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1. Introduction
In RAN#65, the study item of elevation beamforming and FD-MIMO for LTE was approved [1]. The purpose of this study item is to understand the performance benefit of standard enhancements targeting two-dimensional (2D) antenna array operation.  The study item consists of two phases. The objectives of Phase 1 study are identified in [1] as follows.

· Identify antenna configurations for 2D antenna arrays with {8, 16, 32, 64} TXRUs and evaluation scenarios, including homogeneous and heterogeneous scenarios, for feasibility study, taking into account the outcome of 3D channel model SI.

· Decide antenna element spacing, number of antenna elements per TXRU, polarization, etc.

· Decide how to model virtualization of antenna elements per single TXRU. 

· Identify target operating frequency range considering practical antenna size limitations.

· Evaluate the performance of Rel-12 downlink MIMO (including both SU- and MU-MIMO) using 3D-UMa and 3D-UMi channel models.

· Number of TXRUs for evaluation is 8, where each TXRU is connected to an antenna port and the antenna ports constitute a horizontal array

In order to evaluate the performance enhancement with 3D MIMO, typical usage scenario and evaluation methodology should be identified. In this contribution, we first discuss our views on the deployment scenarios for typical usage of elevation beamforming/FD-MIMO in section 2, followed by simulation assumptions of these scenarios in Section 3. The antenna configuration for 2D array will be discussed in the companion contribution [4].     
2. Deployment Scenarios 
2.1. Homogeneous network

Similar to MIMO and CoMP scenarios, homogeneous network is one important scenario for evaluating the benefits of elevation beamforming/FD MIMO. The Urban Macro cell with high UE density scenario defined in [2] can be utilized as the baseline for 3D-MIMO performance evaluation. The network parameters can be reused. More specifically, there are total 19 urban macro cells with 500m ISD, and each cell has 3 sectors. The base station is above surrounding buildings, e.g. 25m antenna height with the capability to dynamically steer the beam in both the elevation and azimuth domains. 
The second scenario is Urban Micro cell with high UE density, which is also defined in [2]. Similar to the first scenario, 2D antenna array is used at the base station, but the difference is that the antenna height is lower, e.g. 10m, which may result in a large dynamic range of UE specific elevation angle. For the Urban Micro cell scenario, the ISD is 200m.

2.2. Heterogeneous network

Heterogeneous network is another scenario that can be considered as an evaluation scenario in elevation beamforming/FD-MIMO study. Note that the channel models developed for 3D-UMa and 3D-UMi could support heterogeneous deployment scenarios. Therefore, the mixed Urban Macro cell and Micro cell, e.g. using 3D-UMa for macro and 3D-UMi for low power node (LPN), can be used to model heterogeneous networks. The network configuration of macro cell and LPN can be based on CoMP heterogeneous deployment scenario 3/4 defined in [3], e.g. 4 LPNs dropped randomly within per macro cell coverage subject to minimum separation to macro BS and between two LPNs as shown in Figure 1.
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Figure 1. The minimum distance for heterogeneous deployment scenario

Each Urban Macro sector antenna is (Azimuth+Elevation)-adaptable, with 25m height, above surrounding building. For the low power Urban Micro the antenna is at 10m height and antenna models are FFS. It shall be decided whether 2D antenna array can be mounted on the LPN considering the cost-and-performance tradeoff. 
Considering that UE specific elevatio beamforming and FD-MIMO studies should focus on potential MIMO enhancements, the homogeneous network deployement scenario is slightly preferred against the heterogeneous networks scenarios. Therefore, heterogeneous networks could be considered as an optional evaluation scenario for elevation beamforming and FD-MIMO studies.
3. Evaluation Methodology

3.1. UE distribution 

In order to evaluate the performance enhancement of UE-specific elevation beamforming and FD-MIMO, the location of UEs in vertical domain should be modeled. It is noted that the approved 3D-UMa and 3D-UMi channel models in [2] have the same modeling of indoor UEs in elevation. We suggest to reuse the same model for all the evaluation scenarios. Specially, the multi-floor UE dropping in building is modeled for indoor UEs. The number of stories of buildings is given by Nfl ~ uniform(4, 8), in which UEs are uniformly distributed on each floor. For outdoor UEs, the floor number is fixed to one. The indoor UE fraction can be set to fixed, e.g. 80% according to the agreement.

3.2. Carrier frequency 
In most 3GPP studies, a 2 GHz carrier frequency is used. Therefore, it is proposed here to also use 2 GHz carrier frequency for the urban macro and micro cell in a homogenous network deployment. For heterogenous network, it shall be decided whether the macro cell and a low power node are operated on the same frequency or different. If the same frequency is used, then 2 GHz carrier frequency is used. Otherwise, a higher frequency 3.5 GHz can be used for a low power node. We are open to both options.

