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1 Introduction
In this document, we consider MIMO in MP-HSDPA, particularly for SF-DC operation. In SF-DC operation, two cells serve the UE in the same frequency. The UE relies on its Type3i receiver to reject the interference from the opposing cell. Interference rejection is critical for the SF-DC performance benefit. Since the UE only has two receive antennas, the maximum multiplex gain is two which is determined by the minimum number of transmit and receive antennas. Therefore, for the SF-DC scenario, it is reasonable to assume that each cell only schedules single stream transmission, with or without beamforming. 
When MIMO (or beamforming) is configured for a cell the interference structure becomes more complicated than during SIMO operation without beamforming. The Node B transmits its power in different directions during MIMO operation, namely

· Overhead channels including CPICH, SCH and P-CCPCH, etc are transmitted from the primary antenna.
· S-CPICH is transmitted from the secondary antenna.

· The data (HS-PDSCH) is beam formed and transmitted from both antennas.

On the other hand, if SIMO transmission is used, the data (HS-PDSCH) is transmitted from the primary antenna which is the same as the overhead channels. Based on the above description, it is clear to see that the interference structure for MIMO single stream transmission becomes worse compared to the SIMO transmission. Consequently, we would expect the UE to reject the interference less effectively when the interfering cell transmits a MIMO single stream instead of a SIMO signal.
In summary, when the UE is in SF-DC operation, it is not clear whether MIMO single stream beamforming outperforms the SIMO transmission. The pro of the MIMO single stream comes from the fact that beamforming improves the received signal energy from the serving cell. The con of the MIMO single stream lies in the fact that when UE tries to decode the data from the other cell, the UE may be less effective in rejecting the interference from the opposing MIMO single stream transmission cell. 
In this document, we use an analytical model to shed some light on the relative performance difference between SIMO SF-DC and MIMO SF-DC operation.

2 Analytical Model

Let us consider a two cell SF-DC setup as shown in Figure 1. Cell A is the serving cell while cell B is the cell in the active set and is capable of serving the UE simultaneously. We assume the rest of the interference is AWGN noise without any directionality. This is the general model that applies to both intra-Node B SF-DC and inter-Node B SF-DC. 
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Figure 1 Two cell SF-DC setup

We focus on a single 2 by 2 single path MIMO channel. The system equation could be mathematically modeled as 
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in which

· 

 is the 2 by 1 received signal

· 

 and 

 represent the 2 by 2 MIMO channel between the cell A (B) and the UE.

· 

 is the beam used for overhead, including P-CPICH, P-CC PCH, etc. 

· 

 is the beam used for S-CPICH

· 

 and 

 are the beams used for HS-PDSCH in cells A and B respectively

· 

, 

, 

 are the powers for overhead, SCPICH, and HS-PDSCH respectively.
· 
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is the 2 by 1 AWGN noise with each entry having noise variance of 
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 to model the background nose including interference from all other cells and thermal

· 
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,  are chips corresponding to overhead, S-CPICH and HS-PDSCH that are transmitted from cells A and B respectively and are assumed to have unit energy.
Note that the system equation applies to both the case when VAM is not used and the case when VAM is used. The use of VAM only changes the channel 

 and 

. Given the system equation we could compute the optimum linear MMSE receiver for the detection of 
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 from cell A and 
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 from cell B. Given the optimum linear receiver, the Signal to Noise Ratio (SNR) can be expressed as 
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In the SNR computation, 
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denotes the identity matrix of size 2 by 2. With SNR of the data channel computed, we want to map the data SNR to the data rate (spectrum efficiency) that could the achieved. We use the turbo decoding requirement for each TBS to predict the HSPA link level spectrum efficiency as shown in Figure 2. For comparison, we also show the Shannon capacity limit. Given each channel realization 

 and 

, we could analytically compute the SNR of the HS-PDSCH channel. Then, we look up the HSDPA spectrum efficiency (red curve in Figure 2) to determine the achievable spectrum effciency for each scenario which will be presented in the next section.
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Figure 2 Spectrum efficiency of HSDPA Turbo code and Shannon Limit
3 Simulation results

