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1. Introduction
In RAN#65, the study on elevation beamforming / full-dimension MIMO for LTE was approved [1], aiming at studying potential enhancements to support MIMO operation in elevation domain in addition to the azimuth domain that has been considered in earlier LTE releases.

In [2], we have provided some initial high-level views on possible 3D MIMO schemes that would be worth further study. In this contribution we provide some related initial evaluation results.
2. Evaluated schemes
We evaluated the potential throughput improvement from FD-MIMO enhancements based on the 3D-channel model developed in the 3D-channel model SI [3], in both 3D-UMa and 3D-UMi scenarios. We used a cross-polarized array where the number of antenna elements (with the same polarization) in each column (NEl) was eight, and the number of horizontal antenna elements (NAz) was four or eight. The antenna elements were spaced by half a wavelength both horizontally and vertically. Only single-user MIMO was considered in this evaluation.
We evaluated the following schemes:
1. Schemes using codebook-based short-term precoding in azimuth domain: Normal short-term CSI feedback for the horizontal antennas, using the existing Rel-12 4-Tx and 8-Tx codebooks.
1.1. Single elevation beam: The baseline scheme with a fixed downtilt of 12 degrees, achieved by using the same fixed beamforming vector for all columns.
1.2. Three elevation beams: A standard-transparent scheme with three elevation-precoded CSI-RS resources within each cell, and each UE is configured to report CSI feedback using one of them. Selection of the CSI-RS resource for each UE is based on the (long-term) received power. The elevation precoders are chosen such that the resulting fixed beams are downtilted by -12, 12, and 24 degrees.
1.3. Long-term SVD elevation beamforming: An enhanced scheme where the elevation beamformer for the UE is obtained based on long-term channel covariance obtained by averaging the NEl×NEl elevation domain channel covariance matrix over time and frequency. The beamformer is obtained as the principal eigenvector of the long-term channel covariance through SVD. 
2. Schemes using SVD-based short-term precoding in azimuth domain: Short-term SVD is used in place of 4-Tx and 8-Tx codebooks in the azimuth domain. The SVD of the NAz×NAz short term channel covariance is calculated separately for each CSI subband. The schemes are otherwise the same as above.
2.1. Single elevation beam: Baseline scheme, same as 1.1.
2.2. Three elevation beams: Same as 1.2.
2.3. Long-term SVD elevation beamforming: Same as 1.3.
2.4. Joint azimuth and elevation domain SVD precoding: Short-term SVD-based CSI feedback is used in both vertical and horizontal directions, i.e., taking SVD of the short-term NElNAz×NElNAz covariance matrix. The SVDs are again calculated separately for each subband. This scheme corresponds basically to the upper bound for the performance that can be obtained without considering MU-MIMO or inter-cell interference coordination/reduction.
The CSI feedback in the azimuth domain is based on ideal knowledge of the elevation-beamformed channel in all of the simulated schemes. Thus the obtained performance gain figures over the baseline single beam case are to be considered as upper bounds. 

Scheme 1.1 with fixed elevation beamforming gives the baseline performance of the considered scenarios. Scheme 1.2 corresponds to a standard-transparent way of utilizing the elevation domain. The other schemes were simulated in order to evaluate potential benefits of UE-specific precoding in both vertical and horizontal directions. These schemes basically correspond to the scheme discussed in [2] where the CSI feedbacks for vertical and horizontal direction are separately measured and reported (and then combined), or where such transmitter side channel state information is possible to be obtained through channel reciprocity. The schemes with SVD-based azimuth domain precoding are included in order to assess the performance benefits from short-term fully joint azimuth and elevation precoding (scheme 2.4) as compared to Kronecker product based beamforming using long-term (scheme 2.3). 
More detailed evaluation assumptions are listed in Annex A.
3. Evaluation results

The evaluation results for the four different scenarios simulated are given in Tables 1 to 4. Three different values of offered load were simulated, corresponding to roughly low to high load cases. The tables show the resource utilization of each scheme, and the mean and 5th percentile user packet throughput. The throughput is given in megabits per second for the baseline cases (schemes 1.1 and 2.1), and as a gain percentage relative to the baseline for the enhanced schemes.

In the 3D-UMa scenario, the mean throughput gains are rather small, ranging from 3% to around 10%, while the cell edge gains are high, reaching even up to around 40%-60%. The gains in the 3D-UMi scenario are significant, ranging from around 20% to 50% in mean throughput. The cell edge gains are very high, reaching beyond 100% and in some cases even beyond 200% at high load. In general, the gains observed in the 3D-UMa scenario are significantly lower (though still notable) than in the 3D-UMi case, which is expected as the range of elevation angles seen by the eNB is much broader in the latter case.

