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1
Introduction
The key enhancements being considered for DL in LTE Release 10 specification are support for 8x8 SU-MIMO and enhanced MU-MIMO. A unified feedback approach is desired that provided good support for SU-MIMO and MU-MIMO. Spatial channel information such as Channel Direction Information (CDI) [1][2][3] is well suited for both SU and MU-MIMO. CDI is similar to the concept of PMI feedback in Release 8 and the reporting relies on codebook structure.  The codebook size required to support SU-MIMO and MU-MIMO with CDI feedback for 4 Tx is discussed in [1]. In this contribution we present some initial results on the required codebook size to support SU-MIMO with 8 transmit antennas. 
2
Codebook Size
In this contribution we present simulation results to identify the codebook size that provides a good tradeoff between performance and UE complexity & feedback overhead. Simulation assumptions are provided in the Appendix. We consider two types of codebooks

Gaussian Codebook: Randomly generated codebook containing random complex Gaussian elements. SVD performed on that to make it unitary.

Uniform Codebook: Each entry in the codebook have unit norm. 
2.1
UE-RS based SU MIMO performance for different codebook sizes for TU 8x2 and TU 8x4 
In the following simulations we assume UE-RS based demodulation. The hybrid FDM CDM UE-RS pattern shown in Figure 1  is used for the simulations.
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Figure 1  Rel10 UE-RS pattern for normal CP

The simulation results as Throughput vs. SNR curves are shown in Figures 2 through 5 below. 
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Figure 2: 8x2 TU - UE-RS based demodulation
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Figure 4: 8x4 TU - UE-RS based demodulation
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Figure 3: 8x2 TU - UE-RS based demodulation
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Figure 5: 8x4 TU - UE-RS based demodulation
From the throughput curves we clearly see that increasing the number of codebook entries provides significant gains for 8 Tx systems especially for the lower ranks. Increasing the number of codebook entries at lower ranks is also beneficial when the feedback is used for MU-MIMO. The results also show that the performance of uniform codebook is identical to the Gaussian codebook for the codebook sizes considered. 
2.2
CRS based SU MIMO performance for different codebook sizes for TU 4x2 and TU 4x4 

As a background comparison, we provide the simulation results showing the SU-MIMO performance with increasing precoding granularity with CRS-based demodulation. The corresponding simulation results are shown in Figures 6 and 7 show.  
We see that the throughput gains obtained from increasing the precoding granularity is not much and hence the choice of 16 PMI values was appropriate for Rel-8. 
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Figure 6: 4x2 TU - CRS based demodulation
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Figure 7: 4x4 TU - CRS based demodulation

Note that the above simulations were based on CRS channel estimate.  In other simulations shown in [1] and based on UE-RS channel estimation, significant gains were seen with increasing the codebook size. UE-RS based results are especially important in evaluating MU-MIMO results.
2.3
Code book derivation
For Rel-10, 8x8 codebooks need to be designed. In the following, we propose codebook construction methods. 

In this contribution, we assume 4-bit codebooks as a baseline, where the required higher granularity discussed in Section 2.1 can be attained by utilizing multiple description coding (MDC).  

3
Codebook structure

3.1
Structured codebooks 

In [5], structured codebooks have been proposed, which reduce the 8x8 codebook design to a problem of designing smaller component codebooks.  It is assumed that existing Rel-8 codebooks can be used as components. 

Note that the underlying assumption for structured codebooks is that the channel has inherent rank deficiency due to antenna correlation.  In cases for which the antenna correlation assumption doesn’t hold, a different codebook needs to be designed.  For example, in indoor environments typical for femto cells, there is smaller eNB antenna correlation due to the rich scattering environment.  On the other hand, it is not likely that femto cells will be deployed with 8 Tx antennas, so the Rel8 codebook might be sufficient. Another case is Manhattan-type scenarios, with dense deployment where many eNBs won’t have the Tx antenna placed above the average building height. 

Due to these considerations, a general codebook that works for both correlated and uncorrelated cases would be desirable.  It is also possible to design different downloadable codebooks that match certain antenna correlation assumptions.

3.2
General codebook 

Various designs have been proposed in [6][7][8].  Some proposed figure of merit has been described in [6]. 
We note that the codebook proposed in [6] has only 4 entries as 8x8 precoders, i.e. for Rank 8 it reduces to a 2x2 codebook.  This does not make it possible to efficiently use the available control channel payload. Although it might be argued that Rank 8 transmissions will not occur frequently. 

In this contribution, we propose a different codebook that is based on the Rel8 codebook. 

The basic 8x8 codebook M is constructed by a Kronecker product of the Rel8 codebook and the 2x2 Hadamard matrix. 

[image: image8.wmf]ú

û

ù

ê

ë

é

-

Ä

=

1

1

1

1

n

n

W

M

,

[image: image9.wmf]15

,...

2

,

1

,

0

=

n


Next, each matrix 
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 is rotated (left multiplied) by a diagonal matrix, whose elements are chosen so that the first column vector of each code book (i.e. the rank 1 precoders) becomes the following set of vectors: 

The first eight rank 1 precoders 
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 are derived as
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where  
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The other 8 rank 1 precoders 
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  are derived as inverting (i.e. multiplying by -1) alternating elements of the precoder 
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In Figure 8, the eigen-beam matching loss is shown for the proposed codebook, compared with the one proposed by Samsung. It can be seen that in an ideal ULA scenario with very narrow angular spread, the codebook proposed here outperforms the previously proposed codebook. 
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Figure 8  ‘Array manifold’ unwrapped horizontal pattern for λ/2 ULA  

In Figure 9, the Interference Suppression Ratio (ISR) is shown for the proposed codebook, compared with the one proposed by Samsung. 
The interference suppression ratio, ISR, is defined as
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where h is a random realization of a 4x4 Rayleigh channel with zero antenna gain imbalance, zero antenna correlation, and with channel power always normalized to 1; w is the best rank-1 precoder, i.e. the codebook entry for which 
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 is maximum for the given channel realization h.
It can be seen from Figure 9 that the codebook proposed by Samsung outperforms the codebook proposed her by up to 0.1dB. 
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Figure 9  Interference Suppression Ratio CDF  

4
Conclusion

We presented SU MIMO simulation results for codebooks for 8x8 Antenna systems. We observed that larger codebook sizes are required for 8 Tx to fully extract the system gains.

A codebook construction method was proposed that is based on a rotation of the Hadamard extension of the Rel8 4x4 codebook.  The proposed codebook has the following properties: 
· Constant modulus

· Codebook entries are powers of 
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· The codebook has a nested structure
The proposed codebook needs to be further evaluated.  
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Simulation Assumptions
	Transmission Bandwidth
	5MHz

	Channel Model
	TU 3km/h

	Number of Tx antennas
	8 , 4

	Number of Rx antennas
	2 / 4

	Receiver Type
	Linear MMSE

	Allocation Size 
	24 RBs

	Number of Control Symbols
	3 

	Number of CRS antenna ports
	4

	CQI/Precoding feedback
	Codebook based Precoding Per 2 RB, every 5ms 

	CP Mode
	Normal CP

	Channel Estimation Pilots
	For 4 Tx Antenna use CRS for channel estimation

For 8 Tx Antenna use UE-RS for channel estimation

	Channel Estimation
	2D MMSE with uniform Doppler spread and uniform delay spread assumed.  

Tuned to 10, 30, 120 Kmph for speed of 3, 30, 120 Kmph

Delay spread 10us for Normal CP like pattern for Veh B and 16 us for other patterns.

Delay spread of 5us for TU

	Interference Estimation
	Perfect

	HARQ
	Target 10% after 1st transmission
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