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1 Introduction
In RAN#71 meeting a Release 14 work item on Enhancements on Full-Dimension MIMO for LTE was approved [1]. One of the work item objectives includes evaluation and, if needed, specification of enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding. In RAN1#84bis several codebook based (implicit feedback) candidates for PMI enhancement were identified [2]
· Linear combination codebook (enhanced W2) for non-precoded CSI-RS and beamformed CSI-RS

· MU CSI (e.g., additional i1, i1,1, or i1,2) 

· Other new or modified codebooks

This contribution presents evaluation of the beam combining codebook for Class B FD-MIMO, which was first proposed as overhead reduction scheme [3].
2 Discussion 
A new DL MIMO operation with beamformed CSI-RS antenna ports was introduced for Class B FD-MIMO [4]. One realization of Class B FD-MIMO assumes UE-specific transmission of beamformed CSI-RS with CSI reporting based on the beam selection codebook. In this codebook, PMIs indicate the most preferred beams among the transmitted on the CSI-RS resource elements and provide co-phasing between the two available antenna polarizations. For that purpose, beam selection PMIs in LTE-A Pro Release 13 are constructed via concatenation of two selection vectors (one per polarization) containing all zeroes except for one element and a complex-valued factor performing the co-phasing of two beamformed signal polarizations.
The enhancement for Class B FD-MIMO operation proposed in [3] relies on the principle of combining beamformed channels corresponding to the basis set of beams in order to obtain the CSI for other beams without transmitting additional CSI-RS associated with these beams. An example of linear beam combining is shown in Fig. 1 where the basis beams are two orthogonal DFT beams. It can be seen that the beam combining technique increases spatial (i.e., angular) granularity of beamforming and approximates the oversampled DFT beam as shown in Fig. 1. The linear combining of the channels from beamformed CSI-RS antenna ports can be provided by new code words in the codebook, referred to as the beam combining PMIs. Comparing to the existing beam selection codebook in Rel-13, the additional precoding vectors from the proposed codebook may contain larger number of non-zero entries.
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Fig. 1. An example of beam combining principle

3 Construction of beam combining codebook
In this section we provide detailed construction of the beam combining codebook. It is assumed that the CSI-RS beamforming vectors, are drawn from the set of 2D discrete Fourier transform (DFT) vectors comprising the unitary matrix D with dimensions M·N ( M·N, i.e.:
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Denote matrix B as matrix containing subset of DFT vectors which were used for beamforming of CSI-RS antenna ports. Then the beam combining codebook can be constructed as follows

w = (I2 ( BH) c,
where I2 is 2x2 diagonal matrix and c is PMIs of FD-MIMO Class A codebook. For example, for rank-1 case, the set of vectors c is defined as follows
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where Ov and Oh are required oversampling factors for the vertical and horizontal DFT beams, respectively. Scalar 
[image: image14.wmf]l
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 is used for co-phasing of the antenna elements with two different polarization slants.

4 Evaluation results

The performance evaluation for the proposed codebook with beam combining code words was carried out in the 3GPP 3D-UMi simulation scenario using the non-full buffer FTP Model-1 traffic model with S = 0.5 Mbyte packet size. Three different packet arrival rates within a macrocell area were considered: 1 = 1.8 s-1, 2 = 2.8 s-1 and λ3 = 3.7 s-1, corresponding to low, medium and high traffic load, respectively. Fig. 2 shows the system resource utilization (RU) for the considered values of the packet arrival rate.
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Fig. 2. System RU statistics

The obtained CDFs of the user packet throughput (UPT) are presented in Fig. 3. Also, these results are summarized in Table I for the 5%-tile, 50%-tile and 95%-tile in the CDFs of UPT and the mean UPT averaged across all UEs.
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Fig. 3. CDFs of UPT for three different system loads

From the simulation results, it can be seen that the use of the CSI feedback scheme based on the proposed beam combining codebook increases the average UPT for all considered traffic loads. This allows us to make the following proposal.
Proposal:

· For Class B FD-MIMO (K=1), specify codebook enhancements with additional precoding vectors containing more than two non-zero coefficients responsible for the combining beamformed channels of different CSI-RS antenna ports.

Table I. System-level simulation results summary
	Traffic load
	UPT
	Beam selection, Mbps
	Beam combining, Mbps
	Relative gain of beam combining

	low (1 = 1.8 s-1)
	average
	31.66
	34.79
	10%

	
	5%-tile
	9.07
	11.20
	23%

	
	50%-tile
	29.52
	33.62
	14%

	
	95%-tile
	55.66
	55.72
	0%

	medium (2 = 2.8 s-1)
	average
	20.58
	25.41
	23%

	
	5%-tile
	4.27
	6.24
	46%

	
	50%-tile
	16.25
	21.73
	34%

	
	95%-tile
	54.83
	55.48
	1%

	high (3 = 3.7 s-1)
	average
	8.98
	15.35
	71%

	
	5%-tile
	1.15
	2.79
	143%

	
	50%-tile
	5.13
	11.06
	116%

	
	95%-tile
	31.51
	44.45
	41%


5 Summary

This contribution proposes design of Class B beam combining codebook. The performance evaluation results of the proposed beam combining codebook for Class B FD-MIMO with UE-specific beamformed CSI-RS is also provided. Based on the results, it has been observed that the Class B FD-MIMO performance can be improved by using beam combining codebook. Based on the observation the following proposal is made:
· For Class B FD-MIMO (K=1), specify codebook enhancements with additional precoding vectors containing more than two non-zero coefficients responsible for the combining beamformed channels corresponding to different CSI-RS antenna ports.
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Appendix: simulation assumptions
	Parameter
	Value

	Scenario
	3GPP 3D-UMi

	Deployment
	Hexagonal

19 sites w/ 3 macro-cell areas per site

	Wrap-around model
	Geometric

	Bandwidth
	10 MHz

	Duplexing
	FDD

	BS antenna
	URA X-Pol, (45° polarization slant

Layout:

#of X-Pols in a column M=8,

#of X-Pols in a raw N=2

TXRU layout: 2(1 antenna elements with the same polarization

16 TXRUs

0.5 horizontal antenna spacing

0.8 vertical antenna spacing

Electrical down-tilt  = 100°

	UE antenna
	Two co-located elements

0°, 90° polarization slant

	Traffic model
	FTP Model 1,

S = 0.5 Mbyte,

1 = 1.8 s-1, 2 = 2.8 s-1,3 = 3.7 s-1

	Transmission scheme
	SU-MIMO w/ rank adaptation

Max rank-2 per UE

	Scheduler
	Proportional fair

	CSI feedback
	Per subband (10 subbands)

Periodicity 5 ms

Delay 5 ms

	HARQ
	Chase combining

Up to 3 retransmissions

	Outer loop link adaptation
	10% target BLER

	UE receiver
	MMSE-IRC

	Channel estimation
	Perfect knowledge for demodulation and CSI feedback

	Interference estimation
	Perfect knowledge for demodulation and CSI feedback

	Simulation time
	2000 frames (10ms/frame)
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