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1 Introduction
In RAN#65, a study item on elevation beamforming and full dimension (FD) MIMO was approved [1]. One of the main objectives of the study item is the evaluation of codebook and feedback enhancement mechanisms to support SU/MU-MIMO operation. In [2] CSI enhancement scheme for beamformed CSI-RS which is based on the concept of automated TXRUs virtualization using uplink measurements from the connected UEs is proposed. In this contribution we provide system-level evaluation results of the proposed scheme for different traffic models.
2 Performance evaluation for non-full buffer traffic model 
In this section, we present the system level throughput results of the proposed beamformed CSI-RS scheme compared to the phase one baseline scheme using FTP traffic model 1. For FD-MIMO systems, we use a two dimensional virtualization technique to map 64 (N=4, M=8) antenna elements to 8 TXRUs. Those 8 TXRUs are mapped to 8 CSI-RS ports using one to one mapping to cover the three-dimensional cell. In the simulation, the TXRU virtualization matrix is updated each time one new packet arrives. When the traffic load is high, the update of TXRU virtualization matrix can be made slower. This is becomes possible due to the fact that the channel sub-space for one given cell becomes stable after using enough channel realizations. So, at certain load adding more UEs into the cell does not change the sub-space further. A greedy scheduler tries to maximize the throughput per RBG by testing MIMO hypotheses from SU-MIMO to MU-MIMO. The CSI, calculated based on the measurements from 8 CSI-RS antenna ports, is quantized using 2 bits per amplitude and 3 bits per phase. For the phase 1 results, 8 vertical antenna elements are mapped to one CRS port using DFT based narrow vertical beam. In the case of the FD-MIMO, single antenna element gain pattern is applied for one CRS port in order to maximize its throughput.

Table 1: System Throughput Gain of beamformed CSI-RS vs. Phase 1, UMa with 500m ISD, 2GHz
	Packet arrival rate
	1
	1.5
	2
	2.5
	3
	3.5
	4

	5%, Mbps
	18.10 (145%)
	13.11 (117%)
	11.73 (182%)
	8.64 (127%)
	7.86 (149%)
	7.03 (169%)
	4.90 (173%)

	50%, Mbps
	43.01 (122%)
	33.06 (121%)
	26.32 (126%)
	23.39 (122%)
	20.94 (129%)
	18.26 (143%)
	13.56 (125%)

	Mean, Mbps
	41.79 (115%)
	35.88 (112%)
	31.22 (123%)
	27.36 (120%)
	24.37 (121%)
	21.68 (133%)
	17.45 (131%)

	RU, %
	9.9
	18
	25.7
	36.4
	44
	51.5
	65.5


Table 2: System Throughput Gain of beamformed CSI-RS vs. Phase 1, UMa with 200m ISD, 2GHz
	Packet arrival rate
	1
	1.5
	2
	2.5
	3
	3.5
	4

	5%, Mbps
	23.67 (183%)
	16.33 (140%)
	14.44 (187%)
	12.08 (194%)
	9.41 (140%)
	8.79 (177%)
	7.78 (232%)

	50%, Mbps
	49.38 (126%)
	43.96 (154%)
	38.46 (173%)
	29.85 (166%)
	25.32 (147%)
	21.51 (155%)
	19.23 (183%)

	Mean, Mbps
	46.06 (122%)
	42.25 (132%)
	38.67 (149%)
	33.27 (158%)
	28.52 (136%)
	24.89 (143%)
	23.53 (179%)

	RU, %
	8.3
	14
	20.9
	29.2
	38.9
	45.4
	53.6


Table 3: System Throughput Gain of beamformed CSI-RS vs. Phase 1, UMa with 200m ISD, 3.5GHz
	Packet arrival rate
	1
	1.5
	2
	2.5
	3
	3.5
	4

	5%, Mbps
	20.41 (147%)
	15.63 (126%)
	13.51 (159%)
	12.66 (214%)
	10.42 (193%)
	7.98 (173%)
	8.15 (303%)

	50%, Mbps
	51.28 (135%)
	43.48 (139%)
	36.04 (156%)
	31.25 (165%)
	24.84 (174%)
	19.80 (162%)
	19.14 (176%)

