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1 Introduction

In this contribution, we present a MIMO proposal for LCR TDD based on the Per-Stream Rate Control (PSRC) technique. Initial link level results without coding are also presented.

2 Proposed MIMO Architecture

PSRC for LCR TDD is a closed-loop MIMO scheme which combining spatial multiplexing and CDMA with code reuse technique. A single high speed data stream is de-multiplexing into several low-rate streams, which is also called layers in this proposal. These streams are encoded and modulated independently and transmitted from multi-antennas which number of is not limited by four, but the maximum number of layers is four to be compatible with the maximum number of antennas supported by UE. The modulation coding scheme for each layer is set by the Node B based either on feedback information from UE or on measurements made on uplink channels. The UE can detect all physical channels using Ordered Successive Interference Cancellation (OSIC).

Figure 1 below shows the basic physical layer structure of the HS-DSCH for PSRC. A block of data corresponding to a single high speed data stream is de-multiplexing into L low-rate streams where L is the number of transmit layers and decided by the UE capability. The number of transmit layer is equal to the number of transmit antennas M or lessen than M. Each of these L layers is encoded, interleaved, and mapped to either QPSK or 16QAM symbols. Because different coding rates and symbol mappings can be used on each layer, the number of information bits assigned to each layer can be different. They are further de-multiplexed into C sub-streams, where C is the number of HS-PDSCH defined by the UE capability. These sub-streams are spreading using distinct OVSF channelization codes and modulated by a scrambling code. All the C sub-streams of different layers share the same channelization codes. Each layer can be assigned same or different scrambling code. And then the burst structure of each sub-stream is formed by adding midamble sequences. For estimating the channel of each pair of transmit layer to receive antenna, at least one distinct midamble sequence is required for each transmit layer. Finally all the bursts of each layer are summed and transmitted from it associated antenna. 

When the number of transmit antennas is larger than the number of transmit layers, one same layer may be weighted and transmitted from two or more antennas, this is why it is not called PARC but called PSRC. The principle of rate control for PSRC is same as PARC. And when the number of transmit antennas is equal to the number of transmit layers, PSRC can be regarded as PARC [1, 2].

The receiver architecture for PSRC in LCR TDD is shown in Figure 2. It is generally assumed that the number of receiver antennas, P, is greater than or equal to the number of transmit layers. As seen in the figure below, channel estimation is done first to get the channel impulse response from every transmit layer to every receive antenna on each tap. The multi-paths combiner is used to combine the time spread signals so that the frequency selective channels can be regarded as flat fading channels. 

After multi-paths combining, the L layers data can be distinguished with OSIC detector. The detector consists of several components: interference nulling, layers ordering, CDMA matched filter, decoding and interference cancellation. The interference nulling for each layer eliminates the interference from other layers based either on zero-forcing (ZF) or on minimum mean squared error (MMSE) criterion. After interference nulling, the layer with the highest signal to interference and noise ratio (SINR) or with the lowest MSE is detected first with a CDMA matched filter followed by de-mapping, de-interleaving and de-coding to get all information bits in that layer. The interference caused by the information bits detected just now is reconstructed and subtracted from the received signals. And then next layer information bits from the modified received signals are detected in the same way until all layers are detected.

In the end the L layers information bits are multiplexed into a single high speed data stream.
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Figure 1 PSRC transmitter architecture for LCR TDD


[image: image2.emf]de-mapping

de-interleaving

de-coding

CDMA MF

Channel estimation

Interference

reconstruction

M

u

l

i

t

-

p

a

t

h

s

 

c

o

m

b

i

n

e

r

M

u

l

t

i

p

l

e

x

e

r

I

n

t

e

r

f

e

r

e

n

c

e

 

n

u

l

l

i

n

g

Ant 1

Ant 2

Ant P

de-mapping

de-interleaving

de-coding

CDMA MF

de-mapping

de-interleaving

de-coding

CDMA MF

…

…

…

…

…

…


Figure 1 Receiver architecture for PSRC in LCR TDD

3 Modulation and Coding Scheme Selection

MCS selection may be done based on either feedback received from the UE or using uplink measurements. The mobile may determine the post-detection SINR for each physical channel (OVSF code) on each stream. It can report a CQI per stream based on the average SINR measured for each stream. Alternatively, due to channel reciprocity, the Node B can measure the SINR of each uplink channel and determine appropriate MCSs. Note that this is a more favourable option as it reduces the delay in adapting to channel conditions. However the Node B is only able to estimate the SINR of the channels connecting the Node B antennas to the antenna which the UE uses for transmission.
4 Initial Link Level Results

In this section we present initial link level simulation results for this proposal where coding unit and decoding unit shown in Figure 1 and Figure 2 are transparence. In the section, the initial link level simulation results are focused on BER vs. Eb/No. The single user throughput simulation with coding will be presented later. The following simulation assumptions are made:

	Carrier Frequency
	2GHz

	Chip Rate
	1.28Mcps

	Modulation
	QPSK

	Spreading Factor
	16

	Number of multi-codes per layer
	16

	Channel coding
	No

	Channel model
	Spatial Channel Models as specified in TR25.996.[1]

Case IV is selected.

	Antenna Array
	4λ spacing and 5 degrees spread at the Node B.

0.5λ spacing and 35 degrees spread at the UE.

	UE speed
	3km/h, 30km/h, 120km/h

	Channel Estimation
	Perfect


Figure 3 below shows the simulation results for different UE speed, where antenna array configure is L=M=P=2. Figure 4 below shows the simulation results for different UE speed, where antenna array configure is L=M=P=4. Comparing these results for different UE speeds, it can be found that the performances in low UE speed condition are better than in high UE speed condition. And with the more transmit layers supported the system performance is better. The conclusion can be farther illustrated in Figure 5, which shows the simulation results for different antenna array configure：L=P=M=1, 2 or 4. The simulation for L=P=M=1 is a single antenna system simulation and its detection method is joint detection. It can be illustrated that the system performances of MIMO are better than SISO system when each layer containing the same data bits. So the proposed MIMO scheme can support higher speed data rates with the more transmit layers supported.
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Figure 3 Link level results for different UE speed (L=M=P=2)
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Figure 4 Link level results for different UE speed (L=M=P=4)
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Figure 5 Link level results for different antenna array configuration

5 Conclusions

We present initial link level results for PSRC in LCR TDD, where the coding unit and decoding unit is transparence in simulations. The results show that the proposed MIMO scheme can gain better system performance than single antenna system, and higher speed data rates can be supported. Because the coding and decoding function are closed in these simulations, the feature of PSRC is not simulated. But it can not eclipse the better performance of the proposed MIMO scheme for LCR TDD on link level. And the improvement of PARC for code reuse MIMO scheme has been proved by other proposals [1, 2], which is the reduction of PSRC. All these findings motivate a text proposal for PSRC to be included in TS 25.876 as a MIMO candidate technique for LCR TDD.

The single-user throughput simulation results based PSRC will be presented later.
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