It is noted that most of the gain of long term elevation beamforming is obtainable by utilizing the standard-transparent three beam scheme, while the full joint short term SVD beamforming is able to almost double the gain (in 3D-UMi). However, we note that such schemes may be feasible only in case of TDD deployments with fully reciprocal UL and DL channels, as the related spatial CSI feedback burden is excessive.
Table 1: 3D-UMa, four elements in azimuth and eight in elevation / 32 TXRUs.
	Scheme / Offered load
	7 Mbps/sector
	9 Mbps/sector
	12 Mbps/sector

	3D-UMa / 4TX / CB
	RU
	Mean
	5th %ile
	RU
	Mean
	5th %ile
	RU
	Mean
	5th %ile

	1.1 Single beam, baseline
	28.23
	24.19
	7.09
	40.08
	20.74
	4.94
	62.97
	15.39
	2.51

	1.2 Three beams (gain)
	26.91
	3.58%
	8.52%
	37.92
	4.98%
	11.13%
	59.02
	8.08%
	17.94%

	1.3 Long term EBF (gain)
	24.82
	7.51%
	26.07%
	35.15
	8.70%
	31.18%
	55.13
	11.10%
	38.20%

	3D-UMa / 4TX / SVD
	RU
	Mean
	5th %ile
	RU
	Mean
	5th %ile
	RU
	Mean
	5th %ile

	2.1 Single beam, baseline
	25.81
	26.28
	8.00
	36.73
	22.75
	5.64
	57.89
	17.42
	3.05

	2.2 Three beams (gain)
	24.66
	3.11%
	7.96%
	34.74
	4.51%
	11.79%
	54.34
	6.67%
	17.89%

	2.3 Long term EBF (gain)
	22.76
	6.71%
	25.03%
	32.24
	7.84%
	30.47%
	50.83
	8.77%
	37.39%

	2.4. Full joint SVD (gain)
	21.25
	13.26%
	37.85%
	29.74
	15.82%
	47.55%
	46.42
	20.43%
	63.59%


Table 2: 3D-UMa, eight elements in azimuth and eight in elevation / 64 TXRUs.
	Scheme / Offered load
	7 Mbps/sector
	9 Mbps/sector
	12 Mbps/sector

	3D-UMa / 8TX / CB
	RU
	Mean
	5th %ile
	RU
	Mean
	5th %ile
	RU
	Mean
	5th %ile

	1.1 Single beam, baseline
	23.23
	27.95
	9.69
	32.05
	25.04
	7.44
	48.79
	20.41
	4.68

	1.2 Three beams (gain)
	22.38
	2.58%
	6.33%
	30.62
	3.46%
	7.58%
	46.42
	4.62%
	11.33%

	1.3 Long term EBF (gain)
	20.94
	6.18%
	19.23%
	28.70
	6.56%
	23.41%
	43.81
	6.61%
	22.66%

	3D-UMa / 8TX / SVD
	RU
	Mean
	5th %ile
	RU
	Mean
	5th %ile
	RU
	Mean
	5th %ile

	2.1 Single beam, baseline
	20.32
	31.21
	11.66
	27.79
	28.35
	9.12
	42.15
	23.76
	6.11

	2.2 Three beams (gain)
	19.69
	1.89%
	6.35%
	26.68
	2.70%
	8.18%
	40.14
	3.96%
	8.88%

	2.3 Long term EBF (gain)
	18.53
	4.93%
	18.66%
	25.13
	5.25%
	21.02%
	37.94
	5.94%
	23.15%

	2.4. Full joint SVD (gain)
	17.78
	8.51%
	26.41%
	23.85
	9.73%
	32.47%
	35.45
	12.54%
	41.72%


Table 3: 3D-UMi, four elements in azimuth and eight in elevation / 32 TXRUs.
	Scheme / Offered load
	7 Mbps/sector
	9 Mbps/sector
	12 Mbps/sector

