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1. Introduction

At the RAN1 #78bis meeting, there was a discussion on the application scenarios on elevation BF and FD-MIMO and it was concluded that the homogeneous and the heterogeneous network scenarios have the same priority [1]. In addition, the major evaluation parameters for heterogeneous network scenario with separate frequency bands have been agreed in general. Evaluation details have been provided in [2] and [3] as a starting point, followed by e-mail discussion in [4] to fix the further details.
In this contribution, we provide initial performance of elevation BF and FD-MIMO in the heterogeneous network scenario with separate frequency bands, using the major evaluation assumptions in [2] and [3].
2. Evaluation Assumptions and Results
Major evaluation assumptions are summarized in Table A. eNB dropping follows the proposals in [3] with the following updates to simplify the evaluation. All UEs are dropped around the cluster center with a dropping radius of 70 m. And all UEs are associated with the small cell layer. According to the agreements at the RAN1 #78bis meeting, the small cell antenna array has a configuration of MxNxP = 4x4x2, i.e., 2D cross polarized antenna array with M = 4 rows and N = 4 columns. 
For the baseline, we assume 8 TXRUs with MTXRU = 1, i.e., K = M / MTXRU = 4 co-polarized antenna elements in the same column are mapped to the same TXRU. The mapping follows the definition in [3], i.e., with: 
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 as agreed at RAN1 #78bis meeting; 
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 represents the down-tilting angle. Rel. 12 downlink MIMO transmission scheme is applied to achieve the baseline performance. The MIMO precoding is based on the Rel. 10 8-Tx codebook. In addition, we evaluate the case of 8-TXRUs with ideal CSI at a transmitter (CSIT) to provide another reference performance with 8-TXRUs. For the FD-MIMO scheme, one-to-one mapping is assumed between antenna elements and TXRUs, resulting in 32-TXRUs with MTXRU = 4 and K = M/MTXRU = 1. The FD-MIMO performance is achieved based on ideal CSIT.
The evaluation is performed with FTP traffic model. User packet throughput (UPT) and resource utilization (RU) are used as the performance metrics. Two basic separate frequency heterogeneous network scenarios are considered, i.e., 4 cells/cluster case and 10 cells/cluster case. For the 4 cells/cluster case, we fix a user arriving rate to be 15 packet/cluster/s. In the 10 cell/cluster case, we proportionally increase the traffic load w.r.t. the increased cell number per cluster. Therefore we have 37.5 packet/cluster/s for the 10 cells/cluster case. The UPT performance comparison for the above cases is summarized in Figure 1. In addition, RU ratios are shown in Table 1 and 2 in the case for 4 and 10 small cells per cluster, respectively. 
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Figure 1: UPT performance comparison.
Table 1: Resource ulitization comparison for 4 cell/cluster case.

	
	8-TXRU
Rel. 12 codebook based CSIT
	8-TXRU
ideal CSIT
	32-TXRU
ideal CSIT

	Resource Utilization Ratio
	40.50%
	32.20%
	29.60%


Table 2: Resource ulitization comparison for 10 cell/cluster case.

	
	8-TXRU
Rel. 12 codebook based CSIT
	8-TXRU
ideal CSIT
	32-TXRU
ideal CSIT

	Resource Utilization Ratio
	56.33%
	42.70%
	31.90%


From the UPT performance comparison, we can make the following observations.
Observation 1: In the evaluated separate frequency heterogeneous network scenario, FD-MIMO with 32 TXRUs using ideal CSIT can achieve large performance gain over Rel. 12 downlink MIMO with 8-TXRUs.

· 4 cells/cluster : Approx. 50 % and 140 % gain is observed for the mean and 5 % UPT, respectively.

· 10 cells/cluster: Approx. 90 % and 230 % gain is observed for the mean and 5 % UPT, respectively.

Observation 2: Larger performance gain in the dense small cell case, i.e., case for 10 cells/cluster.

