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5.2
FDD High Speed Channels

5.2.1 Proposal:  Modified PSRC (M-PSRC) for 2 or more transmit antennas

M-PSRC is a closed-loop MIMO scheme that enhances the achievable data rates and spectral efficiency of HS-DSCH channels using multiple ((2) transmit antennas at Node B and multiple receive antennas at the UE. With P transmit antennas at Node B, M-PSRC allows transmission of up to P independent data streams depending on the channel condition and the number of UE antennas. When the channel condition or the number of UE antennas allows only one data stream transmission (i.e. only one antenna is available at the UE), the existing Rel’99/Rel5 transmit adaptive array (TxAA) is used. Hence, M-PSRC is backward compatible to Rel’99/Rel5. For the conditions where multiple data streams can be supported (good channel and multiple UE antennas are available), multi-stream transmission is opted where the TxAA weight vector is replaced by a unitary weighting matrix. Similar to TxAA, the weighting matrix can be selected at the UE from a predetermined set of finite matrices based on a certain performance criterion such as maximum throughput or maximum SINR, and then signaled to Node B via an uplink feedback channel.  When multiple data streams are transmitted, the data rate and MCS of each stream can be either independently adapted similar to per-antenna rate control (PARC) or jointly adapted. 

5.2.1.1 Basic physical layer structure of HS-DSCH for MIMO

Transmitter Structure

2 transmit antennas
As mentioned above, when the channel condition or the number of UE antennas allows only one data stream transmission (i.e. only one antenna is available at the UE), the Rel’99/Rel5 TxAA is used.

Otherwise, two data streams are transmitted as shown in Figure 1. The HS-DSCH data stream is split into two independent streams by the S/P demux module. The number of information bits allocated to each stream depends on the MCS to be used for the respective stream and the number of OVSF spreading codes N assigned to the given downlink user. Depending on the MCSs chosen for transmission for the two streams, 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 streams are then linearly transformed with a unitary matrix, which is selected from a predetermined set of finite matrices based on a certain performance criterion (e.g. maximum throughput or maximum SINR). The choice of matrix is signaled to Node B via an uplink feedback channel. The resulting two data 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 2 antennas.

≥ 2 transmit antennas
Extension for systems with P≥ 2 Node B antennas is done by transmitting 1 to P independent data streams depending on the channel condition and the number of UE antennas. When M data streams are transmitted, semi-unitary matrix of size P(M is used for the linear transformation.



Receiver Structure Example for 2-stream Transmission

The receiver for 1-stream transmission is identical to Rel’99/Rel5 UE receiver for TxAA and hence not covered. For 2-stream transmission, different receiver algorithms can be used. Examples include the well-known linear zero forcing or MMSE as well as decision-feedback (nulling and cancelling) zero forcing and MMSE. To minimize the effect of error propagation for DF detectors, detection ordering based on per stream SINR can be used. Alternatively, a more advanced and complex maximum likelihood (aposteriori probability) detection can also be used to obtain better performance. Also, pre-decoding or post-decoding decision feedback can be used. An M-PSRC receiver that employs decision feedback (DF) MMSE detection with post-decoding decision feedback is depicted in the figure below (assuming stream 1 is detected first).








Figure 2: DF MMSE receiver for M-PSRC. 2-antenna UE is assumed here.

The received signals from the UE antenna(s) are first de-scrambled and de-spread. The MMSE spatial filtering is done to suppress the interference from stream [2] on stream [1]. Data stream [1] is then de-interleaved and decoded. The interference due to stream [1] is subtracted from the received signal before data stream [2] is de-interleaved and decoded. 

