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1. Introduction

In [9] a broad framework for the evolution of MU-MIMO in LTE-A is presented. It is shown there how the ability to adapt the CSI feedback codebook is important for support of MU-MIMO in the range of scenarios and antenna configurations likely to be encountered. By adapting the codebook [4][1][2], different alternatives beyond the one release 8 codebook can be used, being optimized e.g. on the propagation scenario and the antenna configuration.
As new codebooks only have to be distributed once a UE enters a new cell, the additional overhead created by codebook downloading is negligible. The number of bits per PMI does not have to be changed (but optionally changes are possible in order to introduce more flexibility).
[6] and [5] suggest some codebooks matched to certain antenna configurations (linear arrays and cross-polarized arrays respectively).
In this T-Doc we discuss a codebook matched to a grid of beams deployment suitable for low angular spreads, high antenna correlation and calibrated arrays; we have a look at its performance compared to the release 8 codebook.
2. Description of the proposed grid-of-beams codebook
The first design criterion of the codebook is to create high array gain over the range of a whole sector.
The second criterion is to support SDMA. Thus it should provide very low crosstalk between beams in order to reduce intra-cell interference when using MU-MIMO. Additionally, CQI measurements based on a single stream should be easy to use also for the MU-MIMO case. This is achieved by tapering
2.1. Codebook baseline design
The fixed beams can be formed out of steering vectors which form a suitable partition of a 120° sector. 

For transmission to a certain user the beam​forming vector v is chosen from a predefined static set of complex numbered antenna weights, so-called beams. In the case of one spatial layer the receive vector of each user and subcarrier has the following form:
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The weights are chosen from a fixed codebook
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 with I denoting the number of available beams. H is the MIMO channel matrix, p the square root of the transmit power, s the transmitted symbol and z the vector of interference plus noise.

The antenna weights vi (with non tapered beams) are calculated from the main beam direction (i of beam i and from the m-th transmit element position dm for all M elements, with k = 2(/( being the wave number, according to:
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A 4 (8)-el. uniform linear array with λ/2 spacing has the element positions 
[image: image5.wmf]÷

ø

ö

ç

è

æ

±

±

±

±

=

l

l

l

l

4

7

,

4

5

,

4

3

,

4

1

m

d


For a 120° sector for 4 antenna elements 8 beams are chosen with beam directions according to equal spacing in beam-space (resulting in equal beam crossing levels), which gives as beam directions (i  in degrees: {±49.3, ±32.8, ±19.0, ±6.2}

For N beams ld N feedback bits are needed to feed back the codebook index. Due to the correlated transmit antennas this feedback is suitable for the whole band and can be updated on low frequency as the adaptation is based on directions and not on fast fading. 

The antenna patterns for 4 transmit antennas in figure 1 below shows that 8 beams ensure almost full array gain over the whole sector.
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Figure 1 – Resulting antenna pattern for a 120° sector with 70° HPBW, 4 elements are used to form 8 beams
2.2. Design for MU-MIMO
Tapering can be used on top of the antenna weights to improve the shape of the beam directivity pattern for SDMA. For the investigations Chebyshev tapering [7] was chosen as it is optimal in the following sense: For a given side lobe level, the width of the main lobe is minimized. When using SDMA with fixed beams, increasing tapering decreases cross-talk between side lobes and increases robustness due to beam mismatch. 
3. Simulation results
On system level this approach was already used in [3] and has been shown to perform well compared to other MIMO schemes.

System simulations are performed for a 4x2 SDMA scenario with 10 UE and 3 km/h mobility and 10 MHz system bandwidth. The results for both codebooks are shown in table 1. The optimized pre-coding code-book shows a gain of more than 10 % in spectral efficiency over the LTE release 8 codebook. This can be mainly attributed to the higher side-lobe suppression.