	Mean, Mbps
	47.37 (132%)
	41.67 (127%)
	36.95 (138%)
	33.58 (149%)
	28.81 (162%)
	23.49 (148%)
	22.90 (166%)

	RU, %
	8.6
	14.4
	21.2
	28.2
	36.6
	46.9
	53.8


Table 4: System Throughput Gain of FD-MIMO VS. Phase One, UMi with 200m ISD, 3.5GHz
	Packet arrival rate
	1
	1.5
	2
	2.5
	3
	3.5
	4

	5%, Mbps
	22.73 (217%)
	17.24 (166%)
	14.34 (198%)
	11.40 (194%)
	9.90 (229%)
	8.32 (197%)
	8.55 (334%)

	50%, Mbps
	53.33 (172%)
	47.62 (169%)
	36.04 (182%)
	30.08 (156%)
	25.48 (172%)
	22.73 (176%)
	20.62 (206%)

	Mean, Mbps
	48.97 (145%)
	43.42 (136%)
	37.60 (155%)
	34.36 (156%)
	30.63 (166%)
	26.95 (161%)
	25.49 (198%)

	RU, %
	8
	13.7
	20.9
	28
	37.3
	45.5
	52.8


3 Performance evaluation for full buffer traffic model

In this section, we present the system level throughput results of the proposed beamformed CSI-RS scheme compared to the phase one baseline scheme using FTP traffic model 1. 3D UMa and UMi scenarios from 3GPP TR 36.873 was used with optional full buffer traffic model. In the analysis of the results, the baseline system is defined as the conventional MIMO system with the (10,2,2) antenna configuration which is virtualized using DFT precoding with 1020 degree downtilt which is common for all cells. In the ideal subspace system, all 40 antenna elements are virtualized into 8 antenna ports using the TXRU virtualization scheme described above and the principal eigenbeam of Pd is un-quantized. The rest of the scenarios correspond to the quantized eigenbeams with different number of bits per phase and amplitude. It can be seen from Table 1 that element-wise based eigenbeam quantization can achieve near optimum system performance with noticeable performance improvement over the conventional baseline system.

Table 5: Performance evaluate of the automated TXRU virtualization with different feedback schemes

	Evaluated FD-MIMO scenario
	UMa scenario 2GHz, 

(ISD = 500m)
	UMi scenario 2GHz, 

(ISD = 200m)

	
	Cell Avg., Mbps
	Cell Edge, Mbps
	Cell Avg, Mbps
	Cell Edge, Mbps

	Baseline, 1020 tilting, LTE codebook based feedback
	2.43 (100%)
	0.060 (100%)
	2.38 (100%)
	0.050 (100%)

	Ideal subspace (8 ports)
	2.74 (113%)
	0.070 (122%)
	3.67 (154%)
	0.085 (155%)

	3 bits amp, 3 bits phase
	2.59 (106%)
	0.068 (113%)
	3.41 (143%)
	0.082 (150%)

	2 bits amp, 4 bits phase
	2.60 (107%)
	0.067 (111%)
	3.41 (143%)
	0.082 (149%)

	3 bits amp, 2 bits phase
	2.40 (99%)
	0.066 (109%)
	3.02 (127%)
	0.078 (142%)

	2 bits amp, 3 bits phase
	2.56 (105%)
	0.071 (118%)
	3.28 (138%)
	0.074 (136%)


4 Summary

From the results presented from Table 1 to Table 5, significant user throughput gain can be observed in all the tested traffic scenarios and loads. Depending on the scenario and tested FTP load, the cell edge user throughput gain varies from the lowest possible gain 16% (UMa with 500m ISD at 2GHz and FTP load 1.5) to the highest possible gain 202.9% (UMa with 200m ISD at 3.5GHz and FTP load 4). Similarly the 50%-ile user throughput gain varies from 21% to 93% and the mean user throughput gain varies from 15% to 88% respectively. Based on the evaluation results the following observation and proposal can be made:

Observation: 
· Significant user throughput gain can be obtained using proposed beamformed CSI-RS enhancement scheme.
Proposal: 
· Capture the performance result of the proposed in FD-MIMO TR.
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