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1. Introduction

At the RAN1 #80bis meeting [1], issues on CSI acquisition schemes were discussed in order to enable CSI acquisition for two dimensional and larger antenna configuration for 3D MIMO. For FDD system, candidate schemes are grouped into the following three categories, i.e.,:

· Beamformed CSI-RS-based schemes;

· Non-precoded CSI-RS-based schemes;

· Schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS.

and detailed text proposals are discussed and captured in [2].
In this contribution, we provide system-level evaluation results of beamformed CSI-RS based scheme in the 3D-UMi scenario. The performance is compared to the baseline scheme using category 2 technologies and the gain is verified. 
2. Evaluation Assumptions and Results
We provide system-level simulation results in order to verify the benefit of beamformed CSI-RS based enhanced schemes. Major evaluation assumptions are summarized in Table A. The evaluation is performed in 3D-UMi environment with the eNB antenna configuration (M, N, P, Q) of (8, 2, 2, 8), (8, 2, 2, 16), (8, 4, 2, 16) and (8, 4, 2, 32). For beamformed CSI-RS based scheme, both of the cell-specific and UE-specific beamformed CSI-RSs are evaluated with the details presented in our companion contribution [3]. For cell-specific case, multiple beamformed CSI-RSs are transmitted and UE feeds back beam index (BI) and CSI for the selected beam. For UE-specific case, beam selection and CSI feedback are conducted with phased manner. First, preferred beam is selected by UEs based on multiple beamformed RSs. Then CSI is acquired using UE-specific beamformed CSI-RS, which is beamformed using prior information of the BI. The number of vertical beams, i.e., beamformed CSI-RSs, is chosen by considering the tradeoff between downlink CSI-RS overhead and feedback granularity. For UE-specific beamformed CSI-RS based scheme, downlink CSI-RS overhead is somewhat relaxed, since eNB needs to transmit only selected beamformed CSI-RS. For this reason, the number of overall candidate beamformed CSI-RSs is set to 4 and 8 for cell-specific and UE-specific cases, respectively. Here we note that beamforming gain of CSI-RS is not considered in the simulation. The FTP traffic model with low, medium and high traffic loads are considered, which results in the target RU of 20%, 50% and 70%, respectively. In order to enable a convenient comparison across different schemes, a fixed UE arriving rate is used across different schemes, as agreed at RAN1 #80 meeting. We also show Cat. 2 based baseline performance as reference results, in which two beamformed CSI-RSs are used to realize 3D beamforming. Finally, Tables 1 show evaluation results with the relative gain compared to baseline schemes.
Table 1: Benefit of beamformed CSI-RS based enhanced schemes
(a) (M, N, P, Q) = (8, 2, 2, 8)
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1.6
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(Mbits/s)

Mean

30.1 (100 %) 30.7 (102.0 %) 32.2 (107.0 %)

50 %

27.4 (100 %) 28.5 (104.0 %) 30.0 (109.5 %)

5 %

8.6 (100 %) 9.3 (108.1 %) 9.8 (114.0 %)

Resulting RU

24.3 % 23.9 % 22.5 %

2.8

UPT

(Mbits/s)

Mean

15.3 (100 %) 16.9 (110.5 %) 18.5 (120.9 %)

50 %

11.3 (100 %) 12.7 (112.4 %) 14.1 (124.8 %)

5 %

3.1 (100 %) 3.5 (112.9 %) 4.1 (132.3 %)

Resulting RU

62.2 % 58.1 % 55.8 %

3.0

UPT

(Mbits/s)

Mean

12.1 (100 %) 15.4 (127.3 %) 15.0 (124.0 %)

50 %

8.6 (100 %) 11.7 (136.0 %) 11.0 (127.9 %)

5 %

2.2 (100 %) 3.2 (145.5 %) 3.1 (140.9 %)

Resulting RU

74.4 % 63.3 % 65.2 %


(b) (M, N, P, Q) = (8, 2, 2, 16)
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Beam 

Selection

(Cell V = 4)

Beam

Selection

(UE V = 8)

1.6

UPT

(Mbits/s)

Mean

30.1 (100 %) 31.9 (106.0 %) 33.0 (109.6 %)

50 %

27.4 (100 %) 30.6 (111.7 %) 31.1 (113.5 %)

5 %

8.6 (100 %) 10.4 (120.9 %) 10.5 (122.1 %)

Resulting RU

24.3 % 21.4 % 21.9 %

2.8

UPT

(Mbits/s)

Mean

15.3 (100 %) 19.0 (124.2 %) 21.0 (137.3 %)

50 %

11.3 (100 %) 15.0 (132.7 %) 16.8 (148.7 %)

5 %

3.1 (100 %) 4.7 (151.6 %) 5.2 (167.7 %)

Resulting RU

62.2 % 53.0 % 48.8 %

3.0

UPT

(Mbits/s)

Mean

12.1 (100 %) 16.1 (133.1 %) 18.2 (150.4 %)

50 %

8.6 (100 %) 12.4 (144.2 %) 14.2 (165.1 %)

5 %

2.2 (100 %) 3.7 (168.2 %) 4.2 (190.9 %)

Resulting RU

74.4 % 61.3 % 57.4 %


(c) (M, N, P, Q) = (8, 4, 2, 16)
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(UE/sector/s)

Performance Metrics

Baseline

(Cat. 2)

Beam 

Selection

(Cell V = 4)

