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1. Introduction

The objective of FD-MIMO study item is to understand benefit of standard enhancement targeting 2D array operation with 8 or more TXRUs and exploiting 3D MIMO [1]. Before investigating performance benefits with specification change, it is reasonable to look for the standard-transparent FD-MIMO schemes as baseline case and to further discuss performance gain over the conventional case. Through [79-08] email discussion, views of baseline case for EBF/FD-MIMO have been shared including TXRU virtualization weights, CSI-RS to TXRU virtualization, etc. This contribution provides details of Samsung’s view regarding baseline cases and performance of the baseline compared to phase-1 evaluation results [2].
2. Standard-transparent FD-MIMO
As a baseline scheme, the vertical sectorization can be simply considered, where the vertical sectorization with cell splitting into inner and outer sector using two different tilt angles in the vertical domain is known to improve the system performance. The vertical sectorization is well introduced and its performance is also presented in [3]. It is concluded that vertical sectorization has a similar or even worse performance compared to the conventional 3-sector in case of non-full-buffer traffic model. 

Besides vertical sectorization, we can also consider two categories of standard-transparent FD-MIMO scheme; one is beamformed CSI-RS based sectorization and the other is Kronecker-Product based FD-MIMO. These two schemes utilize the multiple CSI processes to acquire the channel information in both azimuth and elevation dimension. We summarize two categories in Table 1 and explain further details below. Note that the overhead and computational complexity due to increasing TXRUs over conventional 8 TXRUs should be taken into account; however, we only compare performance in this contribution.
Table 1. Summary of baseline cases
	
	BFed CSI-RS with multiple CSI processes
	Transparent KP based FD-MIMO

	 (M,N,P,Q)
	(8,4,2,16)
	(8,4,2,24)
	(8,4,2,16)
	(8,4,2,32)

	TXRU virtualization
	Method
	Full-connection: 
2 vertical TXRUs per same column and polarization
	Full-connection:
3 vertical TXRUs per same column and polarization
	1D subarray: 
2 vertical TXRUs per same column and polarization
	1D subarray: 
4 vertical TXRUs per same column and polarization

	
	Weights
	TXRU virtualized with an 8-element DFT weight. 
	TXRU virtualized with an 8-element DFT weight. 
	TXRU virtualized with an 4-element DFT weight as agreed in [78bis-18]
	TXRU virtualized with an 2-element DFT weight as agreed in [78bis-18]

	CSI-RS to TXRU virtualization
	One-to-one mapping;
2 CSI-RS resources, each comprising of 4 horizontal spaced CSI-RS ports per pol.
	One-to-one mapping;
3 CSI-RS resources, each comprising of 4 horizontal spaced CSI-RS ports per pol.
	8-port H-CSI process:  1 CSI-RS port per pol
2-port V-CSI process: 1-to-1 mapping with the 2 TXRUs for a column with same pol
	8-port H-CSI process: 1 CSI-RS port per pol
4-port V-CSI process: 1-to-1 mapping with the 4 TXRUs for a column with same pol

	Cell association
	RSRP on CRS port 0, where CRS port 0 pattern is modelled same as the one for CSI-RS port 15

	# of CSI processes
	2
	3
	2
	2


2.1.  Beamformed CSI-RS with multiple CSI processes

As a standard-transparent FD-MIMO, it can be considered that serving coverage area is spatially separated using a beamformed CSI-RS. Specifically, eNB should configure the multiple of beamformed CSI-RSs where each beamforming direction is sufficiently separated in vertical dimension so that interference between beamformed areas is negligible. This can be interpreted as a vertical sectorization from technical point of view. Different point against conventional vertical sectorization is that eNB configures multiple CSI processes instead of different cell-ID and it is available to combine feedback information of each CSI process as shown in Figure 1. Note that narrower beamwidth is preferred to configure sufficient separation of beamformed areas for this case; thus we consider full connection TXRU model in this operation.
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Figure 1. Illustration of beamformed CSI-RS based FD-MIMO operation

2.2. Transparent Kronecker-Product based FD-MIMO
Similarly with the beamformed CSI-RS based baseline scheme, two CSI processes should be configured for the feedback of both horizontal and vertical dimension, where one is for horizontal dimension, i.e. H-RI, H-PMI, H-CQI, and the other is for vertical dimension, i.e. V-RI, V-PMI, V-CQI. Figure 2 illustrates two CSI processes for horizontal and vertical dimension. However, it is not straightforward to find transmission rank and proper CQI based on independent feedback information though 3D beamforming direction could be easily obtained by Kronecker-Product of H-PMI and V-PMI. It seems that this is an implementation specific issue of eNB, but, one possible approach is to choose higher rank between H-RI and V-RI and to multiply H-CQI by V-CQI. Further optimization might be obviously necessary. 
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Figure 2. Illustration of H/V CSI-RS for Kronecker-Product based FD-MIMO
3. Simulation Results
The performance of baseline cases is compared with phase-1 evaluation result. Simulation assumptions are briefly described in Appendix. For the comparison with phase-1 evaluation results, it is assumed that the number of antenna columns is 4.

