn from the same set of DSCH codes. Since the rate of each substream can be adjusted independently, the coding rates, symbol modulations, and number of spreading codes for each substream can potentially be different. The UE measures the SINR corresponding to each transmit antenna. Using this SINR metric, the UE determines the maximum rate (transport format) that can be supported using a lookup table [4]. The rates of each antenna (substream) are fed back to the NodeB using CQI for each antenna (substream). If there are J total transport formats for the conventional single antenna transmission, there are a total of J2  transport formats using two substreams. The number of bits for CQI feedback can be reduced by judiciously choosing a subset of the J2 transport formats used for transmission. 

For two transmit antennas, the UE estimates the channel and determines the highest rate among 3 combinations: transmission on antenna 1, transmission on antenna 2, or transmission on both antennas 1 and 2. In other words, the SINR is calculated assuming that only antenna 1 transmits. Then a rate for this antenna determined based on the lookup table. The same can be done for antenna 2. If both antennas are transmitting, the transmit power is divided evenly between the two antennas, and the total power is the same as if only a single antenna were transmitting. The SINR is calculated for each antenna, and each SINR is mapped independently to rates.   

Note that selection transmit diversity is a special case of PARC. In general for users with lower geometry, the output SINRs are such that selection transmit diversity will be chosen over code reuse transmission. In other words, single antenna transmission yields a higher data rate than transmitting over two antennas, each with half power.
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Figure 1. Block diagram of PARC.

3 per-stream rate control

Figure 2 shows the block diagram for PSRC. Similar to TXAA, each substream is weighted prior to transmission. For TxAA for 2 transmit antennas, the weight vector is of the form
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The weighting for PSRC with two antennas is given by the matrix W
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Amplitude and phase in the above matrix are appropriately quantized as in TXAA to have a set of finite matrices. As in PARC, the transmit powers on the two antennas are normalized so the total transmit power is the same as the single transmit antenna case. At the UE, the selected rate is the  rate given the estimated spatial coefficients and then maximized over the set of possible transmission weights W. Note that as a special case of PSRC, the UE could choose transmission over a single stream. This case is selection transmit diversity using TXAA. Note also that PARC is a special case of PSRC when the transmission matrix W is the identity matrix.
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A similar proposal to PSRC, called dual-stream TxAA, was made recently in [7]. Note that as a variation to PSRC, one could use spatial multiplexing so that the substreams are directed towards different UEs. This idea, called Per Unitary basis stream User and Rate Control (PU2RC), was proposed in [8]. Prior to this proposal, spatial multiplexing techniques using code reuse were first proposed for alleviating the code limitation problem in HSDPA [9]. This proposal uses an identity matrix for the transmitter weighting; hence it is the spatial multiplexing version of PARC. 

4 Conclusions


We have given an overview of Lucent’s MIMO proposal for FDD HSDPA based on the concept of code reuse. The performance of PSRC is given in [5] and the performance of PARC is given in [6]. Based on these contributions, it is recommended that these two schemes for MIMO be reflected in the TR and adopted as some of the possible schemes that would be evaluated further.
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