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1 Introduction
This contribution presents preliminary system level simulation results with 8TXRUs in SU and MU-MIMO with various antenna configurations. According to the SID, the objective of the RAN1 is to understand performance benefit of standard enhancements targeting two-dimensional antenna array operation with 8 or more transceiver units (TXRUs) per transmission point, where a TXRU has its own independent amplitude and phase control. From the results, this contribution identifies benefits of 2-dimensional (2D) antenna configurations and possible CSI enhancements for more than 8 TXRUs.
2 Antenna configurations for Evaluation

2.1 Configurations for passive antenna system
Figure 1 shows antenna array assumptions for passive antenna configuration with 8TXRU system. Note that antenna array structure where each column is a cross-polarized array would be specified by using M, N and K, where M is the number of antenna elements with the same polarization in each column, N is the number of columns and K is the number of antenna elements per TXRU [2]. For evaluation of legacy MIMO operations, the number of antenna elements per TXRU is same as K=M and cross-polarized antenna pair in each column can only one-to-one mapped to two TXRUs with considering passive antenna array. 
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Figure 1: 8TXRUs with passive antenna with (M=8, N=4, K=8) configuration
2.2 Configurations for FD-MIMO antenna system
Figure 2 shows four possible configurations for FD-MIMO with 8TXRUs. Compared to legacy antenna configuration, the difference between legacy and FD-MIMO configuration is that the antenna ports in FD-MIMO can be placed in both the horizontal and vertical domains, which can be implemented without increasing the number of elements. As shown in Case 1 through 2 in Figure 2, 8 TXRUs can be virtualized with 2D planar arrays having 4 elements per TXRU. In Case 3, 8TXRUs are placed in 2D (8Hx2V TXRU) with same element to TXRU mapping used in legacy antenna configuration for evaluating the effects on 2D TXRU configuration without reducing the total number of antenna elements.
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   (a) Case 1 (8, 2, 4)                (n) Case 2 (16, 1, 4)           (c) Case 3 (16, 2, 8)


Figure 2: Configurations of FD-MIMO 8TXRUs with (M,N,K)
3 Performance evaluation
3.1 Evaluation results of SU-MIMO transmissions
The system-level evaluation is performed by using antenna configurations with legacy 8TXRUs and Case 1-3 under full-buffer traffic model and 3D-UMa scenario. Detailed simulation assumptions can be found in Appendix. The results of average cell throughput and 5% user throughput are provided in Figure 3. From the results, it can be observed that the 8 TXRUs with legacy antenna shows higher performance compared to Case 1-2. Such difference occurs due to the different antenna array gain, which is caused by different number of antenna elements per TXRU in Case 1-2 and legacy configuration.  On the other hand, Case 3 shows marginal degradation in average throughput. This result is due to the smaller number of TXRUs in horizontal domain. On the other hand, Case 3 has a marginal gain in 5% user throughput compared to performance of legacy 8TXRUs. The ability of the dynamic beam control in the 2D direction results marginal gain of cell edge user in Case 3.
Note that the evaluations were performed using Rel-10 8TX codebook which were designed specifically for antenna ports located on the horizontal axis. The same codebook was used for Case 1-3 which had antenna ports located in both the horizontal and vertical axis. In short, a codebook designed for a 2-dimensional antenna array would have provided better performance that what we have for Case 1-3.
Observations:
· For 8TXRUs, FD-MIMO can achieve 95% performance as legacy MIMO that has twice the number of antenna elements (Case 1-2 vs Legacy).
· For 8TXRUs, dynamic beamforming in the 2D direction based on 2D placement of TXRUs results marginal degradation in average throughput, but, 2% gain in cell edge throughput.
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Figure 3: Preliminary SU-MIMO evaluation results.
3.2 Evaluation results of MU-MIMO transmissions
As discussed in [4], MU-MIMO performance is one of the key factors for evaluation of FD-MIMO. In this section, system-level simulation is performed with MU-MIMO under full-buffer traffic model in 3D-UMa. Each co-scheduled UE’s rank was limited to rank-1. For the MU-MIMO scheduling, we considered sub-optimal PF scheduling where the scheduler chooses one highest PF user first and adds co-scheduled UEs considering MU interference (MRT) or SLNR (signal-to-leakage-plus-noise-ratio) [3] based on reported rank-1 PMI by UEs (SLNR-MRT). Note that we assume the eNB has ideal information of MU interference for MRT scheme. From the results in Figure 4, MU-MIMO system with SLNR-MRT based scheduling performs more than 70% gain than MRT scheme. This performance difference is due to the difference of CSI quality between ideal rank-1 interference and SLNR-MRT. In the case of MRT scheme, PF scheduler chooses best PMI pair among the reported rank-1 PMIs, which show best ratio of signal power and co-scheduled interference power calculated in the sense of SU-MIMO. On the other hand, SLNR-MRT scheme calculates SLNR metric for the co-scheduled UEs and chooses best PMI pair which shows best SLNR metric. In short, more accurate information for MU-MIMO operation may help to achieve better performance in FD-MIMO system. This result implies that the performance enhancement may be hard to acquire the potential benefits of ideal MU FD-MIMO system without any standard enhancements for MU-centric CSI feedback design.
Observation:
· Performance gain of FD-MIMO system with ideal CSI is above 70%, compared to ideal rank-1 interference measurement.
Proposal:
· Study MU-centric CSI feedback design, e.g., MU-CQI.
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Figure 4: Preliminary MU-MIMO evaluation results.
4 Conclusions

