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1. Introduction

The study item on elevation beamforming and FD-MIMO was approved in the 3GPP RAN#65 meeting [1]. In RAN1#80 meeting, four baseline categories were agreed for performance evaluation as below:

· Following four categories of baseline (a.k.a. implementation based enhancement) schemes are captured in TR 36.897 based on RAN1#80 contributions: 

· Category 1:  Sectorization (in one or both of vertical and horizontal domains) with different cell-ID for each sector

· Category 2:  Virtual sectorization using one or more beamformed CSI-RS resource(s) with a single cell-ID (single sector as a special case)

· Category 3:  Kronecker precoding with 2 CSI processes

· Category 4:  SRS based precoding scheme in TDD
· Continue discussion until RAN1 #80bis meeting to develop the more detailed text for the TR, and detailed text will be provided by rapporteur in his TP
· Companies are encouraged to provide/update the corresponding results under the categorized implementation based enhancement schemes until RAN1#80bis.

In our contribution [2], the performance of category 2 using beamformed CSI-RS with sub-array TXRU mapping is provided for different number of TXRUs. Robustness of beam selection for vertical beams is a key factor to achieve the gain of CSI-RS beamforming. In this contribution, we discuss the mechanisms for vertical beam selection and provide the performance of FD-MIMO with non-ideal assumption for beam selection in different scenarios.
2. Discussion
2.1. Overview of CSI-RS beamforming

A diagram of CSI-RS beamforming (e.g. virtual sectorization) is illustrated in Figure 1. System operations of CSI-RS beamforming is summarized below:

· PDSCH transmission can be scheduled in multiple virtual cells. (We restrict our discussion to DMRS-based transmission based on CSI-RS measurement, that is, TM10).

· Each virtual cell is configured with an accompany CSI-RS resource. The CSI-RS resource and PDSCH transmission in each virtual cell is digitally beamformed over multiple TXRUs in one column (Fig. 1), using the same vertical beamforming vector. The effective channel of each virtual sector is measured through the corresponding CSI-RS, which can use legacy CSI-RS resource up to 8 CSI-RS ports. The vertical steering beam is transparent to the UE.

· It must be highlighted that such beamforming vector is flexibly chosen by the eNB, and does not need to be confined to any pre-determined set (e.g. codebook) at all. As such the eNB can fine tune the beamforming vectors as needed (e.g. based on UE distribution).

· NZP CSI-RS resource of a virtual sector can be configured as ZP CSI-RS resource for another virtual sector, to avoid CSI-RS interference on PDSCH.
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Figure 1: CSI-RS transmission
2.2. Beam selection
Beam selection means selecting and configuring one or multiple virtual cells for a UE. The weight vector of selected beam is used for precoding in PDSCH transmission in vertical dimension. Therefore, beam selection is crucial in achieving vertical beamforming gain. It is desirable to select the beam with largest vertical beamforming gain. The vertical beam can be selected by eNB or UE. In different scenarios, different selection methods can be considered to select the optimal beam for each UE.
Channel reciprocity based selection

Channel reciprocity can be exploited to select the beam based on the UL CSI acquired from SRS. Even rough channel reciprocity can be exploited, e.g., in TDD system with non-ideal UL CSI (example can be long SRS period and single port SRS) or FDD system. The UL/DL reciprocity in elevation angle is expected to be robust can be used to select the vertical beam. 
Concretely, eNB can select a DFT vector from a predefined DFT vector set (codebook) based on the UL CSI, then CSI-RS beamformed with the DFT vector could be configured to UE. The overall precoding matrix for DL transmission is obtained by Kronecker product of the DFT vector and the precoder obtained by UE PMI feedback measured on the configured CSI-RS. The DFT vector can be selected by the following formula for example:
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where S is the DFT vector set., R is the estimated DL channel covariance matrix from UL CSI. The set S shall contain the beamforming vector of all the virtual cells in the cell.
UE measurement based selection

