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Discussion 

Introduction
The feedback quantization has an impact on the precoded MIMO scheme design. As the number of transmit antennas is now increased to 4, constructing efficient quantization scheme becomes more and more important and compared to the 2 transmit antenna case more quantization loss needs to be accepted. In this contribution, performance of four branch dual stream HSDPA link is evaluated assuming compact codebooks.
Simulation Methodology
This section defines the simulated MIMO modes and the simulation setup.
Transmission schemes

The studied MIMO scheme is a 4x2 precoded MIMO assuming maximum of 2 codewords. Performance of this scheme is compared to Rel. 7 2x2 MIMO and 1x2 SIMO reference schemes.

Various precoding methods are compared for the 4x2 MIMO. First upper bound on performance is studied by simulating feedback based on unquantized feedback calculated from the SVD decomposition of the short term channel covariance matrix. Maximum of 2 eigenvectors corresponding to the strongest eigenvalues are used in the transmitter without any feedback quantization.

Other studied 4x2 schemes apply a precoder feedback where three different precoder matrix sets are simulated. The first studied set of precoding vectors is based on the Rel. 8 LTE system as described in section 6.3.4.2.3 in [1]. The size of the precoding matrix set is 16 for rank 1 and rank 2 transmission. 
The second studied set of precoding weights is based on the description from [3]. The precoder W is a product of inner W1 and outer W2 precoding matrices that may have different quantization and feedback rates. As defined in [3], the
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Equals the set for the inner precoder W1 and
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Equals the set for the outer precoder W2. We simulate a scheme where N=4 totaling 16 options for rank 1 and 8 options for rank 2 transmission. The scheme is labelled as a multi granular codebook in this contribution. In this simulations the inner and outer matrices are jointly selected and the same feedback rate is assumed. 
An extended version of the multi granular codebook is also studied where
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In other words, the columns may have different phase shifts. The number of different combined matrices equals 64 for rank 1 and 32 for rank 2 assuming N=4.
The precoding weight selection for the 4x2 schemes is based on selecting the weight matrix Wtx that maximizes the Shannon capacity, i.e. log det ( I + HWtx,iWtx,i’H’/Pn), where the channel matrix H is the space-time channel matrix. The channel matrix is similar to what is typically used in the space-time LMMSE receiver calculations. The best candidate precoder is selected for each rank and the final rank selection is made while selecting the rank and CQI that maximizes the overall throughput.
Simulation Assumptions

The main simulation assumptions can be found from the Appendix A and they mostly follow the basic framework agreed in [2]. The simulation were made assuming a common pilot setup where total power equals -10 dB and the power is equally split to the transmit antennas. There are no dedicated pilots present. The multiple access interference is transmitted from 1 antenna only.
The channel modeling has a lot of possibilities for varying parametrization. As some of the codebooks are more designed for certain antenna array topology, two antenna array configurations were studied. In the uniform linear antenna array (ULA) case, the antennas are 0.5 λ spaced both in transmitter and receiver. In the cross-polarized (x-pol) antenna array case, the transmitter has two cross polarized elements 0.5 λ apart and the receiver uses an antenna pair of 1 horizontal and one vertical antenna. The transmitter x-pol antenna array is essentially the one presented in [3].
In contrast to modeling of a single fixed spatial correlation setup, the 3GPP SCM channel model was used to generate random realizations on the spatial correlation properties. This should produce an improved overview on MIMO performance by randomizing the angle of departures and arrivals etc. The spatial correlation scenario was the urban micro scenario defined in [4]. The urban micro scenario defines a random delay spread which leads to low coherence bandwidth. In order to better assess the precoding performance, a fixed ITU pedestrian A power delay profile was used instead. This does not have impact on the per path correlation properties of the SCM channel though. However, the relatively tight antenna spacing means that the channel is also relatively highly correlated. The parameters are also summarized in Appendix 1. The SCM channel model was also used to generate the correlation impact between the polarization planes as described in [4].
Simulation Results 

Simulation results are presented in this section. Legends in the figures refer to different cases: 
· “1x2” equals to normal HSDPA operation with receive diversity

· “2x2 rel. 7 MIMO” equals to 2x2 release 7 MIMO transmission with link and rank adaptation. 

· “4x2 unquant” equals to 4Tx dual stream transmission with link and rank adaptation. Precoder is based of SVD solution with no quantization applied.

· “4x2 LTE cb” equals to 4Tx dual stream transmission with rank adaptation. Precoder is selected from LTE release 8 4-Tx codebook.

· “4x2 multi-gran. cb” equals to 4-Tx dual stream transmission with rank adaptation. Precoder is selected from the multi-granular product precoder codebook described in [3]. 
· “4x2 multi-gran. cb, ext” is same as “4x2 multi-gran cb” except that the inner matrix W(1) of the precoder is selected from 16 different choices. 