The channel estimator provides an estimate of the propagating channel H from CPICH, which is used to select the optimal unitary transformation W from a predetermined finite set of unitary matrices. The selection (i.e. set index) is then signaled to Node B via an uplink feedback channel. The value of W used in the previous TTI is needed to generate the effective channel estimate He = HW for detecting the data streams in the current TTI. This can be obtained simply from the previously selected W as indicated in Figure 2. Since the value of W used by Node B can be different from the fed-back value (index) due to feedback error, some type of verification algorithm analogous to TxAA can be used. Alternatively, the value of W (set index corresponding to the W) used by Node B can be signaled to the UE via HS-SCCH as a part of transport block format.

5.2.1.2
Adaptive modulation and coding schemes

5.2.1.2.1
Modulation and channel coding 

The modulation and coding scheme (MCS) for each data stream depends on the CQI feedback by the UE. To construct the MCS table for M-PSRC, the five HSDPA MCS schemes along with no TX option (given in Table 1) are used. 

For systems with 2 transmit antennas, the “complete” MCS set for the 2-stream mode can be derived from the 1-stream transmission set (excluding no TX), which results in a 25-level set. Combining this set with the 1-stream set results in a 31-level MCS set for the modified PSRC scheme. However, it is desired to reduce the size of the MCS set to minimize the feedback requirement and more importantly, the effect of feedback non-idealities. Two optimized MCS sets of size 16 and 11 are provided that perform almost identically compared to the complete set in quasi-static channels. The MCS sets are given in Tables 2 and 3 below.

	S. No.
	Mod

Scheme
	Coding

Rate

	0 
	No TX
	No TX

	1
	QPSK
	1/4

	2
	QPSK
	1/2

	3
	QPSK
	3/4

	4
	16-QAM
	1/2

	5
	16-QAM
	3/4


Table 1: MCS Index for 1-stream transmission

	CQI

Value
	MCS
	Info. Bits 

(per TTI)
	Rate (Mbps)

(10 OVSF codes)
	Transmission

scheme
	Net Rate (Mbps) 

(10 OVSF codes)

	
	Str. 1
	Str. 2
	Str. 1
	Str. 2
	Str. 1
	Str. 2
	
	

	0
	5
	5
	1440
	1440
	7.2
	7.2
	2-str precoded
	14.4

	1
	5
	4
	1440
	960
	7.2
	4.8
	2-str precoded
	12.0

	2
	4
	5
	960
	1440
	4.8
	7.2
	2-str precoded
	12.0

	3
	5
	3
	1440
	720
	7.2
	3.6
	2-str precoded
	10.8

	4
	3
	5
	720
	1440
	3.6
	7.2
	2-str precoded
	10.8

	5
	5
	2
	1440
	480
	7.2
	2.4
	2-str precoded
	9.6

	6
	4
	4
	960
	960
	4.8
	4.8
	2-str precoded
	9.6

	7
	2
	5
	480
	1440
	2.4
	7.2
	2-str precoded
	9.6

	8
	4
	3
	960
	720
	4.8
	3.6
	2-str precoded
	8.4

	9
	3
	4
	720
	960
	3.6
	4.8
	2-str precoded
	8.4

	10
	5
	0 
	1440
	-
	7.2
	0
	TxAA
	7.2

	11
	4
	0 
	960
	-
	4.8
	0
	TxAA
	4.8

	12
	3
	0 
	720
	-
	3.6
	0
	TxAA
	3.6

	13
	2
	0 
	480
	-
	2.4
	0
	TxAA
	2.4

	14
	1 
	0
	240
	-
	1.2
	0
	TxAA
	1.2

	15
	0 
	0 
	-
	-
	0
	0
	TxAA
	0


Table 2: CQI Mapping Table for MCS Set 1 (16 levels)

	CQI

Value
	MCS
	Info. Bits 

(per TTI)
	Rate (Mbps)

(10 OVSF codes)
	Transmission

scheme
	Net Rate (Mbps) 

(10 OVSF codes)

	
	Str. 1
	Str. 2
	Str. 1
	Str. 2
	Str. 1
	Str. 2
	
	

