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1. Introduction

Until RAN1 #78 meeting, the phase-1/2 channel and the baseline performance calibrations for the 3D channel model had been conducted. Calibration results are summarized in [1]. At the RAN #65 meeting, a new study item [2], i.e., Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE has been approved. One of the targets of this study item is to evaluate the 3D MIMO performance for different numbers of TXRUs. In this contribution, we present our initial evaluation results of the 3D MIMO and compare the results with the legacy MIMO system, i.e., Rel. 12 LTE based MIMO scheme. The evaluation relies on the 2D uniform antenna array, the 3D deployment scenario and the 3D channel model agreed in the 3D channel model study.
2. Evaluation Assumptions and Results
We consider a 2D planar antenna array as illustrated below, which contains M vertical and N horizontal cross-polarized antenna elements. We use MxNxP to notate the 2D planar antenna array where P is used to notate the polarization. For co-polarized array, P = 1; for cross-polarized array, P = 2. Each vertical array can be further divided into subarrays containing K adjacent antenna elements. Complex weights are applied to each antenna elements in the K-element subarray to realize the electrical down-tilting. By doing this, each vertical elements are mapped to M/K subarrays. In this investigation, we only consider two extreme cases, i.e., K = M or K = 1, where K = M is regarded as the legacy system and K = 1 represents the 3D MIMO which can exploit the full capability of the 2D planar array.
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Figure 1: 2D planar antenna array structure.
In this initial evaluation, we consider the UMi deployment scenario with 3.5GHz carrirer frequency. Although we intended to evaluate small cell deployment, we use homogeneious NW model as a first step for simplicity. The following antenna array configurations are considered:

· Legacy MIMO schemes

· eNB antenna array 8x1x2 (K=8) which applies LTE Rel-8 2 TX codebook for PMI feedback
· eNB antenna array 8x2x2 (K=8) which applies LTE Rel-12 4 TX codebook for PMI feedback

· eNB antenna array 4x4x2 (K=4) which applies LTE Rel-10 8 TX codebbook for PMI feedback

· 3D MIMO schemes

· eNB antenna array 4x4x2 (K=1) which assumes perfect channel knowledge at the eNB

· eNB antenna array 8x4x2 (K=1) which assumes perfect channel knowledge at the eNB

· eNB antenna array 4x8x2 (K=1) which assumes perfect channel knowledge at the eNB

For both legacy and 3D MIMO schemes, we consider the SU transmission schemes as well as SU/MU switching transmission schemes. For SU transmission, the 3D MIMO schemes use the SVD based precoding scheme. For SU/MU transmission, maximally 4 UEs can be multiplexed in the same RB resources, where each UE has a rank-1 transmission. For MU transmission, block diagoanlization criterion to maximize the sum user throughput is appied for user pairing and precoder calculation. Other evaluation parameters and settings follow the 3D channel model specified in [1]. Key parameter values are summarized in Table A in Appendix.

2.1 Impact of Antenna Array Size

We first investigate the impact of antenna array size on the 3D MIMO performance. The evaluation results are summarized in Table 1 and Table 2 for UE 2-RX antenna and 4-RX antenna cases, respectively. The performance of legacy MIMO with 4x4x2 (K=4) is chosen as the baseline.
Table 1. Cell Average and 5 % UE SE for MIMO schemes (UE 2-RX antenna)
	MIMO Schemes
	Legacy MIMO
	3D MIMO

	
	8x1x2 (K=8)
	8x2x2 (K=8)
	4x4x2 (K=4)
	4x4x2 (K=1)
	4x8x2 (K=1)
	8x4x2 (K=1)

	Spectrum efficiency

[bits/s/Hz]


	SU
	Average
	1.8109

(73.0%)
	2.1731

(87.5%)
	2.4823

(100%)
	3.0310

(122.1%)
	3.6301

(146.2%)
	3.3675

(135.7%)

	
	
	5% UE
	0.0377

(59.1%)
	0.0541

(84.8%)
	0.0638

(100%)
	0.0746

(116.9%)
	0.1097

(171.9%)
	0.0917

(143.7%)

	
	SU/ MU
	Average
	1.8008

(64.0%)
	2.3554

(83.7%)
	2.8156

(100%)
	4.7984

(170.4%)
	6.2184

(220.9%)
	5.7111

(202.8%)

	
	
	5% UE
	0.0293

(44.3%)
	0.0485

(73.4%)
	0.0661

(100%)
	0.1227

(185.6%)
	0.1851

(280.0%)
	0.1615

(244.3%)


Table 2. Cell Average and 5 % UE SE for MIMO schemes (UE 4-RX antenna)
	MIMO Schemes
	Legacy MIMO
	3D MIMO