	Pre-coding code-book
	Spectral efficiency

[bit/s/Hz]
	5 % quantile of user throughput

[Mbit/s]

	LTE release 8
	2.32
	0.62

	Optimized BF codebook with tapering [0.6 1 1 0.6]
	2.57
	0.62


Table 1 - System simulation results 4x2 MU-MIMO using SDMA with grid-of-fixed beams with 10 UE, 3km/h mobility and 10 MHz system bandwidth. 
The simulation settings are shown in the appendix.
4. Conclusion

In this T-Doc we have discussed and evaluated a codebook optimised for a grid of beams deployment for low angular spreads, high antenna correlation and calibrated arrays, and showed that a performance improvement of more than 10% is feasible without extra overhead, even when using just 3 PMI bits for the whole frequency band.
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Precoding vectors
GoB Codebook
	PMI
	Beam-vector
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The entries in the table are listed without tapering.
LTE Release 8 codebook subset
In conjunction with calibrated linear arrays, a subset of 7 weights was chosen resulting in reasonable antenna patterns. (The single stream performance does not change in this case, compared to the usage of all 16 entries.) 
In the MU-MIMO case (SDMA) this subset allows a user selection criterion based on a minimum beam distance (see below).

User selection

SDMA user selection is based on scheduling score and best beam index.  The score is based on CQI and a proportional fairness criterion [8]. The user with the highest score is allocated first.  First and second neighbour beams on each side are blocked. From the set of users in non-blocked beams, the remaining user with the highest score will be co-scheduled in the same sub-band. 
Simulation settings

Based on case 1

	Parameter
	 

	System bandwidth
	10 MHz

	Cellular Layout
	Hexagonal grid, 7 cell sites, 3 sectors per site

	Inter-site distance
	500m

	Distance-dependent path loss
	L = 128.1 +  37.6 log10(R), R in kilometers (2 GHz case)

	Lognormal Shadowing
	Similar to UMTS 30.03

	Shadowing standard deviation
	8 dB

	Shadowing correlation: Between cells
	0.5

	Shadowing correlation: Between sectors
	1

	Penetration Loss  
	20 dB

	Antenna pattern (horizontal)
(For 3-sector cell sites with fixed antenna patterns)
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= 70 degrees,  Am = 20 dB 



	LTE carrier frequency / bandwidth
	2.1 GHz / 10 MHz

	UE speed
	3 km/h 

	LTE total BS TX power
	46dBm (10 MHz case, full buffer simulations)

	Inter-cell Interference Modeling
	Explicit modeling 

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	 

	Users dropped uniformly in entire cell
	 

	Minimum distance between UE and cell
	>= 35 meters

	Scheduler
	Score-based with fully adaptive HARQ

	HARQ
	Asynchronous, adaptive

	HARQ RTD
	8 TTI

	Link Adaptation
	Initial target BLER = 30%

	CQI feedback range and granularity
	See R1-073858:
5 bits per sub-band (-10 dB … + 22 dB in steps of 1 dB)

	CQI reporting sub-band size
	5 PRB

	CQI RTD
	7 ms

	CQI feedback period
	5 ms

	Traffic model
	Full buffer

	Number of UEs per cell
	10

	Reuse scheme
	Reuse 1

	Control channel errors (ACK/NACK, CQI)
	Not applied

	Channel model
	Spatial Channel Model WiM urban macro C2)

	Link to system interface
	Mutual Information Effective SNIR Mapping (MIESM)

	
	

	eNodeB Parameters
	

	Parameters
	Model Assumptions

	Node-B Transmitter
	4 Antenna

	BS antenna gain plus cable loss
	14dBi

	Power Control (DL)
	Not applied

	Pilot overhead 
	Explicitly simulated according to TS 36.211 (4.76 % overhead)

	Receiver Noise Floor
	17 dB

	Channel Estimation Loss [dB]
	Max(1, 10 * log10(7/6 + 1/(6*SNIR) ) )

	L1-L2 control channel overhead
	First three OFDM symbols per sub-frame

	
	

	UE Parameters
	

	Parameters
	Model Assumptions

	UE Receiver
	2 Antennas, 1/2 Lambda

	Antenna gain
	0 dBi

	UE Receiver Noise Figure
	9 dB

	Receiver Noise Floor
	22 dB

	UE Receiver
	MRC

	Interference Rejection Combining
	Not applied
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