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5.2
FDD High Speed Channels

5.2.1 Proposal:  Double Space Time Transmit Diversity with Sub-Group Rate Control (DSTTD-SGRC) for 2 or more receive antennas

DSTTD-SGRC is a scheme for enhancing the achievable data rates and spectral efficiency of HS-DSCH channels using multiple transmit antennas at Node B and multiple (yet fewer) receive antennas at the UE. In DSTTD-SGRC, the four transmit antennas are divided into two sub-groups. Adaptive modulation and coding along with STTD-based transmission are used by each group to transmit data. The two transmit antennas belonging to each sub-group transmit using the same MCS, and therefore, the same rate. The data rate of each group is either independently or jointly adjusted by MCS selection. 
By combining sub-group rate control with the STTD structure, which is mandatory in Rel’99 UEs, higher throughput, enhanced link diversity, as well as backward compatibility are achieved. The enhanced link diversity also makes the system more robust to feedback delay induced estimation errors. In addition, onl
y half the feedback of schemes that control the MCS for every transmit antenna is required.  

5.2.1.1 Basic physical layer structure of HS-DSCH for MIMO

Transmitter Structure

4 transmit antennas
The scheme is shown in the figure below for four transmitting antennas. The four antennas are divided into two sub-groups, with each sub-group consisting of two antennas.

The HS-DSCH data stream is split into two independent streams by the S/P demux module. Stream 1 is transmitted by sub-group 1 and stream 2 by sub-group 2. The number of information bits allocated to each stream depends on the MCS to be used for the respective sub-group and the number of OVSF spreading codes (OC), N, assigned to the given downlink user. Depending on the MCSs chosen for transmission for the two sub-groups, the two streams may be transmitted at different rates. 

For each stream, the information bits output by the S/P demux are coded, interleaved, and modulated, as governed by the MCS scheme for the respective sub-group.  The resultant symbol stream is then STTD encoded. Each STTD block yields two sub-streams, one for each antenna in a sub-group. The two data sub-streams are both further split into N parallel streams, one for each OVSF spreading code. These are then combined, scrambled, and transmitted. Use of the same scrambling code (SC) is envisaged for all the 4 antennas.




2 transmit antennas
For Node B’s equipped with only two transmit antennas, only one of the above two sub-groups is to be used. This then reduces to a STTD transmission as defined in Rel’99 with the MCS adaptively chosen for only 1 sub-group.

Receiver Structure Example
The minimum number of receive antennas required is only half the number of transmit antennas. 
[image: image1]
Figure 
2: MMSE-SIC receiver for DSTTD-SGRC
A conventional MMSE interference suppressor with successive interference cancellation (SIC) receiver for 2 receive antennas is shown in Fig. 2. Based on the estimate of the spatial channel, the receiver determines the decoding order of the two sub-groups, with the sub-group having the higher SINR being decoded first. Let [1] denote the index of the sub-group decoded first and [2] denote the other sub-group.
The received signals from the two antennas are first de-scrambled and de-spread. The MMSE interference suppressor cancels the interference of sub-group [2] from sub-group [1]’s signal. Sub-group [1]’s data stream is then de-interleaved and decoded. The interference due to sub-group [1] is subtracted from the received signal before the data stream of sub-group [2] is de-interleaved and decoded.
For a 
[image: image2.wmf]4

 transmit antenna system, the channel matrix 
[image: image3.wmf]H

can be written as
[image: image4.wmf]]
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’s are the constituent columns corresponding to different transmit antennas.  The received signal for 
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 receive antennas is then
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where 
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 and 
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 are the transmitted symbols on sub-group 1,  
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 and 
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 are the transmitted symbols on sub-group 2, and 
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is the 
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 noise matrix. Define the modified channel matrix 
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as 
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The modified received vector then becomes
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Assuming that the UE decodes sub-group 1 first, the MMSE receiver with SIC performs MMSE detection to decode sub-group 1, subtracts the contribution of sub-group 1 from the received signal, and then decodes the sub-group 2 data stream assuming no interference. The post-detection SINRs for the two sub-groups for an MMSE-SIC receiver are given by:
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where the received SINR at each receive antenna is
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(assuming that 10 OVSF codes are used) and 
[image: image20.wmf]I

