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1. introduction

The 3GPP MIMO technical report [1] currently contains eight proposals: PARC (Per Antenna Rate Control), RC MPD (Rate Control Multipath Diversity), DSTTD-SGRC (Double Space Time Transmit Diversity – Sub-Group Rate Control), Single Stream Closed loop MIMO with 4 Tx and L Rx antennas, Per-User Unitary Rate Control (PU2RC), Tx Power Ratio Control (TPRC) for Code-Domain Successive Interference Cancellation (CD-SIC) MIMO, Selective Per Antenna Rate Control (S-PARC), and Double Transmit antenna array (D-TxAA). The latter five proposals were new candidates just inserted into the TR in August 2004 prior to the Work Item being put on hold. 

The three former proposals, PARC, RC MPD and DSTTD-SGRC, only need CQI signal to control data rate, and can be considered as quasi open loop mode. The other five proposals generally need more detailed information of propagation channel, and can be considered as closed loop mode proposals.

In quasi open loop mode, PARC is based on the BLAST (Bell Labs Layered Space-Time) architecture considered in [2], which is a classical MIMO technique whereby independent substreams of data are transmitted from multiple transmit antennas. 

In the receiver, multiple antennas will in general be used to separate the substream data based on the spatial characteristics of MIMO channel. However, in many downlink application cases, the number of the receive antennas is limited by the weight, size and battery consumption requirements of the mobile terminal. Using multiple receive antennas, typically requiring more associated RF units, will obviously be a limiting factor in the development of small terminals. In order to solve this problem, Spatial Channel Coding (SCC) schemes were proposed in [3]. SCC can efficiently combine convolutional channel coding and MIMO. The advantage of SCC is that it enables high transmission data rate with a small number of receive antennas. At the same time, [3] showed that SCC can achieve better performance than PARC and MPD concatenated with convolutional coding under the same transmission data rate. 

However, in order to harmonise with the turbo coding scheme used for HSDPA we propose here a more powerful scheme to combine turbo channel coding with MIMO.  

We refer to this scheme as Spatial Temporal Turbo Channel Coding (STTCC). The technique is effective with a small number of receive antennas, including the case of only one receive antenna. STTCC has better performance than SCC because of the adoption of turbo transmission architecture. Moreover, STTCC has better performance than PARC concatenated with turbo coding under the same transmission data rate. At the same time, Rate Control (RC) also can be adopted for STTCC, which results in more flexible data transmission and higher average throughput.

2. Spatial Temporal Turbo Channel Coding  (STTCC) Scheme

The block diagram of the proposed STTCC scheme is shown in Fig.1. In the transmitter, an information data stream is encoded to form multiple substreams by a STTCC encoder, interleaved and spread. Multiple codes (or multiple users) are supported simultaneously by summing up other multiple spread data streams. The summed results are scrambled in the usual way and finally transmitted independently from multiple antennas. 

In the case of a receiver with one antenna, after the RF processing, matched filtering and oversampling, the discrete-time signals are de-spread and de-interleaved, and fed to the STTCC decoder for final data decision with the help of channel estimation results. STTCC can also be used with multiple receive antennas to gain a higher diversity order or to separate the substream data on different transmit antenna groups as in Fig.1c.
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Fig.1 Spatial Temporal Turbo Channel Coding for 3GPP HSDPA 

The general construction of STTCC is shown in Fig.2. Let us assume that the required data rate is L bit/symbol period. The information bit vector 
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 goes through three paths respectively as follows: 
· In the path used for systematic bits, 
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 is sent directly to the modulation mapper, and not encoded. Through modulation mapping, the symbols can be obtained by 
[image: image4.wmf]]

s

,...,

s

[

]

B

[

U

1

=

F

, where
[image: image5.wmf])

(

×

F

 is the function of mapping binary integer values into the transmitted symbols, with
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 when QPSK is used. The systematic bits will be used in the decoder for better decoding performance. 

· In one path used for parity bits, 
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 is firstly sent into recursive encoder 1 (RE1) for encoding. The output bits of the encoder are 
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. Then, if rate matching is carried out, D becomes 
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. Rate matching can be either puncturing to give a higher code rate, or repetition for a lower code rate. Through modulation mapping, the encoded symbols can be obtained by 
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 is the number of transmit antennas.

· In a second path used for parity bits, 
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 firstly pass through an interleaver, and then into RE2, puncturing, and modulation mapper, which have the same function as the first path used for parity bits. Through modulation mapping, the encoded symbols are 
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, In the STTCC encoder, RE1 and RE2 have the same generation matrix. The interleaving is an odd-even symbol interleaving, which maps even symbols to even symbol positions, and odd symbols to odd positions. Here, one symbol means L bits in 
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The output of the two paths used for parity bits are multiplexed according to different times, for example, in Fig.2, at time 
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 is sent out from the multiplexer and at the next time 
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 is sent out from the multiplexer. Finally, a circular shifted switcher is used to get the benefit of time diversity in each propagation path, i.e. symbols 
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 are sent out on the different transmit antennas alternately.