3.1. Performance evaluation for Beamformed CSI-RS

The electrical tilt angles for 2 CSI processes are given as (94(, 110() for 3D-UMi and (98(, 110() for 3D-UMa.

Table 2. Performance evaluation for Beamformed CSI-RS for 3D-UMi with ISD 200m
	(M,N,P,Q)
	Load level
	RU [%]
	5% UPT [Mbps]
	50% UPT
[Mbps]
	Avg. UPT
[Mbps]

	(8,4,2,8)
	Lightly-loaded
	22.62
	9.74

(100%)
	27.97

(100%)
	25.66

(100%)

	 (8,4,2,16)
	
	32.65
	5.63

(58%)
	32.00

(114%)
	32.65

(127%)

	(8,4,2,8)
	Medium-loaded
	43.92
	4.99

(100%)
	20

(100%)
	19.89
(100%)

	(8,4,2,16)
	
	79.84
	1.31

(26%)
	10.42

(52%)
	15.02

(76%)


Table 3. Performance evaluation for Beamformed CSI-RS for 3D-UMa with ISD 500m

	(M,N,P,Q)
	Load level
	RU [%]
	5% UPT
[Mbps]
	50% UPT
[Mbps]
	Avg. UPT
[Mbps]

	(8,4,2,8)
	Lightly-loaded 
	20.1
	11.15

(100%)
	30.77

(100%)
	23.8

(100%)

	 (8,4,2,16)
	
	32.42
	4.51

(40%)
	26.14

(85%)
	28.86

(121%)

	(8,4,2,8)
	Medium-loaded
	47.5
	5

(100%)
	15.69

(100%)
	19.12

(100%)

	(8,4,2,16)
	
	96.55
	1.07

(21%)
	7.97

(51%)
	12.01

(63%)


3.2. Performance evaluation for KP based FD-MIMO
Table 4. Performance evaluation for KP based FD-MIMO for 3D-UMi with ISD 200m
	(M,N,P,Q)
	Load level
	RU [%]
	5% UPT
[Mbps]
	50% UPT
[Mbps]
	Avg. UPT
[Mbps]

	(8,4,2,8)
	Lightly-loaded 
	22.62
	9.74

(100%)
	27.97

(100%)
	25.66

(100%)

	 (8,4,2,16)
	
	30.97
	2.78

(29%)
	28.78

(103%)
	32.31

(126%)

	(8,4,2,8)
	Medium-loaded
	43.92
	4.99

(100%)
	20.00
(100%)
	19.89
(100%)

	(8,4,2,16)
	
	85.96
	0.32
(6.4%)
	3.19
(16%)
	9.33
(47%)


Table 5. Performance evaluation for KP based FD-MIMO for 3D-UMa with ISD 500m
	(M,N,P,Q)
	Load level
	RU [%]
	5% UPT
[Mbps]
	50% UPT
[Mbps]
	Avg. UPT
[Mbps]

	(8,4,2,8)
	Lightly-loaded 
	20.1
	11.15

(100%)
	30.77

(100%)
	23.80
(100%)

	 (8,4,2,16)
	
	32.92
	3.30

(30%)
	23.39

(76%)
	28.46

(120%)

	(8,4,2,8)
	Medium-loaded
	47.5
	5.00
(100%)
	15.69

(100%)
	19.12

(100%)

	(8,4,2,16)
	
	87.98
	0.43

(9%)
	2.42

(15%)
	6.25

(33%)


4. Discussion and Conclusion

This contribution has examined the performance comparison for various standard-transparent FD-MIMO baseline schemes, such as beamformed CSI-RS with multiple CSI processes and transparent KP based FD-MIMO. 
Based on the simulation results, we made the following observation:

Observation: The various standard-transparent FD-MIMO schemes have a similar or even worse performance compared to the phase-1 evaluation results in non-full-buffer traffic model. Therefore, more investigation on sophisticated scheduling or additional feedback seems to be necessary for enhancing the performance of standard-transparent FD-MIMO. 
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Appendix. Simulation Assumptions
	Parameters 
	Value 

	Homogeneous scenarios 
	3D-UMa with ISD 200m and 500m,  
3D-UMi ISD with 200m 

	Carrier frequency 
	2GHz 

	System BW 
	10MHz 

	BS antenna configuration 
	BS: X-pol (+/-45), 0.5λ for azimuth,0.8λ for elevation

	TXRU virtualization 
	Full connection / Subarray 

	UE attachment 
	Based on RSRP from CRS#0 

	Traffic model 
	Non full-buffer : Traffic model-1 

	Scheduler 
	PF, subband scheduling 

	Receiver 
	MMSE-IRC receiver 

	Transmission scheme 
	TM10, SU-/MU-MIMO
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