is the identity matrix. 
5.2.1.2
Adaptive modulation and coding schemes

5.2.1.2.1
Modulation and channel coding 

The modulation and channel coding scheme (MCS) for each sub-group depends on the CQI feedback by the UE. The five MCS schemes used in HSDPA are indexed in Table 2. An additional scheme (index 1) is also added to the table to allow for a sub-group, with a poor SINR, to be not used for transmission. This mechanism therefore incorporates transmit sub-group selection. 
A joint MCS selection table for the two sub-groups, optimized to reduce the number of MCS combinations without loss in throughput, is given in Table 1. In addition to the higher peak rate of 14.4 Mbps that is achievable, HS-DSCH will support a finer granularity of data rates: 1.2, 2.4, 3.6, 4.8, 6.0, 7.2, 8.4, 12.0, and 14.4 Mbps. 
A provision for a CQI value of 15 has also been made to indicate that the transmitter should stop data transmission on both sub-groups. This is for extreme channel conditions when transmission is expected to be unreliable. Not transmiting will reduce inter-cell interference. 
	CQI

Value
	MCS
	Info. Bits 
(per TTI)
	Rate (Mbps)

(10 OVSF codes)
	Net Rate (Mbps)

(10 OVSF codes)

	
	SG1
	SG2
	SG1
	SG2
	SG1
	SG2
	

	0
	6
	6
	1440
	1440
	7.2
	7.2
	14.4

	1
	6
	5
	1440
	960
	7.2
	4.8
	12.0

	2
	5
	6
	960
	1440
	4.8
	7.2
	12.0

	3
	5
	5
	960
	960
	4.8
	4.8
	9.6

	4
	5
	4
	960
	720
	4.8
	3.6
	8.4

	5
	4
	5
	720
	960
	3.6
	4.8
	8.4

	6
	4
	4
	720
	720
	3.6
	3.6
	7.2

	7
	4
	3
	720
	480
	3.6
	2.4
	6.0

	8
	3
	4
	480
	720
	2.4
	3.6
	6.0

	9
	3
	3
	480
	480
	2.4
	2.4
	4.8

	10
	3
	2
	480
	240
	2.4
	1.2
	3.6

	11
	2
	3
	240
	480
	1.2
	2.4
	3.6

	12
	2
	2
	240
	240
	1.2
	1.2
	2.4

	13
	2
	1 (No tx)
	240
	-
	1.2
	-
	1.2

	14
	1 (No tx)
	2
	0
	240
	-
	1.2
	1.2

	15
	1 (No tx)
	1 (No tx)
	-
	-
	-
	-
	-


Table 1: CQI Mapping Table for DSTTD-SGRC
	S. No.
	Mod

Scheme
	Coding

Rate

	1 (No Tx)
	-
	-

	2
	4-QAM
	1/4

	3
	4-QAM
	1/2

	4
	4-QAM
	3/4

	5
	16-QAM
	1/2

	6
	16-QAM
	3/4


Table 1: MCS Index
5.2.1.2.2
Transmission algorithms

Different number of OVSF codes may be assigned to the two sub-groups. One of sub-groups reuses a sub-set or all of the OVSF codes assigned to the other sub-group. Specification of this sub-set is FFS.

5.2.1.2.3
Physical layer aspects for MCS Selection 

The post-detection SINR of each sub-group serves as the metric to calculate MCS used by each sub-group. The post-detection SINR is a function of the inter-sub-group interference as well as interference from other sources and noise. Due to the design of the STTD code, the signals transmitted from antennas belonging to the same sub-group do not interfere with each other. 




























The MCSs for each sub-group are chosen based on the conventional HSDPA mapping table between SINR and MCS for a given frame error rate target.
The UE feeds back, through the CQI, the MCSs of the two sub-groups.
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Figure � SEQ Figure \* ARABIC �1�: Transmitter Structure for DSTTD-SGRC
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