An example is given as follows for better understanding. Assume that the number of Tx antennas is 2, and QPSK modulation is used with code rate 1/2. The STTCC encoder is shown in Fig.3. Path 1 is used for systematic bits 
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, and no encoder is used. Path 2 carries out recursive encoding for 
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 respectively. No puncturing and padding are needed to get code rate ½ in this case.  Path 3 is the same as that of Path 2 except interleaving and de-interleaving are added. The multiplexer is used to select symbols from Path 2 and Path 3 respectively. The circular shifted switcher ensures 
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 are sent out on the two transmit antennas alternately.
The decoder for STTCC is a symbol MAP algorithm, which is similar to that of the binary turbo code except that all the probability values are calculated at the symbol level [4].   
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Fig.2 The general construction of STTCC encoder 
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Fig.3 An example of STTCC encoder
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Fig.4 STTCC decoder

3. Rate control of STTCC 
Rate control of STTCC can be achieved by three methods described in the following three sub-sections. 

3.1 STTCC internal configuration.

Rate matching in STTCC encoder can be used to control the data rate. Another way is to use adaptive modulation and coding, which varies the modulation mode and code rate of STTCC. The suggested application cases can be dynamically selected according to the practical channel conditions. Some examples are shown in Table1 below. 

Table 1 Configuration examples of code rate and modulation for STTCC

	(N, M)
	Spatial code rate
	Modulation
	Spectral efficiency
(bit/symbol period)
	Diversity order

	(2,1)
	1/2
	QPSK
	2
	2

	(2,2)
	1/2
	QPSK
	2
	4

	(2,1)
	1/2
	16QAM
	4
	2

	(2,2)
	1/2
	16QAM
	4
	4

	(4,1)
	1/2
	QPSK
	4
	4

	(4,2)
	1/2
	QPSK
	4
	8

	(4,1)
	1/2
	16QAM
	8
	4

	(4,2)
	1/2
	16QAM
	8
	8

	(4,4)
	1/2
	16QAM
	8
	16


3.2 Per antenna group rate control with single receive antenna 

In the case of a single receive antenna, the even-numbered transmit antennas are used as one group. STTCC encoder is adopted in each group, and different spreading codes are used for different groups shown in Fig.5. In the receiver, de-spreading is carried out to distinguish different groups at first. 

3.3 Per antenna group rate control with multiple receive antennas 

In the case of multiple receive antennas used to separate the substream data on different transmit antenna groups, every two transmit antennas are used as one group, and STTCC encoder is adopted in each group. Same spreading codes and scrambling codes are used for different groups. Multiple receive antennas are used to distinguish different groups based on the MIMO spatial channel characteristic. 
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Fig.5 Per antenna group rate control for STTCC decoder for a single receive antenna

4. Performance evaluation

The main link level simulation parameters used here for STTCC and PARC are shown in Table 2. The other parameters are according to the 3GPP HSDPA specifications. The spatial channel model (SCM) [5] recommended by 3GPP for MIMO simulation is adopted. The post-decoding detection provided in [6] is used for the detection of PARC. Both MMSE and ZF detection are considered in PARC. The same modulation and coding schemes (MCSs) are used for the different transmit antennas. 

The simulation results are shown in Fig.6-Fig.7. In PARC, MMSE detection has better performance than ZF detection. It can be seen from Fig.6 that at FER=
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, in case of two transmit antennas, STTCC with single receive antenna has nearly 1dB better performance than PARC with MMSE detection. It can be seen from Fig.7 that at FER=
[image: image28.wmf]2
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, in case of four transmit antennas, STTCC with two receive antennas has nearly 1dB better performance than PARC with MMSE detection. More receive antennas in the STTCC scheme can bring better performance because of higher diversity gain.

Table 2 Simulation Parameters

	Parameter/Feature
	Value/Expression

	Carrier frequency
	2GHz

	Chip rate
	3.84 Mcps

	Spreading factor
	16

	Frame length (ms)
	0.667

	Modulation
	QPSK

	Channel coder
	Turbo coder with ½  rate for PARC

STTCC with ½ rate. 

	Decoding iterative number
	4

	STTCC Interleaver 
	Random interleaving

	Transmit antenna number

Receive antenna number
	2Tx2Rx, 4Tx4Rx for PARC; 
2Tx1Rx, 4Tx2Rx, 2Tx2Rx, 4Tx4Rx for STTC.

	Synchronization 
	Perfect synchronization

	Number of samples per chip
	4 

	Numerical precision
	Floating point simulations

	Channel 
	Case IV: 3km/h, single path [5]

	Channel estimation
	Perfect

	FER calculation
	Calculated by comparing with transmitted and received bits / frames.

	Other L1 parameters
	As Specified in latest L1 specifications
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Fig.6  FER performance of STTCC, PARC MMSE detection and PARC ZF detection in case of two transmit antennas
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Fig.7  FER performance of STTCC, PARC MMSE detection and PARC ZF detection in case of four transmit antennas
5. Conclusions

We have proposed an STTCC scheme for 3GPP HSDPA. STTCC can make use of a small number of receive antennas or even a single receive antenna to achieve high throughput, satisfying the restrictions imposed by weight, size and battery consumption of mobile terminals. Simulation results have been presented showing performance gains compared to PARC. The possibility of many allocation schemes for STTCC based on the different combination of transmit-receive antenna number and modulation constellation can satisfy the range of different requirements of data rate and FER performance in a practical system. 

Therefore we recommend inclusion of the STTCC technique in TR 25.876. A text proposal is given in [7].
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