	0
	5
	5
	1440
	1440
	7.2
	7.2
	2-str precoded
	14.4

	1
	4
	5
	960
	1440
	4.8
	7.2
	2-str precoded
	12.0

	2
	3
	5
	720
	1440
	3.6
	7.2
	2-str precoded
	10.8

	3
	4
	4
	960
	960
	4.8
	4.8
	2-str precoded
	9.6

	4
	3
	4
	720
	960
	3.6
	4.8
	2-str precoded
	8.4

	5
	5
	0 
	1440
	-
	7.2
	0
	TxAA
	7.2

	6
	4
	0 
	960
	-
	4.8
	0
	TxAA
	4.8

	7
	3
	0 
	720
	-
	3.6
	0
	TxAA
	3.6

	8
	2
	0 
	480
	-
	2.4
	0
	TxAA
	2.4

	9
	1 
	0
	240
	-
	1.2
	0
	TxAA
	1.2

	10
	0 
	0 
	-
	-
	0
	0
	TxAA
	0


Table 3: CQI Mapping Table for MCS Set 2 (11 levels)

5.2.1.2.2
Transmission algorithms

A different number of OVSF codes may be assigned to different data streams. One of data streams reuses a sub-set or all of the OVSF codes assigned to the other stream(s). Specification of this sub-set is FFS.

As discussed above, Rel’99/Rel5 TxAA is used for one stream transmission. When more than one data streams are transmitted, the linear transformation W is chosen from a finite predetermined set of (semi-)unitary matrices. For systems with 2 transmit antennas, the following parameterization can be used for the 2-stream transmission
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For a given set size (which is related to the allowed number of feedback bits NB) 
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, the matrix set can be optimized to obtain maximum performance. For 
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we find the following A- quantization to be optimal:
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5.2.1.2.3
Physical layer aspects for MCS Selection 

When linear or decision feedback detectors are used at the receiver, the post-detection SINR of each data stream serves as the metric to calculate the MCS used by each stream. The post-detection SINR is a function of the inter-stream interference as well as interference from other sources and noise. The MCSs for all data streams 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 data streams.

An example of MCS selection is given as follows for systems with 2 transmit antennas: 
For each of the 2 modes, MCS level and weighting (w for TxAA and W for 2-stream) are selected to maximize the throughput given a channel realization H. For TxAA (1 stream):
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... (3)

where n, Fn, , and Rn denote the MCS level, FER for the n-th MCS level, SINR (which is a function of channel realization and w), and the data rate (throughput) for the n-th MCS level. Note that the equality in (3) exploits the fact that FER is a decreasing function of SINR. Also, SINR is not a function of MCS level. This implies that the weight vector w can be selected to maximize the SINR prior to MCS level selection and thus the weight selection and MCS selection can be decoupled. Hence, for a given channel realization H the overall selection algorithm is:

1. Select weight vector w (from the size-NS weight vector set) to maximize SINR. This is the optimum w.

2. Use the resulting maximum SINR (corresponding to the optimum w) in step 1 to find the MCS level n (that results in FER (10% for instance) that maximizes the throughput.

For the 2-stream transmission, the throughput maximization criterion can be written as follows:
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... (4)
where Fi and i are the FER and SINR for the i-th stream, respectively, and Rn,m is the data rate resulting in the 2-stream MCS level (n,m). In this case since the weighting matrix W affects both 1 and 2, the weighting matrix and MCS level selection cannot be decoupled. Hence, for a given channel realization H the overall selection algorithm is:

1. Draw W from size-NS matrix set:

· Compute the SINR for stream 1and 2 given W and H.

· From the computed SINR values in step 1, find the MCS level (n,m) (that result in FER1 (10% and FER2 (10%) that maximizes the throughput.

2. Repeat the above set for different W.

3. Find the optimum W: choose the W that corresponds to the maximum of the M2 throughput values obtained from step 1 to 2.
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Figure � SEQ Figure \* ARABIC �1�: Transmitter Structure for M-PSRC
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