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1 Introduction
The study item on 3D-MIMO was approved in RAN#65. One of the objectives of this SI is to evaluate the need for enhancement of channel reciprocity based EBF operation. In previous RAN1 meetings, the discussion was mainly focused on scenarios, simulations assumptions and initial calibration of simulators among companies. 
In this contribution we discuss the channel reciprocity based operation for FD MIMO and provide the system level simulation results which show that it is an efficient way for FD MIMO transmission. 
2 Discussion

As the number of antenna elements grows which can be virtualized to different number of TXRUs and then to antenna ports, and can take different shapes such as tall or wide antennas, it will be challenging to design a common feedback framework for FD MIMO. In TDD system, since uplink and downlink transmission operate on the same frequency, channel reciprocity can be naturally utilized. In FDD system, however, it is not obvious since uplink and downlink operate on different frequencies. The channel properties in elevation domain changes rather slowly [2], thus partial long term channel information might still be utilized in FDD system as well, e.g., the EOA. Then the feedback overhead can be reduced without sacrificing the system performance. We discuss two schemes to exploit channel reciprocity for FD MIMO in the following sub-sections, the full channel reciprocity and partial channel reciprocity properties, and provide the simulation results in section 3.
2.1 Full channel reciprocity based operation
In the TDD system under evaluation, the eNB is equipped with 64 elements antenna, each of which is mapped to one TXRU. 8 vertical TXRUs in the column with same polarization are mapped to 1 CSI-RS port thus there are 8 CSI-RS ports in horizontal domain as shown in the Figure 1. The CSI-RS ports are mapped as ports 15-18 on same polarization and 19-22 on the other polarization as in Rel-12. Like the MIMO operation in previous release without PMI feedback, the downlink channel information to calculate RI and precoding matrix is obtained via measurement on uplink channel, while the CSI-RS resource is only used to derive CQI at UE. The UE calculates CQI assuming TxD transmission on CSI-RS ports 15-18 as in Rel-12. The UE is assumed to have 2 transmit antennas to transmit SRS, thus the channel matrix (H) measured in uplink has dimension of 64x2. 
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Figure 1: Antenna structure at eNB
The method to obtain RI/CQI and precoding matrix in eNB is similar to that in Rel-9/10 without PMI feedback. The precoding matrix is obtained from eigenvalue decomposition of the channel covariance matrix R. eNB would select the RI with maximal channel capacity which is calculated from the channel matrix and CQI feedback from UE. As the UE reports the single CQI assuming TxD transmission scheme, the eNB needs to adjust the CQI according to downlink CSI to reflect beamforming gain.
2.2 Partial channel reciprocity based operation 
In the system under evaluation, the eNB antenna configuration is also assumed as shown in Figure 1. The CSI-RS resource is beamformed towards a UE according to the estimation of channel in vertical domain. There are two ways to obtain the precoding vector corresponding to channel of UEs: EoA estimation or eigenvalue decomposition, based on channel in vertical domain derived from reciprocity. The UE measures CSI-RS resource to obtain the CSI on horizontal domain and feeds back RI, PMI, CQI as in Rel-12. Since the CSI-RS resource is beamformed using the same vertical vector as PDSCH, the reported CQI doesn’t need adjustment as is performed in full channel reciprocity case.
1) EoA estimation (EoA)
eNB estimates EoA based on SRS, then generates a DFT vector corresponding the EoA of the UE. The overall precoding matrix for DL transmission is obtained by Kronecker product of the DFT vector and the precoder obtained by UE PMI feedback. The mth element of the DFT vector is expressed as:
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where is the number of antenna elements in a column per polarization, 
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 is the estimated EoA.
2) Eigenvalue decomposition of vertical channel covariance matrix (EVD)
The uplink channel matrix (H) measured by eNB has dimension of 64x2. The channel information on the horizontal TXRUs is averaged to obtain the equivalent channel matrix on vertical domain (R) with dimension of 8x8. In the equation below, the notations M, N, P are same as in the antenna modeling.
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, N = 4, P = 2
where 
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is the channel matrix from the nth column and the pth polarization to UE.
The vertical domain precoding vector is obtained by eigenvalue decomposition of vertical channel covariance matrix 
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, and the overall precoder for DL transmission is the Kronecker product of the vertical precoder and the horizontal precoder obtained by UE PMI feedback.
3 Evaluation results

In this section, system level simulation results are provided for both full channel reciprocity and partial channel reciprocity operations. The assumptions on SRS transmission for both scenarios are: 2 TX SRS, 10ms periodicity and wideband transmission. Other details of simulation assumptions can be found in the appendix. The simulation results for both full channel reciprocity and partial channel reciprocity with FTP and full buffer traffic are given in Table 1 through Table 6 below. The performance of TDD baseline scheme is also provided for comparison purpose, where TDD baseline scheme is same as in Rel-12 reciprocity based scheme with antenna elements mapped to 8 horizontal TXRUs in total. UE transmits wideband SRS from two antennas with 10ms periodicity. For full channel reciprocity, the UE derives CQI assuming PDSCH transmitted with 4 ports TxD. For partial channel reciprocity, the UE feeds back CSI as in Rel-12 with 10ms periodicity. 
3.1 Full channel reciprocity 
3.1.1  FTP results

