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1 Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK9][bookmark: OLE_LINK10]In the study item of Rel-13, the baseline performance evaluation is considered to exploit benefit of standard transparent FD-MIMO schemes before investigating standard enhancement. In other words, the baseline schemes should have no specification impact to Rel-12, and provide the best tradeoff among performance, complexity, overhead, etc.
In RAN1#80 meeting, there is an agreement on baseline performance evaluation as follows [1]
Agreement:
· 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
· Detailed text for each category is written by Rapporteurs based on inputs from email discussion [79-08], including:
· Set of numbers of TXRUs
· TXRU virtualisation (if any)
· CSI-RS to TXRU mapping
· Number of CSI-RS processes
· etc

In this contribution, we provide our baseline performance evaluation results for category 2 and category 3 schemes. Meanwhile, we provide our observations based on our evaluation results.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
2.1 Category 2
The beamformed CSI-RS is a good implementation based enhancement because UE can get the full channel information and compute an accurate CQI. As described in Figure 1, multiple CSI-RS resources are transmitted in this scheme, and each CSI-RS is beamformed by one vertical vector, where vertical vectors can be derived from the DFT codebook, and each vertical beam represents one distinct vertical direction. 
In this standard transparent scheme, eNB can configure one or more vertical beams for UE according to the CSI-RS based RSRP report. Rel-12 DRS and corresponding RSRP report are used for vertical beam selection, where each DRS is beamformed by different vertical beams. 
[image: C:\Users\2171490101502\Desktop\图片4.png]
Figure 1 Diagram of beamformed CSI-RS
In this contribution, we provide simulation results both for full buffer and ftp traffic model, and simulation assumptions can be found in the appendix. To simplify simulation, one vertical beam is chosen based on maximum RSRP value for CSI measurement and report.
To ensure the efficient coverage in vertical domain, we choose different numbers of vertical beams from 16 DFT codebook for different scenarios. For UMa scenarios, five vertical beams are selected corresponding to vertical direction with down tilt value 90。, 94.5。, 99。, 103.6。, 108.2。respectively. And For UMi scenarios, because the UE distribution range in vertical domain is larger, seven beams are selected corresponding to vertical direction with down tilt value 90。, 94.5。, 99。, 103.6。, 85.5。, 81。, 76.4。respectively. In addition, the results of only one fixed vertical beam are provided in the appendix.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Table 1 Simulation results of Full-buffer traffic 
	Scenario
	Spectral efficiency

	
	Cell-avg.
	Cell-edge

	UMa with ISD 500m
	3.10
	0.071

	UMa with ISD 200m
	3.45
	0.086

	UMi with 2GHz
	3.71
	0.088

	UMi with 3.5GHz
	3.68
	0.092



Table 2 Simulation results of FTP model 1 
	Scenario
	Traffic load
	RU
	5% UPT(Mbps)
	50% UPT(Mbps)
	Mean UPT(Mbps)

	UMa with ISD 500m
	8
	22.4%
	11.53
	28.99
	31.78

	
	14
	56.0%
	3.87
	14.39
	17.79

	
	16.8 
	76.8%
	1.79
	7.97
	11.22

	
	18
	NA

	UMa with ISD 200m
	8
	19.8%
	12.82
	33.06
	34.51

	
	14
	46.7%
	5.93
	18.43
	21.48

	
	16.8
	60.1%
	3.84
	13.47
	16.62

	
	18
	68.2%
	2.71
	11.11
	14.07

	UMi with 2GHz
	8
	19.1%
	14.08
	37.04
	36.86

	
	14
	39.9%
	7.62
	23.67
	26.74

	
	16.8
	52.2%
	5.39
	17.78
	21.32

	
	18
	58.6%
	4.32
	15.5
	19.24

	UMi with 3.5GHz
	8
	19.2%
	13.84
	38.10
	37.21

	
	14
	39.9%
	7.69
	23.39
	26.46

	
	16.8
	52.2%
	5.44
	17.94
	21.46

	
	18
	58.3%
	4.62
	15.56
	19.51


It is well know that the vertical beamforming gain is derived from flexible tilt control. However, the serious inter-cell interference may be introduced because of adaptively elevation tilt [2]. Therefore, to achieve good system performance, the vertical beam determination to UE should be a best tradeoff between vertical beamforming gain to UE and interference to adjacent cells. 
From simulation results in Table 1 and Table 2, we can find that the performance of UMa is lower, especially for scenario with ISD 500m, since spatial multiplexing of UMa in vertical domain is worse, and the inter cell interference is more serious. 
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Observation 1: The performance of UMa, especially for scenario with ISD 500m is lower than that of UMi.
2.2 Category 3 Kronecker precoding with 2 CSI processes
Compared with the beamformed CSI-RS scheme, Kronecker precoding with 2 CSI processes only need two CSI-RS resources for horizontal channel measurement and vertical channel measurement respectively. To address standard transparent, two independent CSI processes are configured for one UE. 
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]As described in [3], one column CSI-RS ports for vertical CSI measurement are virtualized by a horizontal weighting vector Wh , and one row CSI-RS ports for horizontal CSI measurement are virtualized by a vertical weighting vector Wv. In our simulation, Wv is set as [-0.1012-0.2750i; -0.1544-0.6223i; 0.5392-0.2297i; -0.1090+0.2100i; -0.0359-0.2634i; 0.0181+0.0364i; -0.0733-0.1555i; -0.0149+0.0382i] T and [0.7453 - 0.0000i; 0.6119 + 0.0439i; -0.0 + 0.0i ; 0.0–0.0i; 0.0552-0.0020i; 0.2404+0.0855i ; -0.0+0.0i ; -0.0 + 0.0i]T for UMa and UMi respectively. For Wh, [0 1 0 0 0 0 0 0 ]T is adopted for all scenarios, i.e. only one column antennas in the 2D AAS is used for vertical CSI measurement. To consist with category 2, 7 and 5 vertical beams from 16DFT codebook are also used for UMi and UMa scenarios.
In addition, the 3D-CQI calculation in eNB side is as follows