The performance is evaluated through mean link throughput over 50 separate spatial channel realizations per simulation point according to the SCM channel model. Each spatial realization is simulated 6000 frames. 

Figure 1, 2, 3 and 4 illustrate the throughputs with ULA antennas for different number of HS-DSCH codes and different HS-PDSCH powers. The figures indicate that there is a clear gain from 4x2 MIMO with LTE codebook precoding comparing to Rel. 7 2x2 MIMO despite the relatively heavy quantization of the precoder matrix (only 4 bits, excluding the rank indicator). The multi-granular codebook also works reasonably well if the extended set of inner precoder weights is used. 

The rank 1 transmission is the dominant mode when geometry factor is below 6 dB. The multi granular rank 1 codebook has similar number of precoding matrices as the LTE codebook and it also seems that the performance is very similar. Assuming the rank 2 transmission on higher geometry factors, the multi granular codebook selection is more limited and the performance is slightly worse than the LTE codebook. 
Some performance degradation is seen in Figure 4 on very high geometry factors. This may be a contribution of several factors in the case where the highest inter symbol interference exists. The precoding weight selection is based on Shannon capacity and it does not take into account the limitations of the equalization. A more optimum algorithm could be envisioned where the SINR after the equalization is maximized. On the other hand, the equalizer in these simulations does not take into account that some of the code channels are transmitted without precoding and hence should have an impact on the received signal covariance. In other words, the equalizer is sub optimum. The simulations were also carried out without over sampling or receiver EVM which would impact the performance of all schemes.
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Figure 1 PedA ULA, 10 codes, HSDPA power -1dB 
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Figure 2 PedA ULA, 10 codes, HSDPA power -2.7dB
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Figure 3 PedA ULA, 15 codes, HSDPA power -1dB
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Figure 4 PedA ULA, 15 codes, HSDPA power -2.7dB


Figure 5, 6, 7 and 8 show the performance assuming the X-pol antennas. The performance trends are similar as in the ULA setup. The multi granular codebook performance is slightly closer to the LTE codebook performance while compared to the ULA case.
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Figure 5 PedA x-pol, 10 codes, HSDPA power -1dB
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Figure 6 PedA x-pol, 10 codes, HSDPA power -2.7dB
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Figure 7 PedA x-pol, 15 codes, HSDPA power -1dB
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Figure 8 PedA x-pol, 15 codes, HSDPA power -2.7dB


Conclusion

Link level performance of 4x2 MIMO was compared to 2x2 MIMO and 1x2 SIMO schemes. It can be observed that there is performance gain even if compact codebook sizes are assumed. Simulations included the Rel. 8 LTE 4-Tx codebook and a multi granular codebook. The performance is quite similar if the size of precoding matrix sets is similar. Assuming either uniform linear array or cross polarized antenna arrays has small impact on performance differences.
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Appendix A: Simulation Assumptions

Table 1. Link Level Simulation Assumptions

	Parameter
	Value

	CPICH_Ec/Ior
	-10dB

	Dedicated Pilot channel


	No dedicated pilots

	P-CCPCH_Ec/Ior
	-12dB

	PICH_Ec/Ior
	-15dB

	HS-SCCH_Ec/Ior
	-12dB

	HS-PDSCH_Ec/Ior
	[-1 -2.7] dB

	Modulation
	QPSK, 16-QAM, 64QAM

	TBS
	Variable

	Link and rank adaptation
	Based on ideal SINR

	CQI Feedback Cycle
	1 TTI

	CQI feedback error
	0 %

	HS-DPCCH ACK/NACK feedback error
	0 %

	Maximum number of HS-DSCH codes
	15

	Number of HARQ Processes
	6

	Maximum Number of H-ARQ Transmissions
	4

	HARQ Combining
	Chase combining

	Residual BLER
	10% after 1 transmission

	Precoding weight vector determination
	Capacity maximizing

	PCI/CQI Feedback delay
	1 TTI

	Precoding Feedback error rate
	0%

	Precoder update rate
	1 TTI

	Channel Estimation
	Realistic

	UE Receiver Type
	Spatial temporal LMMSE receiver

	Number of samples per chip
	1

	Tx Antenna array
	4 elements

ULA : 0.5 λ spacing
x-pol : cross polarized antennas, 0.5 λ spacing

	Rx Antenna Array
	2 elements

ULA : 0.5 λ spacing
x-pol : 1 vertically and 1 horizontally polarized antenna


Table 2. Channel model Parameters
	Parameter
	Value

	Delay spread
	Pedestrian A

	Velocity
	3 km/h

	Spatial correlation model
	Urban micro [4]

	Per-path AS at MS [4] 
	35 degrees

	Per-path AS at BS [4]
	5 degrees

	Per-path AoD distribution at BS [4]
	U(-40,40) degrees

	Correlation between the polarization planes
	As in [4]

	Number of drops
	50
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