Table 1- Table 3 show the simulation results for user arrival rates 2, 4 and 5 respectively for four different scenarios. It can be observed that in all scenarios with different traffic loads the reciprocity based scheme with 2D antenna at eNB performs significantly well, especially the gain is higher with higher traffic load. 
Table 1: Performance of full channel reciprocity, FTP traffic, 
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=2
	Configuration
	5% UPT  (Mbps)
	Gain over TDD baseline
	50% UPT (Mbps)
	Gain over TDD baseline
	Mean UPT (Mbps)
	Gain over TDD baseline
	RU

	3D-UMa
	TDD baseline
	11.37
	0.00%
	34.63
	0.00%
	36.31
	0.00%
	19%

	
	Full reciprocity
	14.96
	31.57%
	42.33
	22.23%
	40.17
	11.21%
	17%

	3D-UMi
	TDD baseline
	12.46
	0.00%
	37.68
	0.00%
	37.72
	0.00%
	19%

	
	Full reciprocity
	18.94
	52.00%
	51.95
	37.87%
	44.90
	19.03%
	14%

	3D-UMa200
	TDD baseline
	13.88
	0.00%
	38.52
	0.00%
	38.32
	0.00%
	17%

	
	Full reciprocity
	18.00
	29.68%
	48.29
	25.36%
	43.12
	12.53%
	14%

	3D-UMi-3.5GHz
	TDD baseline
	11.54
	0.00%
	33.95
	0.00%
	36.10
	0.00%
	20%

	
	Full reciprocity
	18.84
	63.26%
	51.95
	53.02%
	44.43
	23.07%
	14%


Table 2: Performance of full channel reciprocity, FTP traffic, 
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=4
	Configuration
	5% UPT  (Mbps)
	Gain over TDD baseline
	50% UPT (Mbps)
	Gain over TDD baseline
	Mean UPT (Mbps)
	Gain over TDD baseline
	RU

	3D-UMa
	TDD baseline
	5.93
	0.00%
	21.77
	0.00%
	25.33
	0.00%
	48%

	
	Full reciprocity
	7.81
	31.70%
	23.98
	10.15%
	27.16
	7.22%
	43%

	3D-UMi
	TDD baseline
	6.34
	0.00%
	22.86
	0.00%
	26.38
	0.00%
	45%

	
	Full reciprocity
	10.14
	59.94%
	30.61
	33.90%
	33.84
	28.28%
	35%

	3D-UMa200
	TDD baseline
	5.86
	0.00%
	21.16
	0.00%
	24.36
	0.00%
	48%

	
	Full reciprocity
	9.41
	60.58%
	27.43
	29.63%
	29.97
	23.03%
	39%

	3D-UMi-3.5GHz
	TDD baseline
	5.40
	0.00%
	21.04
	0.00%
	24.57
	0.00%
	49%

	
	Full reciprocity
	10.29
	90.55%
	29.81
	41.68%
	33.14
	34.88%
	35%


Table 3: Performance of full channel reciprocity, FTP traffic, 
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=5
	Configuration
	5% UPT  (Mbps)
	Gain over TDD baseline
	50% UPT (Mbps)
	Gain over TDD baseline
	Mean UPT (Mbps)
	Gain over TDD baseline
	RU

	3D-UMa
	TDD baseline
	4.20
	0.00%
	16.97
	0.00%
	20.96
	0.00%
	63%

	
	Full reciprocity
	5.95
	41.67%
	19.48
	14.79%
	23.22
	10.78%
	56%

	3D-UMi
	TDD baseline
	4.17
	0.00%
	16.90
	0.00%
	20.78
	0.00%
	63%

	
	Full reciprocity
	7.78
	86.57%
	25.40
	50.30%
	28.52
	37.25%
	47%

	3D-UMa200
	TDD baseline
	3.57
	0.00%
	15.01
	0.00%
	18.74
	0.00%
	67%

	
	Full reciprocity
	7.03
	96.92%
	21.98
	46.44%
	25.52
	36.18%
	51%

	3D-UMi-3.5GHz
	TDD baseline
	3.33
	0.00%
	15.08
	0.00%
	19.00
	0.00%
	67%

	
	Full reciprocity
	7.89
	136.94%
	25.21
	67.17%
	28.62
	50.63%
	47%


3.1.2 Full buffer results
In Table 4, the simulation results in four different scenarios for full buffer traffic are shown. Performance gain in 3D-UMi, 3D-UMa200 and 3D-UMi-3.5GHz scenarios are very significant.
Table 4: Performance of full channel reciprocity, full buffer
	Configuration
	Cell edge user SE (bps/Hz/user)
	Gain over TDD baseline
	Cell average SE (bps/Hz)
	Gain over TDD baseline

