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1. introduction

In current proposals for multiple-input multiple-output (MIMO) in high speed downlink packet access (HSDPA), such as Per Antenna Rate Control (PARC), Double Space Time Transmit Diversity – Sub-Group Rate Control (DSTTD-SGRC) and Rate Control Multipath Diversity (RC MPD) etc [1], multiple receive antennas must be used because of either the utilization of spatial characteristic of MIMO channel (eg. PARC and MPD) or guaranteeing the necessary receive performance (eg. DSTTD). 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. Therefore multiple transmit antennas schemes which perform well with single antenna receivers are of particular interest.

In this contribution, we propose a Spatial Channel Coding (SCC) scheme for UMTS FDD to achieve both higher data rate and better performance than current candidates. The greatest advantage of this technique is that it is effective with a small number of receive antennas, including the case of only one receive antenna. Moreover, systematic design can be carried out easily for SCC code generation with a large number of coding states and any number of transmit antennas , which enables practical application in UMTS FDD. 

2. Basic idea of The Spatial Channel Coding  (SCC) Scheme

The simplified block diagram of proposed SCC for UMTS FDD is shown in Fig.1. In the transmitter, an information data stream is encoded to form multiple substreams by a SCC encoder, interleaved and spread by one OVSF code. Multiple codes (or multiple users) are supported simultaneously by summing up other multiple spread data streams. The summed results are scrambled by a single scrambling code, passed through a pulse shaper and RF unit, and finally transmitted independently from multiple antennas. In the case of a receiver with one antenna, after the processing of RF and matched filtering and oversampling, the discrete-time signals are de-spread and de-interleaved, and fed to the SCC decoder for final data decision with the help of channel estimation results. The SCC decoder is a soft-decision Viterbi decoder, whose input is the combination of the transmit symbols from all the transmit antennas multiplied by the corresponding propagation channel gains, plus background noise. SCC can be used with multiple receive antennas to gain a higher diversity order as in Fig.1c, where the decision metric in the soft-decision Viterbi decoder is the combination of the despread signals from multiple receive antennas.
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Fig.1  3GPP FDD with Spatial Channel Coding

In the case of two transmit and one receive antenna, rank/product criteria proposed in [2] are used to search for good codes. However, the characteristic of the propagation channel will be changed by the increasing of the number of transmit and receive antennas. The analysis in [3] shows that multiple fading channels will effectively be turned into an AWGN channel when the number of the diversity branches is greater than three. Therefore, the design criteria can be modified into a simple one: the design criterion of SCC is same as that of the conventional TCM (Trellis Coded Modulation), i.e. maximizing the minimum of Euclidean distance.

A systematic design method is also given in this proposal. In Fig.2, assuming that the required data rate is K bit/symbol period, then information bits vector 
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(a) 2bit/symbol period, 128 states, two transmit antennas
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(b) 3bit/symbol period, 128 states, three transmit antennas

Fig.2  SCC encoder
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 is decided by the memory state of SCC, and 
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 is the number of shift registers for one branch coding. The superscript T denotes the transpose of matrix; the subscripts Qn-Q+1:Qn denote the row values of matrix 
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 from nQ-Q+1 to Qn, where n=1,…,N  is the transmit antenna label; Q is the bandwidth efficiency of modulation (for example, QPSK modulation, Q=2). For UMTS FDD, the suitable generation matrices of 
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 are obtained by computer search according to above-mentioned design criteria:
	
[image: image13.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

=

=

1

0

0

0

0

1

0

0

1

1

1

0

1

0

0

0

1

0

0

0

1

1

1

0

0

1

0

1

1

0

0

1

1

1

0

1

,

,

1

,

2

G

QPSK

M

N

 

When


	(2)

	
[image: image14.wmf]ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

=

=

=

1

0

1

1

1

0

0

0

1

1

1

1

1

0

1

0

0

0

1

0

1

1

0

0

1

1

0

1

0

0

0

0

1

0

0

0

1

0

0

1

1

0

1

0

0

0

1

1

1

1

1

0

1

1

0

1

0

0

1

0

0

1

0

0

0

1

0

0

1

1

1

1

1

0

1

1

0

1

1

0

1

1

0

1

0

1

1

0

0

1

,

8

,

1

,

3

G

PSK

M

N

 

When


	(3)


where M is the number of receive antennas, and 
[image: image15.wmf])

(

×

F
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	When Q=3, 
[image: image17.wmf])

8

/

exp(

)

(

x

j

x

p

=

F

, x=1,…,8
	(5)


The SCC encoders are shown in Fig.2, where QPSK and 8PSK modulations are taken as two examples. The method can be extended to include other constellations such as 16-QAM. When M*N>3, conventional TCM can be selected instead of SCC to get high performance.  

3. Application of SCC in UMTS FDD
SCC is a relatively specific spatial-temporal code design combining channel coding, modulation and spatial multiplexing. The spatial and time correlation between modulated symbols transmitted from different antennas guarantees detection by a receiver with a single antenna. Of course, more receiver antennas can be utilized to further increase the diversity order and would make it feasible to enhance the data rate by increasing the spatial code rate under the same modulation set. Some examples of different allocations of spatial code rate, modulation, transmit and receive antenna numbers can be found in the following Table 1, where suggested application cases can be dynamically selected according to the practical channel conditions. 

