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5.2
FDD High Speed Channels

5.2.9 Proposal 9: Spatial Temporal Turbo Channel Coding (STTCC)

In many downlink application cases, the number of receive antennas is limited by the weight, size and battery consumption requirements of the terminal. Therefore techniques which can operate efficiently with a single antenna are of interest. Spatial Temporal Turbo Channel Coding (STTCC) is a technique combining channel coding, modulation and spatial multiplexing together to achieve high data rate and performance. The advantage of this approach is that STTCC can make use of a single receive antenna to achieve high throughput for 3GPP HSDPA. Moreover, Rate Control (RC) can be adopted for STTCC, which results in more flexible data transmission and higher average throughput.
5.2.9.1 Basic physical layer structure of HS-DSCH for MIMO

The basic physical layer structure of the HS-DSCH for STTCC is shown in Figure 1x (a). A data stream is encoded to form multiple substreams by a STTCC encoder, interleaved and spread by distinct OVSF codes.  Multi-code operation is achieved by summing up all multiple spread data streams. The summed results are scrambled by a single scrambling code and finally transmitted independently from multiple antennas. 

If more flexibility of rate control is needed, the scheme with two STTCC encoders is proposed in Figure 1x (b). 

In the case of a single receive antenna, every pair of transmit antennas are used as one group, with each group using an STTCC encoder and different spreading codes being used for different groups. 

In the case of multiple receive antennas, the same spreading codes and scrambling codes can be used for different groups. Multiple receive antennas are used to distinguish different groups based on the MIMO spatial channel characteristic.
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(a) One STTCC encoder scheme
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(b) Two STTCC encoder schemes for per antenna group rate control

Figure 1x:  Spatial Channel Coding for 3GPP HSDPA

The general construction of STTCC is shown in Fig.2x. We 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 into modulation mapping, and not encoded. Through modulation mapping, the symbols can be obtained by 
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 is the function of mapping binary integer values into the transmitted symbols and 
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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, rate-matching, and modulation mapping, 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 encoding, 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.2x, 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 to the different channel interleavers in Figure 1x (a) alternately.
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Figure 2x:  Spatial Temporal Turbo Channel Encoder

5.2.9.2 Adaptive modulation and coding schemes

5.2.9.2.1 Modulation and channel coding 

The Node B selects a Modulation and Coding Scheme (MCS) based on channel quality measurements reported by the UE. Although STTCC is a relatively specific spatial-temporal code design using the spatial and time correlation between modulated symbols transmitted from different antennas to enable single antenna detection in UE, more receiver antennas can be utilized to further increase the diversity order and 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 MCS can be found in Table 1x, where different cases can be selected according to the practical channel conditions.
Table 1x Application comparison of STTCC with different antenna configuration

	(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


5.2.9.2.2 Transmission Algorithms 

5.2.9.2.3 Physical layer aspects for MCS Selection 

5.2.9.3 Associated Signalling 

5.2.9.3.1 Downlink

{This section should describe the HS-DSCH-related downlink signalling which is distinct from the non-MIMO HSDPA system.}
5.2.9.3.2 Uplink 

{This section should describe the HS-DSCH-related uplink signalling which is distinct from the non-MIMO HSDPA system.}

5.2.9.4 UE Capability

In Figure 3x(a), when the UE has one receive antenna, the signals are firstly de-spread and de-interleaved, and fed to the STTCC decoder for final data decision with the help of channel estimation results. The SCC decoder is a symbol MAP decoder. STTCC can be extended to multiple receive antennas as in Figure 3x(b).
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Figure 3x:  Spatial Temporal Turbo Channel Decoder
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