	3D-UMa
	TDD baseline
	0.093
	0.00%
	5.13
	0.00%

	
	Full reciprocity
	0.116
	24.73%
	6.12
	19.30%

	3D-UMi
	TDD baseline
	0.087
	0.00%
	5.00
	0.00%

	
	Full reciprocity
	0.163
	87.36%
	8.15
	63.00%

	3D-UMa200
	TDD baseline
	0.079
	0.00%
	4.62
	0.00%

	
	Full reciprocity
	0.156
	97.47%
	7.15
	54.76%

	3D-UMi-3.5GHz
	TDD baseline
	0.091
	0.00%
	4.94
	0.00%

	
	Full reciprocity
	0.168
	84.61%
	8.05
	62.96%


3.2 Partial channel reciprocity:
3.2.1 FTP results
Table 5 provides the simulation results for partial channel reciprocity based schemes as described in section 2.2 (Denoted as ‘EoA’ and ‘EVD’)with user arrival rate of 4, which is compared against the TDD baseline results in Table 2 above. It can be observed that both schemes outperform the TDD baseline scheme and performance gains in different scenarios are very close. 
Table 5: Performance of partial channel reciprocity, FTP traffic, 
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=4
	Configuration
	5% UPT  (Mbps)
	Gain over TDD baseline
	50% UPT (Mbps)
	Gain over TDD baseline
	Mean UPT (Mbps)
	Gain over TDD baseline
	RU

	3D-UMa
	EoA
	8.01
	35.08%
	24.31
	11.67%
	27.67
	9.24%
	41%

	
	EVD
	7.79
	31.37%
	24.49
	12.49%
	27.66
	9.20%
	42%

	3D-UMi
	EoA
	11.71
	84.70%
	29.81
	30.40%
	33.98
	28.81%
	34%

	
	EVD
	11.02
	73.82%
	29.81
	30.40%
	33.75
	27.94%
	34%

	3D-UMa200
	EoA
	9.67
	65.02%
	27.00
	27.60%
	29.63
	21.63%
	38%

	
	EVD
	9.88
	68.60%
	27.00
	27.60%
	29.79
	22.29%
	38%

	3D-UMi-3.5GHz
	EoA
	11.70
	116.67%
	29.81
	41.68%
	33.97
	38.26%
	34%

	
	EVD
	10.55
	95.37%
	29.56
	40.49%
	33.01
	34.35%
	36%


3.2.2 Full buffer results
Simulation results for full buffer traffic are provided in Table 6, which is compared against the TDD baseline results in Table 4 above. Significant gain can be observed in 3D-UMi and 3D-UMa200 scenarios against TDD baseline scheme. 
Table 6: Performance of partial channel reciprocity, full buffer
	Configuration
	Cell edge user SE (bps/Hz/user)
	Gain over TDD baseline
	Cell average SE (bps/Hz)
	Gain over TDD baseline

	3D-UMa
	EoA
	0.092
	-1.07%
	4.46
	-13.06%

	
	EVD
	0.092
	-1.07%
	4.45
	-13.25%

	3D-UMi
	EoA
	0.122
	40.23%
	5.91
	18.20%

	
	EVD
	0.123
	41.38%
	5.91
	18.20%

	3D-UMa200
	EoA
	0.124
	56.96%
	5.55
	20.13%

	
	EVD
	0.128
	62.02%
	5.53
	19.70%

	3D- UMi-3.5GHz
	EoA
	0.125
	37.36%
	5.81
	17.61%

	
	EVD
	0.126
	38.46%
	5.79
	17.21%


From the simulations results, it is observed that even with directional information on vertical domain provides significant gain for 2D antennas system. It implies that the partial channel reciprocity scheme might be applied in FDD system as well. 
4 Conclusions

In this contribution we evaluated the performance of the FD MIMO system based on channel reciprocity. It is observed that in TDD system, channel reciprocity can be exploited in order to obtain the system performance gain. On the other hand, partial channel reciprocity such as directional information in elevation domain can be utilized efficiently so that the feedback overhead can be reduced without penalizing the system performance. 
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6 Appendix
Table A1: Evaluation assumptions
	Parameter
	Value

	Antenna configuration
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ space
Vertical: 8 elements, 0.8λ space

	Scenario
	3D-UMa with 500m ISD (3D-UMa), 3D-UMi with 200m ISD (3D-UMi), and 3D-UMa with 200m ISD (3D-UMa200), 3D-UMi with 200m ISD and 3.5GHz frequency(3D-UMi-3.5GHz)

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz, 3.5GHz

	UEs per cell
	10 for full buffer

	UE  distribution
	Follows 36.873 3D-UMa, 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	Full buffer, FTP model 1

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	PMI/CQI feedback granularity
	Subband (6 PRBs per subband)

	RI/PMI/CQI feedback periodicity
	10ms

	Codebook used
	Rel-12 8Tx codebook

	Transmission scheme
	SU/MU dynamic switching

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB
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