Observation 3: Even without any inter-cell coordination, the 32-TXRU FD-MIMO greatly improves the cell edge performance, compare to the 8-TXRU cases.  
Based on the RU results, we can also see the performance gain achieved by FD-MIMO over the Rel. 12 downlink MIMO and other 8-TXRU based transmission schemes. 

Observation 4: The 32-TXRU FD-MIMO with ideal CSIT can greatly reduce the resource utilization, compared to the 8-TXRU cases, especially in the dense small cell deployment scenario. Therefore it can potentially improve the traffic offloading from the macro cell layer.
Note that above observations are derived for FD-MIMO with ideal CSIT. We will revisit these evaluation results for the future meetings with more realistic assumptions.

3. Summary

In this contribution, we provide the FD-MIMO performance with ideal CSIT for the heterogeneous network scenario with separate frequency bands. Based on these results, we made the following observations:
Observation 1: In the evaluated separate frequency heterogeneous network scenario, FD-MIMO with 32 TXRUs using ideal CSIT can achieve large performance gain over Rel. 12 downlink MIMO with 8-TXRUs.

· 4 cells/cluster : Approx. 50 % and 140 % gain is observed for the mean and 5 % UPT, respectively.

· 10 cells/cluster: Approx. 90 % and 230 % gain is observed for the mean and 5 % UPT, respectively.

Observation 2: Larger performance gain in the dense small cell case, i.e., case for 10 cells/cluster.

Observation 3: Even without any inter-cell coordination, the 32-TXRU FD-MIMO greatly improves the cell edge performance, compare to the 8-TXRU cases.  
Observation 4: The 32-TXRU FD-MIMO with ideal CSIT can greatly reduce the resource utilization, compared to the 8-TXRU cases, especially in the dense small cell deployment scenario. Therefore it can potentially improve the traffic offloading from the macro cell layer.
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Appendix
Table A: Evaluation Assumptions for Heterogeneous Network Scenario With Separate Frequency Bands
	Parameter
	Values

	
	Macro cell
(only for cell association)
	Small cell
(for performance evaluation)

	Carrier frequency 
	2 GHz 
	3.5 GHz 

	System bandwidth
	10 MHz (50 RBs) 
	10 MHz (50 RBs) 

	Macro ISD
	500 m

	eNB antenna configurations
	(M, N, P) = (8, 4, 2), MTXRU = 1, (dH, dV) = (0.5 l, 0.8 l), θetilt = 100 degs.
	(M, N, P) = (4, 4, 2), MTXRU = 1, (dH, dV) = (0.5 l, 0.5 l), θetilt = 102 degs.

	UE antenna configurations
	2 X-pol (0 / 90 deg.)

	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 A’(θ’,ф’) = 1

	Polarized Antenna modeling
	Model-2 from TR36.873

	Total BS Tx power
	46 dBm
	30 dBm

	Channel Model
	3D-UMa
	3D-UMi

	Handover margin
	3dB

	Number of clusters per macro cell
	1

	Number of small cells per cluster
	4, 10

	UE distribution
	All UEs randomly and uniformly dropped within the clusters. UE height distribution follows TR 36.873

	Indoor UE ratio
	80 %

	UE speed
	3 km/h

	Radius of small cell center dropping in a eNB cluster (RC)
	50 m

	Radius of UE dropping in a UE cluster
	70 m

	Minimum distance (2D distance)
	Macro – small cell cluster center: 105 m

	
	Small cell area center – small cell area center: 20 m

	
	Small cell cluster center – small cell cluster center: 100 m

	
	Macro – UE: 35 m

	
	Small cell – UE: 10 m

	MIMO scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation

	UE receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel. 12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel. 12 [71-12] assumptions

	Feedback scheme
	PUSCH FB mode 3-2 for codebook based CSIT
PUSCH FB mode 3-0 for ideal CSIT

	CSI-RS transmission interval /

CSI feedback interval
	5 ms

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes

	Scheduler
	Proportional fairness based frequency selective scheduling 

	Control delay
	6 ms

	HARQ, Round trip delay
	Chase combining, 8 ms

	Metrics
	Mean, 5%, 50% UPT
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