	
	8x1x2 (K=8)
	8x2x2 (K=8)
	4x4x2 (K=4)
	4x4x2 (K=1)
	4x8x2 (K=1)
	8x4x2 (K=1)

	Spectrum efficiency

[bits/s/Hz]


	SU
	Average
	2.8386
(74.0%)
	3.3439
(87.2%)
	3.8337
(100%)
	4.6767
(122.0%)
	5.6286
(146.8%)
	5.2221
(136.2%)

	
	
	5% UE
	0.0689
(65.8%)
	0.0909
(86.8%)
	0.1047
(100%)
	0.1205
(115.1%)
	0.1768
(168.9%)
	0.1535
(146.6%)

	
	SU/ MU
	Average
	2.9279
(72.2%)
	3.5891
(88.5%)
	4.0551
(100%)
	5.8437
(144.1%)
	6.7488
(166.4%)
	6.5408
(161.3%)

	
	
	5% UE
	0.0685
(59.1%)
	0.0933
(80.5%)
	0.1159
(100%)
	0.1584
(136.7%)
	0.1830
(157.9%)
	0.1730
(149.3%)


From the evaluation results, the following observations can be made.
Observation 1: Performance gain increases with the total antenna number of SU and SU/MU schemes. 
Observation 2: Performance for 4x8x2 (K=1) is better than that for 8x4x2 (K=1), i.e., more antennas in horizontal domain is effective for improving system performance.
However, in the practical deployment, it is typically difficult to increase the antenna array size in horizontal dimension, considering the constraints in site acquisition and antenna mounting. Also, the performance gain of 8x4x2 over 4x4x2 shold be carefully considered with the trade off between performance gain and the increased cost of doubling the antenna number (or TXRUs) and the installation of larger eNB antenna.
Observation 3: Even with the same number of antenna elements, by enabling the 3D MIMO, significant gain can be achieved, e.g., 15~20% gain for SU case, 35~45% gain for SU/MU for UE 2-RX antenna case and 70~85% gain for SU/MU for UE 4-RX antenna case.
In the initial evaluation, ideal CSI at transmitter (CSIT) is considered for the SU and SU/MU transmission schemes to identify the upper limit of 3D MIMO. To identify the realistic performance, the following issues shall be considered:

· For TDD exploiting the reciprocity, the antenna calibration error and the UL channel estimation error shall be considered.

· For FDD with CSI feedback, the DL channel estimation error, the quantization error introduced by limited feedback shall be considered.
2.2 Impact of Subarray Structure

In the next, we select a fixed antenna array size of 4x4x2 and investigate the impact of antenna port mapping. The antenna element to antenna port mapping follows a simple rule: K vertically neighboring antenna elements are grouped together to provide an antenna port. Complex weights are applied to each antenna elements within the group. The calculation of the weights follows the definition in Table 7.1-1 of [1], i.e., 
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where m=1, … K. In our investigation, we choose θetilt to be 102 degree. For 3D MIMO, we consider three antenna port mapping schemes, i.e., K = 1, 2 and 4. Ideal CSIT is assumed for these two cases. When K = 4, we also consider the legacy MIMO scheme with PMI based CSI feedback. The evaluation results are summarized in Table 3 and Table 4 for UE 2-RX antenna and 4-RX antenna cases respectively.

Table 3. Cell average and 5 % UE SE comparison for different subarray structure (UE 2-RX antenna)

	MIMO Schemes
	Legacy MIMO
	3D MIMO

	
	4x4x2 (K=4)
	4x4x2 (K=4)
	4x4x2 (K=2)
	4x4x2 (K=1)

	Spectrum efficiency

[bits/s/Hz]

(performance comparison)
	SU
	Average
	2.4823

(100%)
	2.7824

(112.1%)
	2.9748

(119.8%)
	3.0310

(122.1%)

	
	
	5% UE
	0.0638

(100%)
	0.0582

(91.2%)
	0.0716

(112.2%)
	0.0746

(116.9%)

	
	SU/ MU
	Average
	2.8156

(100%)
	3.9959

(141.9%)
	4.5459

(161.5%)
	4.7984

(170.4%)

	
	
	5% UE
	0.0661

(100%)
	0.0853

(129.0%)
	0.1149

(173.8%)
	0.1227

(185.6%)


Table 4. Cell average and 5 % UE SE comparison for different subarray structure (UE 4-RX antenna)

	MIMO Schemes
	Legacy MIMO
	3D MIMO

	
	4x4x2 (K=4)
	4x4x2 (K=4)
	4x4x2 (K=2)
	4x4x2 (K=1)

	Spectrum efficiency

[bits/s/Hz]

(performance comparison)
	SU
	Average
	3.8337

(100%)
	4.2162

(110.0%)
	4.5699

(119.2%)
	4.6767
(122.0%)

	
	
	5% UE
	0.1047

(100%)
	0.0923

(88.2%)
	0.1141

(109.0%)
	0.1205
(115.1%)

	
	SU/ MU
	Average
	4.0551

(100%)
	5.2725

(130.0%)
	5.757

(142.0%)
	5.8437
(144.1%)

	
	
	5% UE
	0.1159

(100%)
	0.1337

(115.4%)
	0.153

(132.0%)
	0.1584
(136.7%)


From the evaluation results, the following observations can be made.