3.3. Channel modeling 
The agreed 3D-UMa and 3D-UMi channel models in [2] including pathloss model, shadowing and fast fading shall be used for the performance evaluation of UE specific elevation beamforming and FD-MIMO. Detailed channel modeling parameters can be found in [2].
3.4. Traffic models 

Both full buffer and non-fuller-buffer traffic shall be considered in the evaluation of elevation beamforming and FD-MIMO. The full buffer simulation, with 10 UEs per cell was performed in the 3D-channel modeling Study Item and is still benefial for baseline performance benchmarking. FTP traffic models together with the associated simulation methodology can be according to Clause A.2.1.3 of TR 36.814 in [4]. Considering the pratical network operating point, the realistic non-full-buffer simulation can be weighted more than the full buffer simulation. 
3.5. Overhead consideration
The DL overhead should be clarified for each transmission scheme.  For baseline evaluation, we suggest to assume the DL overhead based on TM10 with a single CSI process, i.e.
· CRS: 2 ports 

· DMRS: 2 ports, 12 RE/RB
· CSI-RS: 8 ports, 1 RE/RB/port, periodicity of 5ms

· CSI-IM: 4 REs/RB

· PBCH/PSS/SSS

· DL CCH of 3 OFDM symbols

For potential enhancements, DL overhead for additional CSI-RS and/or DMRS shall be counted if used. Following the same philosophy as in Rel-12, we can assume 1 RE/RB/port CSI-RS overhead. 
3.6. Baseline reference system
A reference system against which standards enhancements for elevation beamforming and FD-MIMO will be benchmarked is needed. At least the following options are possible:

· Rel-12 SU/MU-MIIMO with a horizontal array of 8 antenna ports & eICIC for HetNet

· Rel-12 SU/MU-MIMO with a horizontal array of 8 antenna ports and standard-transparent enhancements, e.g. vertical sectorization & eICIC for HetNet
· Rel-12 SU/MU-MIMO with 2D antenna port array and standard-transparent enhancements, e.g. using UL-DL channel reciprocity to acquire CSI, & eICIC for HetNet
Standards enhancement techniques shall be evaluated against the above reference to investigate the need for explicit CSI feedback of 2D antenna port array. We have a slight perference to either option 1 or option 2 since the channel reciprocity is only valid for TDD system.
4. Summary
In this contribution we proposed the general consideration on deployment scenarios and evaluation methodology for UE specific elevation beamforming and FD-MIMO. For the deployment scenarios, the following three scenarios were suggested for the elevation beamforming/FD-MIMO study:

· Scenario 1: (mandatory) Homogeneous network with 3D-UMa cells

· Scenario 2: (mandatory) Homogeneous network with 3D-UMi cells

· Scenario 3: (optional) Heterogeneous network with mixed 3D-UMa and 3D-UMi cells, e.g. low power urban micro cell within urban macro-cell coverage
 The proposed simulation assumptions were summarized in the Table below. 
Table 1: Simulation assumptions for the proposed scenarios
	
	Scenario 1
	Scenario 2
	Scenario 3

	Layout
	Hexagonal grid, 19 macro sites,3 sectors per site
	Hexagonal grid, 19 micro sites,3 sectors per site
	Hexagonal grid, 19 macro sites,3 sectors per site, one macro cell with 4 low-power micro cells

	BS antenna height
	25m
	10m
	UMa: 25m; UMi: 10m

	Total BS TX power
	41/44 dBm for 10/20MHz
	46/49 dBm for 10/20MHz
	UMa: 46/49 dBm for 10/20MHz

UMi: 30/33 dBm for 10/20MHz

	Carrier frequency
	2 GHz
	2 GHz
	UMa: 2 GHz; 
UMi: 2 or 3.5 GHz

	Min. UE-eNB 2D distance
	35m
	10m
	Refer to Figure 1

	ISD
	500m
	200m
	500m for macro cells

	UE distribution (in x-y plane)
	Uniformly distributed in the cell

	UE height in meters
	hUT=3(nfl – 1) + 1.5, nfl = 1 for outdoor UEs and nfl ~ uniform(1,Nfl) for indoor UEs where

Nfl ~ uniform(4,8)

	Indoor UE fraction
	80%

	UE noise figure
	9 dB

	Channel Model
	Following 3D-UMa and 3D-UMi channel models in [2]

	DL overhead assumption
	· CRS: 2 ports 

· DMRS: 2 ports

· CSI-RS: 1 RE/RB/port, periodicity of 5ms

· CSI-IM: 4 REs/RB

· PBCH/PSS/SSS

· DL CCH of 3 OFDM symbols

	Traffic model
	Both full buffer and non-full-buffer according to Clause A2.1.3.1 in TR 36.814. For full buffer traffic model, number of users per cell is 10; and non-full buffer traffic will be dependent on the targeted resource utilization

	Number of antennas at eNB 
	8, 16, 32 and 64. Detailed antenna configuration can be found in [5]

	Number of antennas at UE
	2, 4, with higher priority for 2 antennas

	UE receiver
	Baseline: MMSE receiver. Advanced UE receiver can be considered
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