Due to the specific design criterion, that is, literally considering the channel effect and combining coding and modulation, no additional outer channel coding (e.g. Turbo coding) is needed before SCC. By contrast, since current MIMO candidates for example PARC, DSTTD, MPD etc are either pure spatial multiplexing or variants of conventional STTD to increase diversity, additional outer Turbo coding is necessary to keep the total performance. In fact, spatial-temporal Turbo coding, which may have a slightly different construction from the current Turbo coding scheme, for example different tap coefficients, can be used by the SCC concept. The application of SCC within the current coding and multiplexing chain for HSDPA is shown in Fig.3 [8], where almost no alternation is required, except that the current channel coding is replaced by SCC.  

Table 1 Application comparison of SCC with different antenna configurations

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

	(2,1)
(SCC-I)
	1/2
	QPSK
	2
	2

	(2,2)
	3/4
	QPSK
	3
	4

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

	(2,2)
	3/4
	16QAM
	6
	4

	(3,1)
(SCC-II)
	1/3
	8PSK
	3
	3

	(3,2)
	2/3
	8PSK
	6
	6

	(4,1)
	1/2
	QPSK
	4
	4

	(4,2)
	3/4
	QPSK
	6
	8

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

	(4,2)
	3/4
	16QAM
	12
	8

	(4,4)
	3/4
	16QAM
	12
	16
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Fig.3  Coding chain for HS-DSCH with SCC

4. Performance evaluation

Simulations have been carried out to verify our proposal. The main link level simulation parameters for SCC, MPD, PARC and BLAST are shown in Table 2. The other parameters are according to the UMTS FDD specifications. Perfect channel estimation is assumed. At the moment, only SCC-I and SCC-II in Table 1 are compared to their counterparts, and the simulations are also not strictly in accordance with the coding chain shown in Fig.3. Convolutional coding instead of turbo coding is considered. The newest spatial channel model (SCM)[4] recommended by 3GPP for MIMO simulation is adopted. The V-BLAST and pre-decoding detection provided in [5]

 REF _Ref78950057 \r \h 
 \* MERGEFORMAT [6] are used for the detection of PARC, and linear MMSE is used for MPD [7]. Spatial time rake combining instead of interference cancellation is used for SCC. For simplicity, only the single code case is considered. The same modulation and coding schemes (MCSs) are used for the different transmit antennas. The simulation results are shown in Fig.4-Fig.6. It can be seen from the results that in Case4, at FER=
[image: image19.wmf]1

10

-

, SCC-I has nearly 1.5dB, 3dB and 7dB performance improvement compared to MPD, PARC-I and BLAST-I respectively; and SCC-II has nearly 1dB and 3dB performance gains over PARC-II and BLAST-II respectively. In Case2, at FER=
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, SCC-I also has nearly 1dB and 3dB performance gains over PARC-I and BLAST-I respectively.

In follow-up documents, we will provide more simulation results showing the comparison between SCC and other MIMO candidates, for example PARC, MPD and DSTTD; the case of Turbo coding; more antenna configurations and modulations and usage of interference cancellation in SCC. We will also consider the effect of puncturing and Hybird ARQ on SCC when simulation is based on Fig.3.  

Table 2  Simulation parameters
	
	SCC-I
	SCC-II
	MPD
	PARC-I
	PARC-II
	BLAST-I
	BLAST-II

	Tx ( Rx 
	2(1
	3(1
	2(1
	2(2
	3(3
	2(2
	3(3

	Channel coding*
	SCC-I
	SCC-II
	(2,1,9)
	(2,1,9)
	(3,1,9)
	None

	Modulation
	QPSK
	8PSK
	QPSK
	QPSK
	8PSK
	QPSK
	8PSK

	Propagation Channel [4]
	Case 2: 120km/h; BS spacing 10
[image: image21.wmf]l

, BS spread 5 degree;

                            AS spacing 0.5
[image: image22.wmf]l

, AS spread 104 degree.

Case 4: 3km/h, flat Rayleigh fading, uncorrelated antenna.  

	Bits per frame
	130

	Spreading factor
	16

	 Data rate (bit/sym period)
	2
	3
	2
	2
	3
	4
	9


* 1) SCC-I and SCC-II are the schemes shown in Table 1, and others use convolutional coding;
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Fig.4  FER performance of SCC-I, BLAST-I,PARC-I and MPD in Case 4
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Fig.5  FER performance of SCC-I, PARC-I ,BLAST-I in Case 2
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Fig.6  FER performance of SCC-II, PARC-II, BLAST-II in Case 4 

5. Conclusions

We have proposed an SCC scheme for UMTS FDD HSDPA. SCC can make use of a small number of receive antennas or even a single receive antenna to achieve high throughput for UMTS FDD, satisfying the strict limitations on weight, size and battery consumption required by portable terminals. A generation matrix can be used to easily and systematically design the codes for SCC with a large number of coding states and/or more than two transmit antennas, which ensure the practical applicability to UMTS FDD. SCC can be easily added into the current HSDPA coding chain with only a little alternation to the channel coding structure. Results have been presented which show performance gains compared to other techniques in the case of a single receive antenna. The possibility of many allocation schemes for SCC 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 the SCC technique should be included in TR 25.876. A text proposal is given in [9].
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