Observation 4: With the 4x4x2 antenna array, antenna element to port mapping with K = 2 does not lead to significant performance loss compared to K = 1 case whereas port mapping with K = 4 does lead to significant performance loss.
Based on the above evaluation and observations, we would like to make the following proposals:

Proposal 1: Discussion on the antenna array size and subarray structure shall take into account the realistic deployment requirement and constraint as it is observed that large performance gain can be achieved even with relatively small antenna array size. 
Proposal 2: Realistic performance gain of 3D MIMO shall be further studied, taking into consideration of the following realistic issues:

· Channel estimation error

· Antenna calibration error

· Quantization error introduced by limited CSI feedback.

Proposal 3: Both K =1 (32 ports) and K = 2 (16 ports) can be considered for the antenna array structure of 4x4x2.
3. Summary

In this contribution, we present the initial evaluation results of the 3D MIMO schemes and compare them with the legacy MIMO scheme performance. Based on the evaluation results, we have the following observations:
Observation 1: Performance gain increases with the total antenna number of SU and SU/MU schemes. 
Observation 2: Performance for 4x8x2 (K=1) is better than that for 8x4x2 (K=1), i.e., more antennas in horizontal domain is effective for improving system performance.
Observation 3: Even with the same number of antenna elements, by enabling the 3D MIMO, significant gain can be achieved, e.g., 15~20% gain for SU case, 35~45% gain for SU/MU for UE 2-RX antenna case and 70~85% gain for SU/MU for UE 4-RX antenna case.
Observation 4: With the 4x4x2 antenna array, antenna element to port mapping with K = 2 does not lead to significant performance loss compared to K = 1 case whereas port mapping with K = 4 does lead to significant performance loss.
Proposal 1: Discussion on the antenna array size and subarray structure shall take into account the realistic deployment requirement and constraint as it is observed that large performance gain can be achieved even with relatively small antenna array size. 
Proposal 2: Realistic performance gain of 3D MIMO shall be further studied, taking into consideration of the following realistic issues:

· Channel estimation error

· Antenna calibration error

· Quantization error introduced by limited CSI feedback.

Proposal 3: Both K =1 (32 ports) and K = 2 (16 ports) can be considered for the antenna array structure of 4x4x2.
References

[1] 3GPP, “TR 36.873 V2.1.0 Study on 3D channel model for LTE,” Sept. 2014.
[2] 3GPP, RP-141644, Samsung, Nokia Networks, “New SID Proposal: Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE,” Sept. 2014.
Appendix
Table A: Baseline Evaluation Assumptions

	Parameter
	Values

	Deployment Scenario
	3D-UMi

	Network layout
	19 hexagonal cells with wrap around

	System bandwidth
	10MHz (50RBs) 

	UE/BS antenna array structure
	2D planar, cross-polarized (MxNxP)

	BS antenna array configuration
	X-pol (+/-45), 0.5λ H/V, antenna port mapping 1≤K≤M, θetilt = 102 degs. for K>1

	UE antenna array configuration
	X-pol (0/+90), 0.5λ H/V

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Carrier Frequency 
	3.5GHz 

	Duplex
	FDD/TDD

	Network sync
	Synchronized

	Number of UEs per cell
	10

	UE distribution 
	Table 6-1 [1]

	UE speed
	3km/h

	Polarized antenna modelling
	Model-1 [1]

	UE array orientation
	ΩUT,a  uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern =1

	Wrapping method
	Geographical distance based

	Cluster elimination step 6
	Scaling factor not changed after cluster elimination

	Handover margin
	0 dB

	Traffic model
	Full-buffer

	Scheduler
	PF, subband scheduling

	Receiver
	MMSE-IRC receiver

	Interference estimation
	Interference estimation using IMR

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback
	PUSCH 3-2
CQI and PMI reporting triggered per 5 ms
Feedback delay is 5ms

	Overhead
	3 symbols for DL CCHs, 4 CRS ports and DM-RS with 12 REs per PRB

	Transmission scheme
	SU-MIMO with rank adaptation
SU/MU switching (for MU, maximally 4 UE per RB, rank=1 per UE)

	Metrics
	Cell average SE
5% cell-edge SE
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