where CQIh is report value from horizontal CSI process, and Wo is the vertical precoding matrix reported in the vertical CSI process. Because of the smaller elevation angle spread, we assume the vertical rank is 1.
Table 3 Simulation results of Full-buffer traffic 
	Scenario
	Spectral efficiency

	
	Cell-avg.
	Cell-edge

	UMa with ISD 500m
	2.88
	0.065

	UMa with ISD 200m
	3.19
	0.074

	UMi with 2GHz
	3.33
	0.077

	UMi with 3.5 GHz
	3.44
	0.075



Table 4 Simulation results of FTP model 1
	Scenario
	Traffic load
	RU
	5% UPT(Mbps)
	50% UPT(Mbps)
	Mean UPT(Mbps)

	UMa with ISD 500m
	8
	26.2%
	4.34
	22.10
	23.40

	
	14
	61.2%
	2.42
	10.78
	13.74

	
	16.8 
	79.1%
	1.01
	5.79
	8.87

	UMa with ISD 200m
	8
	21.4%
	10.28
	27.03
	28.81

	
	14
	53.5%
	1.9
	13.03
	15.79

	
	16.8 
	67.7%
	1.32
	9.03
	12.03

	UMi with 2GHz
	8
	23.9%
	7.83
	25.32
	27.66

	
	14
	47.4%
	3.73
	16.33
	19.15

	
	16.8
	61.3%
	2.32
	12.16
	15.24

	UMi with 
3.5GHz
	8
	21.7%
	9.35
	28.58
	30.51

	
	14
	45.0%
	5.22
	18.87
	21.78

	
	16.8 
	61.1%
	2.91
	12.86
	16.18



Compared simulation results in Table 3 and Table 4 with those of Table 1 and Table 2, we can see that the performance of category 3 is much worse than that of category 2 as the inaccurate CQI and RI estimation.
Observation 2: For standard transparent schemes, the performance of category 3 is worse than that of category 2.
3 Conclusion
In this contribution, the baseline performance results are provided, and we observe that
Observation 1: The performance of UMa, especially for scenario with ISD 500m is lower than that of UMi.
Observation 2: For standard transparent schemes, the performance of category 3 is worse than that of category 2.
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5 Appendix
Table 5 Simulation assumption
	Duplex
	FDD

	Antenna array configuration(M,N,P)
	(8,4,2)

	Traffic model
	Full-buffer/ FTP model 1

	Wrapping method
	Geographical distance based

	Number of UE receive antennas
	2

	Transmission scheme
	SU/MU-MIMO adaption
Maximum 4 mu-layers

	Cell association
	RSRP on CRS port0
CRS port 0 associated to a single antenna element

	CSI-RS overhead
	Not considered

	Vertical beam selection for scheme of category 2
	Based on the highest CSI-RSRP, i.e. X = 0dB

	Others
	Based on [4][5]



Category 2 with fixed one beam
It was agreed in RAN1#79 meeting that for 1 beam, the fixed downtilt is 100 deg for 3D-UMa with ISD 500m and 3D-UMi, and downtilt 104 deg for 3D-UMa with ISD 200m.
The simulation results with fixed 1 beam are shown in Table 6 and Table 7. We can see that the performance of fixed 1 beam is much worse than that of several beams if cell associations are same. Note that, the single antenna element is used as CRS port 0 for cell association in all simulation cases.
Table 6 Simulation results of Full-buffer traffic with fixed 1 beam
	Scenario
	Spectral efficiency

	
	Cell-avg.
	Cell-edge

	UMa with ISD 500m
	2.77
	0.048

	UMa with ISD 200m
	2.51
	0.033

	UMi with 2GHz
	2.84
	0.038

	UMi with 3.5GHz
	2.81
	0.036



Table 7 Simulation results of FTP model 1 with fixed 1 beam
	Scenario
	Traffic load
	RU
	5% UPT(Mbps)
	50% UPT(Mbps)
	Mean UPT(Mbps)

	UMa with ISD 500m
	8
	24.1%
	9.35
	27.59
	30.30

	
	14
	67.1%
	2.20
	10.18
	13.98

	UMa with ISD 200m
	8
	26.0%
	8.46
	26.49
	28.90

	
	14
	77.2%
	0.63
	6.27
	[bookmark: _GoBack]9.57

	UMi with 2GHz
	8
	24.6%
	8.93
	28.99
	31.45

	
	14
	70.9%
	1.73
	9.32
	13.35

	UMi with 3.5GHz
	8
	24.7%
	9.64
	28.78
	31.12

	
	14
	68.6%
	1.33
	9.88
	13.76
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