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1. Introduction
In RAN1#78b an antenna array model was agreed that can be represented by (M, N, P) where M represents the number of rows of antenna elements, N represents the number of columns and P represents the number of polarization dimensions. Further a TXRU model was agreed that can be represented by (MTXRU, N, P) where MTXRU represents the number of TXRUs associated with the co-polarized elements within a single column. 
In this contribution we consider a cross polarized antenna array with M=8, N=4 and P=2 with dH=0.5λ and dV=0.8λ. Also, we only consider the 3D-UMi scenario (ISD=200m, fc=2 GHz).
2. TXRU virtualization weights
Vertical sectorization performance depends critically on the TXRU virtualization weights. In RAN1#78b two different TXRU virtualization models were agreed – the sub-array model and the full-connection model. In this contribution the TXRU virtualization weights that are used are optimized for 3D-UMi scenario at 2 GHz.
The TXRU virtualization weights used in the case of MTXRU=2 are shown in Table 1. Note that for the sub-array model the TXRU virtualization weights are different for the two sub-arrays. The TXRU virtualization weight for the case of MTXRU=1 is the DFT weight tilted to 1000 similar to phase-1 assumptions.
Table 1:TXRU virtualization weights for MTXRU=2

	Full-connection model
	Sub-array model

	TXRU weight 1
	TXRU weight 2
	TXRU weight 1
	TXRU weight 2

	  -0.1236 - 0.1314i
	  -0.1797 - 0.0156i
	   0.3162 + 0.0000i
	

	  -0.2652 + 0.0864i
	  -0.1601 - 0.2284i
	   0.1165 + 0.6216i
	

	  -0.0503 + 0.3990i
	   0.1040 - 0.3885i
	  -0.5895 + 0.2290i
	

	   0.4031 + 0.2558i
	   0.4327 - 0.2018i
	  -0.1669 - 0.2686i
	

	   0.4031 - 0.2558i
	   0.4327 + 0.2018i
	
	   0.3162 + 0.0000i

	  -0.0503 - 0.3990i
	   0.1040 + 0.3885i
	
	   0.0111 - 0.6324i

	  -0.2652 - 0.0864i
	  -0.1601 + 0.2284i
	
	  -0.6321 - 0.0221i

	  -0.1236 + 0.1314i
	  -0.1797 + 0.0156i
	
	  -0.0166 + 0.3158i


The beam pattern formed by the TXRU virtualization weights are shown in Figure 1 and Figure 2. Note that there is more flexibility in optimizing the virtualization weights for the full-connection model that results in a narrower beamwidth, lower sidelobes and better spatial separation compared to the sub-array model.
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Figure 1: Beam pattern of the TXRU virtualization weights for full-connection model, MTXRU=2
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Figure 2: Beam pattern of the TXRU virtualization weights for sub-array model, MTXRU=2
3. Vertical sectorization performance with Rel-12
In this section we evaluate the vertical sectorization performance with Rel-12 8Tx codebook feedback with full-buffer traffic model. Figure 3 shows that the full-connection model provide better vertical sectorization performance than the sub-array model which is also intuitive from the nature of the TXRU virtualization beam patterns as shown in Figure 1 and Figure 2. The gain of vertical sectorization with 16 TXRUs over regular MU-MIMO transmission with 8 TXRUs is in the range of 20% (cell-average) for the sub-array model and in the range of 40% (cell-average) for the full connection model.   
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Figure 3: Vertical sectorization performance with Rel-12 8Tx codebook feedback with full buffer traffic. Vertical sectorization performance is better with full-connection model. Vertical sectorization with 16 TXRUs provide significant performance gains over 8TXRUs – both the cases are associated with the same antenna element configuration (M=8, N=4, P=2).
4. Vertical sectorization and FD-MIMO

It is also of interest to understand the relative performance of vertical sectorization and FD-MIMO. In this section we consider 16 TXRUs represented as MTXRU=2, N=4, P=2. Vertical sectorization in this context implies that the 16 TXRUs are mapped to two sets of 8 azimuth ports, each set comprising a vertical sector. FD-MIMO implies that the 16 TXRUs are mapped to 16 ports in two dimensions and no vertical sectorization is performed.
There is no standard technique for CSI feedback in the case of FD-MIMO with 16 TXRUs, so we assume ideal feedback for all cases in this section. The same TXRU virtualization beams discussed above are also used in this section. The performance is evaluated with bursty traffic at high resource utilization. Figure 4, Figure 5 show the performance gain of FD-MIMO over vertical sectorization for the case of a sub-array model and Figure 6, Figure 7 show the performance of FD-MIMO over vertical sectorization for the case of a full-connection model. Overall we observe that the FD-MIMO gains are more substantial for the sub-array configuration. In both sub-array and full-connection configurations, the FD-MIMO gains compared to vertical sectorization are substantial.
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Figure 4: Throughput comparison of vertical sectorization with FD-MIMO, both with 16 TXRUs in sub-array configuration.
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Figure 5: Percentage gains of FD-MIMO over vertical sectorization for sub-array configuration.
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Figure 6: Throughput comparison of vertical sectorization with FD-MIMO, both with 16 TXRUs in full connection configuration.
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Figure 7: Percentage gains of FD-MIMO over vertical sectorization for full-connection configuration.
5. Conclusion
In this contribution, we discussed the performance of (i) regular azimuth sectorization with 8 TXRUs (ii) vertical sectorization with 16 TXRUs (iii) FD-MIMO with 16 TXRUs. In all cases the antenna element array is kept the same. We observe that generally vertical sectorization provides significant gains with 16 TXRUs compared to 8 TXRUs. We also observe that the vertical sectorization performance is better with full-connection model compared to the sub-array model. FD-MIMO with 16 TXRUs and ideal feedback shows substantial gains compared to vertical sectorization with 16 TXRUs and ideal feedback.
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Table 2: Simulation assumptions

	
	Parameters

	Scenario
	3D-UMi, 200m ISD

	eNB Tx antenna configuration
	M=8, N=4, P=2, MTXRU=1, 2,  dV=0.8λ, dH=0.5λ

	Tx power
	41dBm

	Polarized antenna modeling
	Model -2 from 36.873

	Traffic model 
	Full-buffer or FTP Model 1 with packet size 0.5 Mbytes (high ~70%RU), the number of UEs is variable and according to desired load for bursty

	Wrapping method
	Geographical distance based

	Metrics
	Mean, 5%, 50% UPT

	System bandwidth
	10MHz (50 PRBs)

	UE attachment 
	Based on RSRP (formula)

	Carrier Frequency 
	2GHz

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	according to 36.873 [3]

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	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

	UE Rx antenna configuration
	2 Rx cross-polarized (0/+90)

	CSI feedback
	CQI/PMI/RI Mode 3-2 based on Rel-12 8Tx codebook or Ideal

	Transmission scheme
	TM10

	Scheduler
	Frequency selective scheduling (multiple UEs per TTI allowed)

	
	