In the analytical model, we randomly generate 5000 samples of the 2 by 2 MIMO channel with each entry being i.i.d. Gaussian distributed which is the i.i.d. Rayleigh channel model widely used in MIMO literature. The performance metric we focus on is the average spectrum efficiency over all the channel samples. We compare 4 different scenarios
1. SIMO: Only cell A serves the UE without MIMO , i.e. 
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2. SIMO SFDC: Both cell A and cell B serve the UE without MIMO. 
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3. MIMO single stream: Only cell A  serves the UE with MIMO single steam beam forming, 
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is chosen from 4 possible MIMO single stream beams to maximize the 
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4. MIMO single stream SF-DC: Both cell A and cell B serve the UE with MIMO single steam beam forming, 
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are chosen from 4 possible MIMO single stream beams to maximize the SNR, i.e.
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 is taken from the 4 possible MIMO single stream beams
To quantify the relative received power differences among cell A, cell B and noise, we define the following quantities

· Imbalance: the difference between the path loss from cell A and the path loss from cell B. For example. -3dB imbalance means that given the same power transmitted, the average received signal at UE from cell B is 3dB weaker than the average received signal from cell A. Mathematically, it is defined by the ratio of the variance of each entry in 
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over each entry in 
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· G: G represents the level of noise. It is defined as the ratio of normalized received energy from cell A over the noise power. More rigorously, it is the ratio of the variance of each entry in 
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over the noise variance
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. It should be noted in passing that G is different from the conventional definition of geometry which is a ratio of the normalized received energy from cell A over the sum of the noise power and the normalized received energy from cell B.
In Figures 3 through Figure 6, we show the comparison of different schemes under different noise levels: G=20dB, 15dB, 10dB and 5dB respectively. It is clear to see that SF-DC operation always performs better than a single serving cell scenario (SIMO or MIMO).

When the noise level is small (high G, G>=10dB), the main interference is between two cells. Therefore, the received SNR at a UE highly relies on the effectiveness of the UE receiver to reject the interference from the other cell. When MIMO single stream is used, the signals in each cell are coming in more directions which make it harder for the UE to reject the signal. As a result, we see that SIMO SF-DC performs better than the MIMO single stream SF-DC (see Figures 3 through 5).
On the other hand, when the noise level is high (G=5dB), the effectiveness of the UE receiver to reject the interference from the other cell does not impact the SNR that much due to the strong background noise. As shown in Figure 6, MIMO single stream SF-DC starts to outperform SIMO SF-DC in this case.

[image: image66.emf]-3 -2.5 -2 -1.5 -1 -0.5 0

3

3.5

4

4.5

5

5.5

6

Imbalance (dB) (Weaker Cell - Serving Cell)

Spectrum Efficiency (bits/Hz/s)

G = 20dB

 

 

SIMO

SIMO SFDC

MIMO Single Stream

MIMO Single Stream SFDC


Figure 3 Performance comparison of difference schemes under G=20dB
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Figure 4 Performance comparison of difference schemes under G=15dB
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Figure 5 Performance comparison of difference schemes under G=10dB
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Figure 6 Performance comparison of difference schemes under G=5dB
4 Conclusion
In this document, we discuss the potential drawbacks of MIMO single steam SF-DC in the sense that MIMO single stream beamforming causes the signals at each cell to be transmitted in more directions, compared with SIMO operation, making it harder for the UE receiver to reject the interference.

Through analytical calculation, we show that MIMO single stream SF-DC operation could have worse performance than SIMO SF-DC operation when the background interference level is low. It is not always true that from the system perspective, MIMO performs better for every UE in the system.
On the other hand, MIMO (both single stream and dual stream) could be applied to DF-DC due to the additional degree of freedom obtained. In general, MIMO can be configured for configurations for which there is only one cell per carrier.
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