The beam selection can also be performed by UE when channel reciprocity is not available, e.g., when antenna array is not calibrated. Firstly, eNB should configure multiple CSI-RS resources weighted by different beams to UEs. UE can measure the RSRP based on the candidate beamformed CSI-RS, and report all or part of the RSRP, e.g. the best RSRP and corresponding CSI-RS index. eNB can use the reported information to update CSI-RS configuration for UE. With this method, some standardization effort may be needed for UE feedback enhancement.
3. Evaluation for beam selection

3.1. Simulation setup
In this section, performance of FD-MIMO based on beamformed CSI-RS is evaluated with different beam selection methods. Four scenarios are considered in this evaluation: 3D UMi with 2GHz frequency(3D-UMi), 3D UMa with 2GHz frequency and ISD 500m(3D-UMa), 3D UMa with 2G frequency and ISD 200m(3D-UMa-200m), 3D UMi with 3.5GHz frequency (3D-UMi-3.5GHz).  The antenna configuration is (M, N, P, Q) = (8, 4, 2, 64) with one-to-one mapping between TXRU and antenna elements. It is assumed that 8 virtual cells are configured in a cell, i.e., 8 CSI-RS beams with different beam direction are transmitted in a cell. Beamforming vectors for CSI-RS transmission are designed as DFT vectors. According to UE distribution, CSI-RS beams are designed such that they are spread evenly within [70, 110] degree and [90, 120] degree in 3D-UMi and 3D-UMa scenario respectively. In 3D-UMa-200m scenario, same CSI-RS beams to 3D-UMa scenario are used. In 3D-UMi-3.5GHz scenario, the same CSI-RS beams to 3D-UMi scenario are used. The beams are arranged as evenly as possible in elevation domain. Detailed beam directions are listed in Table I. 

Table I: Down tilt values of CSI-RS beams

	Number of CSI-RS beams
	Down tilt values for 3D-UMi/3D-UMi-3.5GHz (degree)
	Down tilt values for 3D-UMa/3D-UMa-200m (degree)

	N = 8
	75.5, 82.8, 86.4, 90, 93.6, 97.2, 100.8, 108.2
	90, 93.6, 97.2, 100.8, 104.5, 108.2, 112, 115.9


Each UE is configured with one beamformed 8 ports CSI-RS resource for CSI measurement. UE calculates and reports RI\PMI\CQI based on the configured CSI-RS. The CSI-RS resource is chosen from all available CSI-RS by different methods:
· Case 1: Reciprocity based beam selection in TDD. Beam is selected based on channel reciprocity in TDD. Wideband channel covariance matrix is calculated and algorithm in equation (1) is used to select the best beam. Ideal channel reciprocity is assumed. In this case, SRS channel estimation error is modeled based on the modeling in [3] with 8 orthogonal SRS resource groups.
· Case 2: Reciprocity based beam selection in FDD.  In this case, the same algorithm and SRS channel estimation error modeling as that of TDD is used, while the non-ideal channel reciprocity channel model for FDD proposed in [4] is adopted.
· Case 3: RSRP based beam selection. In this case, it is assumed that UE would measure and report the RSRP on each beamformed CSI-RS resource for eNB to select a beam. It is assumed that RSRP is measured from all the CSI-RS ports of a resource. CSI-RS channel estimation error is modeled as described in [5], assuming no inter-cell muting is configured for CSI-RS.
Different frequency distances between UL and DL bands are evaluated for Case 2:

· Case 2-1: frequency distance of 50MHz in FDD.

· Case 2-2: frequency distance of 100MHz in FDD.

· Case 2-3: frequency distance of 200MHz in FDD.

