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1	Introduction
In this contribution, beamformed CSI-RS schemes for a UE-specific elevation beamforming are evaluated. As an implementation based solution, beamformed CSI-RS with 3 CSI processes in which up to 3 NZP-CSI-RS is configured and each NZP-CSI-RS is associated with an elevation beam angle. Also, in order to see the potential enhancement from a larger number of NZP-CSI-RS configuration which may requires specification impact, beamformed CSI-RS with more than 3 CSI processes is also evaluated.
2	Evaluation Results of UE-specific EBF
The performance of the UE-specific elevation beamforming with beamformed CSI-RS is evaluated according to the number of elevation beam used, where each elevation beam is associated with a NZP-CSI-RS. Therefore, to support L elevation beams, L NZP-CSI-RS configurations need to be used. Note that up to 3 NZP-CSI-RS could be configured in Rel-12 specification, thus the beamformed CSI-RS scheme with 3 NZP-CSI-RS (L=3) could be considered as an implementation based enhancement. However, if more than 3 NZP-CSI-RS (L>3) is used, it should be considered as specification based enhancement.
The UE-specific elevation beamforming with multiple beamformed CSI-RS (L=3, 4, 5, 6) is evaluated with 64 TXRU in (8,4,2,64). The elevation beam is determined in a semi-static manner based on RSRP measurements from the NZP-CSI-RS configurations. The other details of the simulation assumptions are listed in the table A in Annex.
Table 1: Non-full buffer results (Mbps) – 3D-UMa, 500m, 2 GHz 
	Traffic type
	High load
	Medium load
	Low load

	Offered Load (Mbits/cell)  and λ  
	14
(  λ = 3.5)
	10
(λ = 2.5)
	4
(λ = 1.0)

	 
	RU
	Mean
	50%
	5%
	RU
	Mean
	50%
	5%
	RU
	Mean
	50%
	5%

	3 Beam-formed CSI- RS with [99 102 105]
	75.2%
	12.46
	9.45
	2.39
	44.4%
	19.42
	17.55
	4.93
	15.8%
	29.75
	26.31
	9.24

	4 Beam-formed CSI- RS with [96 99 102 105]
	62.6%
	16.83
	14.65
	4.31
	38.7%
	22.94
	20.77
	6.86
	19.3%
	31.27
	29.04
	5.5

	5 Beam-formed CSI- RS with [96 99 102 105 108]
	60.3%
	18.12
	15.69
	4.46
	42.3%
	24.81
	22.83
	7.66
	20.3%
	30.11
	28.64
	3.54

	6 Beam-formed CSI- RS with [93 96 99 102 105 108]
	55.1%
	20.15
	17.93
	4.83
	33.9%
	26.59
	24.05
	6.93
	22.4%
	31.52
	30.62
	2.45



The table 1 shows the performance of UE-specific elevation beamforming with multiple beamformed CSI-RS configurations according the number of beamformed CSI-RS in 3D-UMa. As seen in the table, the throughput performance gets better as the number of beamformed CSI-RS becomes larger. For example, in a high load case, the UE-specific EBF with more than 3 beamformed CSI-RS (i.e. L=4, 5, 6) achieves a mean throughput gain of 35%, 45%, 61% over the UE-specific EBF with 3 beamformed CSI-RS (i.e. L=3), respectively. For the medium load case, the UE-specific EBF with more than 3 beamformed CSI-RS (i.e. L=4, 5, 6) achieves the mean throughput gain of 18%, 28%, 37% over the UE-specific EBF with 3 beamformed CSI-RS (i.e. L=3), respectively. In the low load case, the throughput gain from the larger number of beamformed CSI-RS configurations seems to be marginal due to the loss of MU-MIMO gain. 

