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1
Introduction

A work item [1] has recently begun on Four Branch MIMO for HSDPA. The work item clearly states the following:
The work should focus on reusing existing structures as much as possible.

In this document, we investigate the possibility of reusing existing 2x2 DL MIMO physical layer structure for the purpose of 4x2 DL MIMO operation, by allowing for the UE to process candidate 2x2 transmit receive antenna combinations.

2
Antenna subset selection in 4x2 MIMO
In the most general case, a 4x2 DL MIMO configuration for HSDPA is depicted in Figure 1. In this case, at most two HS-DSCH transport blocks are transmitted on the downlink by precoding each encoded transport block across the 4 physical antennas. The rank, CQI and PCI feedback vector (length 4) for each of the streams are determined by the UE based on 4x2 MIMO channel estimates derived at the UE and the candidate PCI codebooks corresponding to 1 or 2 transport blocks. 
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Figure 1: High Level Block Diagram of 4x2 DL MIMO configuration for HSDPA 
On the other hand, the same 4x2 DL MIMO configuration can be mechanized by reusing existing DL 2x2 MIMO physical channel structure as depicted in Figure 2 and described below as follows:
· The UE performs channel estimates of each transmit, receive antenna pair. In this case, there are 8 such pairs ( h11, h12, h21, h22, h31, h32, h41, h42).

· Based on these channel estimates, the 4x2 DL MIMO channel is decomposed into six 2x2 DL MIMO channels comprising of any 2 of the 4 transmit antennas and the two receive antennas.

· For each of the six 2x2 DL MIMO channels, the UE performs rank, PCI and CQI feedback computation as performed in a Rel-7 DL 2x2 MIMO UE and selects the DL MIMO channel that results in maximum throughput as determined via the CQI feedback.

· The UE then feeds back the Rank/PCI/CQI using existing Rel-7 HS-DPCCH structure.

· The UE also feeds back the pair of antenna transmit antenna indices. Such a feedback could be mechanized by setting a CQI feedback cycle of 4ms and in alternate 2ms periods, the antenna indices can be fed back using existing Rel-5 HS-DPCCH structure by remapping two of the 5 CQI bits to antenna indices and reserving the remaining three bits.
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Figure 2: High Level Block Diagram of 4x2 DL MIMO configuration by reusing existing 2x2 DL MIMO physical layer structure
3
Analysis
To demonstrate the capacity gain improvement of the proposed 4x2 MIMO system, we perform a simplified study over i.i.d. Rayleigh fading channel. The MIMO system is shown in Figure 3. The MIMO system has [image: image4.png]


 transmitter antennas and [image: image6.png]


 receiver antennas. The N streams of data is precoded by the precoding matrix W before transmitted by antennas. Mathematically, the system model is given by 
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 is the chip-level signal before precoding. We assume the chip power is unit energy and mutually independent across streams, so [image: image11.png]


. W is the precoding matrix. [image: image13.png]H e CV=*%r



is the channel matrix. Each entry of the channel matrix H is independent flat Rayleigh fading in each channel realization. [image: image15.png]z~CN(0,c:1)



 is the additive white noise at the receiver.  
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Figure 3 Block diagram of MIMO system

A simple LMMSE receiver is employed at the receiver frontend to separate the streams. The LMMSE transform matrix is given by
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It is straightforward to derive the SINR for each stream as follows
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where [image: image20.png]


 is the i-th column of matrix [image: image22.png]


. Assume independent coding across streams, the sum rate capacity of the proposed MIMO system is 
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 is the achievable rate on the i-th sub-channel given the SINR is [image: image27.png]


. In a simplified analysis, we can use the Shannon capacity to approximate the achievable rate, for which
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Assume the receiver has ideal knowledge of the channel matrix, the precoding matrix should be exhaustively searched from the predefined precoding matrix set to maximize the sum-rate capacity. 
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In the simulation, we calculate the average data throughput for the MIMO system in the following steps:

1. Generate the i.i.d. Rayleigh fading matrix H
2. Loop over all possible transmit antenna combinations and all possible precoding matrices 

2.1. For the selected precoding matrix Wi, assume an LMMSE frontend

2.2. Compute the sub-channel SINRs for the receiver 

2.3. According to the sub-channel SINRs, compute the sum-rate capacity with Shannon formula

3. Log the maximum sum-rate capacity for H
4. Go to step 1 and run another test 
5. After enough random tests, calculate the average data throughput from the log 
In the simulation, we compare the several MIMO systems

· SIMO 1x2: also called 2Rx diversity 
· MIMO 2x2: current HSDPA downlink MIMO

· MIMO 4x2 unconstrained: the precoding codebook is the LTE 4x2 MIMO codebook

· MIMO 4x4: the precoding codebook is the LTE 4x4 MIMO codebook
· MIMO 4x2 constrained to a subset of 2 transmit antennas, as proposed in Section 2

The simulation results are plotted in the Figure 4. The MIMO 4x2 constrained to a subset of 2 transmit antennas has very close performance to the unconstrained MIMO 4x2 system.  
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Figure 4: Data throughput for MIMO systems on i.i.d. Rayleigh fading channel
4
Conclusions

In this document, a new model of DL 4x2 MIMO operation was introduced with the objective of fully reusing the existing DL 2x2 MIMO physical channel structure as specified in Rel-7. The operation relies on antenna subset selection wherein the UE estimates and selects the best pair of transmit antennas (2 out of 4) at any given time. The UE feeds back this selection in addition to the Rank/PCI/CQI information which is fed back using existing Rel-7 physical channel structure as specified in Rel-7. Based on a semi-analytic approach, it was shown that the performance of this method which is constrained to DL 2x2 MIMO design will provide throughput gains comparable to an unconstrained DL 4x2 MIMO design based on the 4x2 PCI codebook as used in LTE.

Based on the above, we have the following proposal:

Proposal: RANWG1 consider and further evaluate the performance DL 4x2 MIMO mode of operation based on antenna subset selection and constrained to Rel-7 DL 2x2 MIMO physical channel structure.
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