This contribution presented preliminary system level simulation results with 8TXRUs in SU and MU-MIMO and discussed benefits of 2-dimensional (2D) antenna configurations and CSI enhancements. The observations and proposals in this contribution are summarized as follows:

Observations:
· For 8TXRUs, FD-MIMO can achieve 95% performance as legacy MIMO that has twice the number of antenna elements (Case 1-2 vs Legacy).
· For 8TXRUs, dynamic beamforming in the 2D direction based on 2D placement of TXRUs results 5% degradation in average throughput, but, 2% gain in cell edge throughput.
· Performance gain of FD-MIMO system with ideal CSI is above 70%, compared to ideal rank-1 interference measurement.
Proposal:
· Study MU-centric CSI feedback design, e.g., MU-CQI.
Appendix (System simulation parameters)
	
	Baseline

	Scenarios
	3D-UMa, homogeneous

	BS antenna configurations
	K=M=10, N=2, X-pol (+/-45), 0.5λ H/V, θetilt = 12 degrees

	MS antenna configurations
	2Rx X-pol (0/+90)

	System bandwidth
	10MHz (50RBs)

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Carrier Frequency 
	2GHz

	Duplex 
	FDD

	Network synchronization 
	Synchronized

	Number of UEs per cell 
	10

	UE distribution 
	Follows 36.873 3D-UMa

	UE Speed 
	3km/h

	Polarized antenna modeling
	1) R1-136021 (yellow part)

2) 36.814

	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

	Traffic model 
	Full buffer 

	Scheduler 
	PF, 1 UE per TTI allocation  for SU-MIMO
Sub-optimal PF for MU-MIMO

	Receiver 
	Ideal channel estimation 

	
	Ideal interference modeling 

	
	MMSE-IRC receiver 

	Interference model 
	Ideal interference from PDSCH which can be measured from IMR

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback 
	PUSCH 3-2

	
	CQI and PMI reporting triggered per 5ms 

	
	Feedback delay is 6 ms 

	
	Rel-10 8Tx codebook 

	
	Ideal rank-1 interference or ideal CSI measurement for MU-MIMO

	Overhead 
	3 symbols for DL CCHs, 4 CRS ports and DM-RS with 12 REs per PRB 

	Transmission scheme
	TM10, single CSI process, SU-MIMO with rank adaptation
TM10, single CSI process, MU-MIMO with rank 1 limitation

	Interference model 
	Ideal rank-1 interference from PDSCH, can be measured from IMR

	Wrapping method
	Geographical distance based

	Cluster elimination step 6
	scaling factor not changed after cluster elimination

	Handover margin 
(for calibration)
	0 dB

	Metrics
	Cell average SE

	
	5% cell-edge SE
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