	3D-UMi / 4TX / CB
	RU
	Mean
	5th %ile
	RU
	Mean
	5th %ile
	RU
	Mean
	5th %ile

	1.1 Single beam, baseline
	29.10
	24.11
	6.56
	42.54
	20.68
	4.48
	69.56
	14.88
	1.88

	1.2 Three beams (gain)
	21.86
	19.60%
	64.01%
	30.35
	24.83%
	83.19%
	47.20
	42.21%
	169.79%

	1.3 Long term EBF (gain)
	20.76
	23.84%
	78.25%
	28.77
	29.27%
	105.18%
	44.76
	47.45%
	206.22%

	3D-UMi / 4TX / SVD
	RU
	Mean
	5th %ile
	RU
	Mean
	5th %ile
	RU
	Mean
	5th %ile

	2.1 Single beam, baseline
	26.47
	26.22
	7.40
	38.70
	22.69
	5.22
	63.96
	16.91
	2.37

	2.2 Three beams (gain)
	20.26
	17.06%
	60.32%
	28.09
	21.95%
	78.06%
	43.49
	36.38%
	151.39%

	2.3 Long term EBF (gain)
	19.34
	20.40%
	74.26%
	26.72
	25.55%
	95.77%
	41.37
	40.51%
	177.65%

	2.4. Full joint SVD (gain)
	17.74
	28.80%
	98.50%
	24.14
	36.03%
	130.82%
	36.61
	56.77%
	246.57%


Table 4: 3D-UMi, eight elements in azimuth and eight in elevation / 64 TXRUs.
	Scheme / Offered load
	7 Mbps/sector
	9 Mbps/sector
	12 Mbps/sector

	3D-UMi / 8TX / CB
	RU
	Mean
	5th %ile
	RU
	Mean
	5th %ile
	RU
	Mean
	5th %ile

	1.1 Single beam, baseline
	23.67
	27.98
	9.25
	33.09
	25.15
	7.10
	52.09
	20.43
	4.02

	1.2 Three beams (gain)
	19.04
	13.93%
	44.64%
	25.78
	16.36%
	54.06%
	38.76
	23.85%
	89.69%

	1.3 Long term EBF (gain)
	18.24
	17.38%
	54.71%
	24.65
	19.90%
	67.17%
	36.98
	27.66%
	105.15%

	3D-UMi / 8TX / SVD
	RU
	Mean
	5th %ile
	RU
	Mean
	5th %ile
	RU
	Mean
	5th %ile

	2.1 Single beam, baseline
	20.71
	31.14
	11.10
	28.77
	28.34
	8.74
	45.15
	23.70
	5.30

	2.2 Three beams (gain)
	17.23
	10.82%
	39.13%
	23.19
	12.74%
	45.60%
	34.30
	18.71%
	76.85%

	2.3 Long term EBF (gain)
	16.68
	13.07%
	46.67%
	22.30
	15.38%
	56.29%
	33.00
	21.29%
	88.34%

	2.4. Full joint SVD (gain)
	15.87
	17.39%
	57.85%
	21.00
	20.82%
	71.26%
	30.52
	29.03%
	117.23%


4. Conclusion
In this contribution we have provided some initial results on certain FD-MIMO schemes. While further evaluation is clearly needed considering for instance channel and interference estimation imperfections, less ideal feedback schemes as well as utilization of MU-MIMO, some observations can be drawn as follows:

Observations:

· Standard-transparent schemes based on elevation-precoded CSI-RS (a set of fixed beams) may provide a large fraction of the achievable gains.

·  Hence this should be considered as one baseline scheme for further studies.

· UE-specific elevation beamforming schemes provide significant gains in both mean and cell edge throughput.
· There is a clear gain even over the standard-transparent scheme with a set of fixed beams, justifying further studies on UE-specific elevation precoding/beamforming.
· The gains of UE-specific elevation beamforming over a set of fixed beams are larger in scenarios with larger separation among the UEs in the elevation domain.
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Annex A – Simulation assumptions 

	Parameter
	Value

	Scenario
	3D-UMi (homogeneous)
3D-UMa (homogeneous)

Geographical distance based wrapping

	eNB antenna array
	URA x-pol, -45/+45 degree slants, {32, 64} TXRUs

{4,8} columns and 8 rows, ½  wavelength spacing
Polarization model 2

	UE antenna array
	2 Rx x-pol, 0/90 degrees slant

	Traffic model
	FTP model 1

0.5 Mbyte packet size

Load: {7, 9, 12} Mbps/sector

	Cell association
	Based on port 0 (not beamformed)

HO margin 1dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Channel and interference covariance estimation
	Ideal for both demodulation and CSI

	CSI feedback
	Mode 3-2 with 5ms periodicity and 6ms delay

	CRS locations
	Colliding across all cells

	Transmission mode
	TM10

	Overhead
	2 CRS ports, 3 PDCCH symbols, {4,8} CSI-RS ports with 5 ms periodicity, 12 DMRS REs

	Scheduling
	PF, SU-MIMO

	OLLA
	10% BLER target

	Elevation beamforming
	Single beam, fixed downtilt 12 degrees
Three beams, downtilt -12, 12, 24 degrees

Long-term elevation SVD (wideband)

Short-term joint elevation/azimuth SVD (subband)

	Azimuth precoding
	{Rel-12 4TX, 8TX} codebook (subband)
Short term SVD precoding (subband)

	Max modulation order
	64QAM

	UE receiver
	MMSE-IRC

	Max HARQ transmissions
	4

	EVM
	Tx 6%, Rx 4%