Table 2: Non-full buffer results (Mbps) – 3D-UMi, 200m, 2 GHz 
	Traffic type
	High load
	Medium load
	Low load

	Offered Load (Mbits/cell)  and λ  
	14
(  λ = 3.5)  
	10
(λ = 2.5)
	4
(λ = 1.0) 

	 
	RU
	Mean
	50%
	5%
	RU
	Mean
	50%
	5%
	RU
	Mean
	50%
	5%

	3 Beam-formed CSI- RS with [99 102 105]
	73.5%
	13.23
	9.59
	1.71
	50%
	20.37
	16.89
	3.31
	15.9%
	35.43
	35.30
	5.88

	4 Beam-formed CSI- RS with [96 99 102 105]
	67.7%
	15.86
	12.83
	2.99
	43.9%
	22.4
	19.28
	3.45
	15.6%
	36.94
	39.59
	8.71

	5 Beam-formed CSI- RS with [96 99 102 105 108]
	64.6%
	16.76
	12.88
	3.01
	42.2%
	23.2
	20.02
	2.94
	17.0%
	37.14
	40.35
	7.54



The table 2 shows the performance of UE-specific elevation beamforming with multiple beamformed CSI-RS configurations according the number of beamformed CSI-RS in 3D-UMi. The tendency of the performance results are similar to that for 3D-UMa case. As seen in the table, the throughput performance gets better as the number of beamformed CSI-RS becomes larger. For example, in a high load case, the UE-specific EBF with more than 3 beamformed CSI-RS (i.e. L=4, 5) achieves a mean throughput gain of 20%, 27% over the UE-specific EBF with 3 beamformed CSI-RS (i.e. L=3), respectively. For the medium load case, the UE-specific EBF with more than 3 beamformed CSI-RS (i.e. L=4, 5) achieves the mean throughput gain of 10%, 14% over the UE-specific EBF with 3 beamformed CSI-RS (i.e. L=3), respectively. In the low load case, the UE-specific EBF with more than 3 beamformed CSI-RS (i.e. L=4, 5) achieves the mean throughput gain of 4%, 5% over the UE-specific EBF with 3 beamformed CSI-RS (i.e. L=3). 
Observation:
· A meaningful performance gain is observed when the number of beamformed CSI-RS is larger than three
· The performance gets more significant as the number of beamformed CSI-RS gets larger and/or the traffic load becomes higher due to MU-MIMO gain
3	Summary
In this contribution, we evaluated the UE-specific elevation beamforming scheme with beamformed CSI-RS according to the number of NZP-CSI-RS used. From the simulation results, the followings were observed:  
· A meaningful performance gain is observed when the number of beamformed CSI-RS is larger than three
· The performance gets more significant as the number of beamformed CSI-RS gets larger and/or the traffic load becomes higher due to MU-MIMO gain
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Annex
The 2D Antenna array used in the simulation is configured as below.    


                                                  
Table A. System Level Simulation Assumptions
	Parameter
	Assumption

	Network layout
	7-site 21-cell wraparound

	Channel model
	3D Urban Macro (3D-UMa)
3D Urban Micro (3D-UMi) 

	eNB antenna configuration
	[bookmark: _GoBack]( for UE specific elevation BF.  
 spacing in H,
  spacing in V,  cross-polarization (X-pol) [4]

	UE antenna configuration
	 cross-polarization, 0o/90o

	UE attachment
	RSRP on CRS port 0  [4] 

	Beamformed CSI-RS 
	Baseline (3 CSI-RS, L=3)
[99 102 105 ] for 3D-UMa/3D-UMi;                                            

Enhanced (4/5/6 CSI-RS, L=4,5,6)
[96 99 102 105 ]            for 3D-UMa/3D-UMi;  
[93 96 99 102 105]        for 3D-UMa/3D-UMi;      
[93 96 99 102 105 108] for 3D-UMa/3D-UMi;         


	UE-specific elevation beam selection 
	based on CSI feedback from multiple CSI process

	Number of UEs per cell
	10

	UE distribution
	uniformly dropped according to [3]

	Traffic model
	non-full buffer FTP model 1, packet size 0.5M bytes 

	Scheduler
	proportional fair (PF)

	Transmission scheme
	SU/MU-MIMO dynamic switching with SU-MIMO feedback, Non-transparent MU-MIMO 

	Codebook
	Rel.10 8Tx codebook 

	Link adaptation
	AMC with OLLA, 10% BLER target 

	Receiver 
	MMSE-IRC, ideal channel estimation, ideal interference  modelling

	Feedback
	PUSCH 3-1, CQI and PMI reporting triggered every 5ms 

	Receiver 
	feedback delay is 5 ms 

	Maximum number of HARQ retransmission
	4
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