Beam selection based on ideal CSI is also evaluated as baseline. CSI-RS configuration is updated with a periodicity of 200ms to track the variation of channel state in elevation domain. Other detailed simulation assumptions could be found in Table A1.
3.2. Evaluation results
In this section, results of full buffer traffic and FTP traffic with 
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=4 are presented.  Detailed results are shown in Table II– Table III. The following observations could be made from the evaluation results:
· Only slight performance loss compared to ideal CSI based beam selection is observed for Case 1 and 3.
· For Case 2, non-ideal reciprocity in FDD would lead to at most 10% loss for cell edge UEs.
Table II: Performance of FD-MIMO, FTP traffic, 
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=4
	Scenarios
	Case
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa
	Baseline
	7.32 
	0.0%
	22.56 
	0.0%
	25.74 
	0.0%
	43.1%

	
	Case 1
	7.32 
	0.0%
	22.39 
	-0.7%
	25.95 
	0.8%
	42.4%

	
	Case 2-1
	6.49 
	-11.3%
	21.79 
	-3.4%
	24.97 
	-3.0%
	45.1%

	
	Case 2-2
	6.57 
	-10.3%
	21.82 
	-3.3%
	25.04 
	-2.7%
	45.3%

	
	Case 2-3
	6.47 
	-11.6%
	21.65 
	-4.0%
	25.03 
	-2.8%
	45.4%

	
	Case 3
	7.31 
	-0.1%
	22.71 
	0.7%
	25.82 
	0.3%
	42.8%

	3D-UMi
	Baseline
	10.17 
	0.0%
	27.81 
	0.0%
	31.03 
	0.0%
	35.6%

	
	Case 1
	9.85 
	-3.1%
	27.81 
	0.0%
	30.89 
	-0.5%
	36.1%

	
	Case 2-1
	9.80 
	-3.7%
	27.80 
	0.0%
	30.89 
	-0.5%
	36.0%

	
	Case 2-2
	9.80 
	-3.6%
	27.33 
	-1.7%
	30.33 
	-2.2%
	36.4%

	
	Case 2-3
	9.74 
	-4.2%
	27.57 
	-0.9%
	30.48 
	-1.8%
	36.6%

	
	Case 3
	10.11 
	-0.6%
	28.05 
	0.9%
	31.31 
	0.9%
	34.9%

	3D-UMa-200m
	Baseline
	9.54 
	0.0%
	25.80 
	0.0%
	28.58 
	0.0%
	37.8%

	
	Case 1
	9.10 
	-4.6%
	25.62 
	-0.7%
	27.91 
	-2.3%
	39.8%

	
	Case 2-1
	9.16 
	-3.9%
	25.20 
	-2.3%
	27.97 
	-2.1%
	39.8%

	
	Case 2-2
	9.03 
	-5.3%
	25.00 
	-3.1%
	27.94 
	-2.2%
	39.8%

	
	Case 2-3
	9.03 
	-5.3%
	24.66 
	-4.4%
	27.63 
	-3.3%
	39.8%

	
	Case 3
	9.35 
	-2.0%
	25.80 
	0.0%
	28.72 
	0.5%
	38.0%

	3D-UMi-3.5G
	Baseline
	9.92 
	0.0%
	27.80 
	0.0%
	30.86 
	0.0%
	35.8%

	
	Case 1
	9.97 
	0.4%
	28.05 
	0.9%
	31.48 
	2.0%
	35.1%

	
	Case 2-1
	9.80 
	-1.2%
	27.57 
	-0.9%
	30.79 
	-0.2%
	36.1%

	
	Case 2-2
	9.74 
	-1.8%
	27.33 
	-1.7%
	30.31 
	-1.8%
	36.8%

	
	Case 2-3
	9.71 
	-2.2%
	27.24 
	-2.0%
	30.55 
	-1.0%
	37.0%

	
	Case 3
	9.95 
	0.2%
	27.81 
	0.0%
	30.86 
	0.0%
	36.0%


Table III: Performance of FD MIMO, full buffer traffic 

	Scenarios
	Case
	Cell edge user SE (bps/Hz/user)
	 Gain on cell edge user SE
	Cell average SE (bps/Hz)
	Gain on cell average SE