Beam

Selection

(UE V = 8)

1.6

UPT

(Mbits/s)

Mean 35.6 (100 %) 34.2 (96.1 %) 35.7 (100.3 %)

50 % 36.2 (100 %) 34.4 (95.0 %) 36.5 (100.8 %)

5 % 12.6 (100 %) 12.2 (96.8 %) 12.1 (96.0 %)

Resulting RU 18.8 % 20.4 % 19.6 %

2.8

UPT

(Mbits/s)

Mean 23.2 (100 %) 23.5 (101.3 %) 24.6 (106.0 %)

50 % 19.3 (100 %) 19.7 (102.1 %) 20.8 (107.8 %)

5 % 6.1 (100 %) 6.4 (104.9 %) 6.8 (111.5 %)

Resulting RU 46.1 % 44.4 % 43.1 %

3.4

UPT

(Mbits/s)

Mean 18.4 (100 %) 18.5 (100.5 %) 20.1 (109.2 %)

50 % 14.5 (100 %) 14.7 (101.4 %) 16.1 (111.0 %)

5 % 4.4 (100 %) 4.6 (104.5 %) 5.1 (115.9 %)

Resulting RU 60.1 % 58.7 % 56.4 %


(d) (M, N, P, Q) = (8, 4, 2, 32)
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Baseline

(Cat. 2)

Beam 

Selection

(Cell V = 4)

Beam

Selection

(UE V = 8)

1.6

UPT

(Mbits/s)

Mean

35.6 (100 %) 32.9 (92.4 %) 37.4 (105.1 %)

50 %

36.2 (100 %) 34.1 (94.2 %) 39.2 (108.3 %)

5 %

12.6 (100 %) 11.9 (94.4 %) 14.2 (112.7 %)

Resulting RU

18.8 % 20.0 % 18.1 %

2.8

UPT

(Mbits/s)

Mean

23.2 (100 %) 23.4 (100.9 %) 27.4 (118.6 %)

50 %

19.3 (100 %) 20.2 (104.7 %) 24.1 (124.9 %)

5 %

6.1 (100 %) 7.0 (114.8 %) 8.1 (132.8 %)

Resulting RU

46.1 % 42.3 % 38.7 %

3.4

UPT

(Mbits/s)

Mean

18.4 (100 %) 18.6 (101.1 %) 21.8 (118.5 %)

50 %

14.5 (100 %) 15.6 (107.6 %) 18.0 (124.1 %)

5 %

4.4 (100 %) 5.0 (113.6 %) 5.7 (129.5 %)

Resulting RU

60.1 % 57.6 % 52.7 %


From the above evaluation results, we can make the following observations and proposal.

Observation 1: Beamformed CSI-RS based standardization enhancement schemes achieve performance gain over the baseline scheme. 
· Performance gain is larger for (8, 2, 2, x) compared to (8, 4, 2, x), since horizontal beamforming gain is dominant for (8, 4, 2, x).
· System throughput increases according to the increase in the number of TXRUs. This is because larger number of TXRUs enables flexibility for beamforming.
Observation 2: UE-specific beamformed CSI-RS based scheme achieves better performance compared to cell-specific CSI-RS based scheme. This is because UE-specific beamformed CSI-RS requires lower overhead.
Proposal: Capture the evaluation results in Tables 1 in the TR.
3. Summary

In this contribution, we provided system-level evaluation results of beamformed CSI-RS based scheme in the 3D-UMi scenario. The performance was compared to the baseline scheme using category 2 technologies and the gain was verified. Based on the evaluation results, we made the following observations and proposal.
Observation 1: Beamformed CSI-RS based standardization enhancement schemes achieve performance gain over the baseline scheme. 
· Performance gain is larger for (8, 2, 2, x) compared to (8, 4, 2, x), since horizontal beamforming gain is dominant for (8, 4, 2, x).
· System throughput increases according to the increase in the number of TXRUs. This is because larger number of TXRUs enables flexibility for beamforming.
Observation 2: UE-specific beamformed CSI-RS based scheme achieves better performance compared to cell-specific CSI-RS based scheme. This is because UE-specific beamformed CSI-RS requires lower overhead.

Proposal: Capture the evaluation results in Tables 1 in the TR.
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Appendix
Table A: Evaluation assumptions
	Parameter
	Values

	Scenario / channel model
	3D-UMi (ISD: 200 m)

	Carrier frequency 
	2 GHz 

	System bandwidth
	10 MHz (50 RBs) 

	eNB antenna configurations
	(M, N, P, Q) = (8, 2, 2, 8), (8, 2, 2, 16), (8, 4, 2, 16) and (8, 4, 2, 32), (dH, dV) = (0.5 , 0.8 ), 

	Total BS Tx power
	41 dBm

	UE antenna configurations
	2 X-pol (0/90 deg.)

	UE speed
	3 km/h

	Indoor UE ratio
	80 %

	MIMO scheme
	SU/MU-MIMO dynamic switching

	UE receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel. 12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel. 12 [71-12] assumptions

	CSI feedback scheme
	Subband PMI and CQI

	CSI-RS transmission interval /
CSI feedback interval
	5 ms for RI, PMI and CQI, 200 ms for beam selection

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes

(low: ~20 % RU, medium: ~50 % RU, high: ~70 % RU)

	Scheduler
	Proportional fairness

	Control delay
	6 ms

	HARQ
	Chase combining with 8 ms RTD
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