	3D-UMa
	Baseline
	0.0645 
	0.0%
	4.04 
	0.0%

	
	Case 1
	0.0630 
	-2.4%
	4.03 
	-0.3%

	
	Case 2-1
	0.0623 
	-3.5%
	4.04 
	-0.1%

	
	Case 2-2
	0.0614 
	-4.8%
	4.03 
	-0.3%

	
	Case 2-3
	0.0603 
	-6.6%
	4.03 
	-0.2%

	
	Case 3
	0.0641 
	-0.6%
	4.04 
	0.0%

	3D-UMi
	Baseline
	0.0882 
	0.0%
	5.16 
	0.0%

	
	Case 1
	0.0844 
	-4.3%
	5.14 
	-0.4%

	
	Case 2-1
	0.0843 
	-4.4%
	4.85 
	-6.0%

	
	Case 2-2
	0.0840 
	-4.7%
	4.84 
	-6.2%

	
	Case 2-3
	0.0842 
	-4.5%
	4.84 
	-6.2%

	
	Case 3
	0.0863 
	-2.1%
	5.16 
	0.0%

	3D-UMa-200m
	Baseline
	0.0898 
	0.0%
	4.88 
	0.0%

	
	Case 1
	0.0892 
	-0.7%
	4.86 
	-0.3%

	
	Case 2-1
	0.0810 
	-9.8%
	4.58 
	-6.2%

	
	Case 2-2
	0.0813 
	-9.5%
	4.57 
	-6.4%

	
	Case 2-3
	0.0799 
	-11.0%
	4.57 
	-6.4%

	
	Case 3
	0.0899 
	0.1%
	4.87 
	-0.2%

	3D-UMi-3.5G
	Baseline
	0.0896 
	0.0%
	5.09 
	0.0%

	
	Case 1
	0.0847 
	-5.4%
	5.06 
	-0.7%

	
	Case 2-1
	0.0843 
	-5.9%
	4.83 
	-5.1%

	
	Case 2-2
	0.0827 
	-7.7%
	4.83 
	-5.2%

	
	Case 2-3
	0.0826 
	-7.7%
	4.83 
	-5.1%

	
	Case 3
	0.0882 
	-1.6%
	5.09 
	0.0%


4. Conclusions
In this contribution, the performance of CSI-RS beamforming with different beam selection methods is evaluated. Non-ideal channel reciprocity and channel estimation error is modeled for beam selection. It can be observed from the evaluation results that reciprocity based beam selection in TDD or RSRP based beam selection could achieve similar performance as ideal CSI based selection. In FDD, reciprocity can also be exploited for beam selection, and some optimization is desirable in this case for better performance, e.g., frequency transformation. The following observations could be made from the evaluation results:
· Only slight performance loss compared to ideal CSI based beam selection is observed with reciprocity based selection in TDD and RSRP based selection.
· Non-ideal reciprocity in FDD would lead to at most 10% loss for cell edge UEs.
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6. Appendix

Table A1: Evaluation assumptions
	Parameter
	Value

	Antenna configuration
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ space

Vertical: 8 elements, 0.8
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space

	Scenario
	3D-UMa with 500m ISD, 3D-UMi with 200m ISD, and 3D-UMa with 200mISD, 3D-UMi with 3.5G frequency

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz, 3.5GHz
50/100/200 MHz frequency separation between UL band and DL band for FDD

	UEs per cell
	10 for full buffer

	UE  distribution
	Follows 36.873 3D-UMa, 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	Full buffer, FTP model 1

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	PMI/CQI feedback granularity
	Subband (6 PRBs per subband) 

	PMI/CQI feedback periodicity
	10ms

	RI feedback periodicity
	120ms

	CSI-RS RRC configuration periodicity
	200ms

	Transmission scheme
	SU/MU dynamic switching 

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB, 8 CSI-RS resources with 10ms period

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB

	SRS resources
	8 orthogonal resource groups with 4 OFDM symbols and 2 Combs
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