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1 Introduction
In RAN1#80 meeting a way forward on TDD related enhancement for FD-MIMO was discussed and following conclusions were drawn [1].

Conclusion:

Companies are encouraged to consider R1-150829 for evaluation of potential TDD enhancements
· Potential TDD enhancements for EBF/FD-MIMO:

· SRS enhancements

· Increase number of combs

· Extend SRS to more resources (e.g. DMRS or PUSCH resources)

· Precoded SRS

· 4Tx antenna switching

· CSI feedback without PMI

· CQI based on beamformed CSI-RS

· RI feedback

· Other enhancements are not precluded.

In the contribution we discuss CQI feedback for non-PMI feedback mode based on beamformed CSI-RS. We evaluate the CQI feedback for TDD with vertically beamformed CSI-RS and compare with the non-precoded CSI-RS.
2 TxD CQI feedback based on beamformed CSI-RS
No-PMI feedback mode is supported for LTE TM7, 8, 9, and 10. With no-PMI feedback, CQI assuming TxD or single port transmission scheme is reported without PMI and RI. Precoding matrix is derived from estimated uplink channel due to uplink and downlink channel reciprocity. CQI is measured from CRS in TM7/8/9 and from CSI-RS in TM10. As overhead of CSI-RS is much less than CRS, it is prevalent to use CSI-RS for CSI measurement in future wireless communication system.
PMI feedback mode is introduced since LTE Rel-8. PMI is an index to a precoding matrix in a predefined codebook. It has worked well for conventional MIMO system. However it is quite challenging to design codebook and feedback mechanism for FD MIMO system especially when number of antenna element is huge. To achieve satisfactory accuracy of channel state information, the size of codebook shall go exponentially with the number of antenna elements. Designing such a huge codebook is a forbidding task. Feedback of the PMI would take much of uplink resource. What is more, UE searching of precoding matrix in the huge codebook is a time-consuming procedure with significant computational complexity. If limit the codebook size to that can be accepted by UE implementation, the quantization error would prevent it from achieving the performance gain offered by massive antenna array. TDD system is advantageous in that uplink/downlink channel reciprocity can be exploited to obtain downlink CSI. Downlink channel can be acquired by simple processing of estimated uplink channel. The training overhead scales linearly with the number of users instead of the number of antenna elements. Hence, additional antenna elements can be added at no overhead cost to significantly improve the system performance. In contribution [2], FD MIMO based on TDD channel reciprocity was evaluated and significant performance gain was observed. Therefore, no-PMI feedback shall continue to be supported for FD MIMO.
As in legacy system, no-PMI based FD MIMO also requires a CQI feedback for eNodeB to make link adaptation. It is natural to extend TxD based CQI to FD MIMO. A straightforward way is to map CSI-RS to a number of TXRU with one-to-one mapping. This non-precoded CSI-RS transmission is also faced with the coverage issue pointed out in [3]. Alternatively, beamformed CSI-RS could be considered in deriving TxD based CQI.
A diagram of CSI-RS beamforming(e.g. virtual sectorization) is illustrated in Figure 1. System operations of CSI-RS beamforming for no-PMI feedback is summarized below:

· PDSCH transmission is weighted by precoder derived from channel reciprocity (DMRS based transmission is always assumed).

· A number of NZP CSI-RS resource is configured in a cell. Each of the CSI-RS resource is digitally beamformed over multiple TXRUs in one column (Fig. 1), using a different vertical beamforming vector. All the vertical CSI-RS beams shall be able to cover most of the UEs in the cell.
· A NZP CSI-RS resource is selected and configured for the UE. The selection could be made based also on channel reciprocity. The effective channel corresponding to the CSI-RS is measured, and TxD CQI based on the measured channel is calculated and reported.
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Figure 1: CSI-RS transmission

Since each UE is measuring TxD CQI from CSI-RS that is beamformed toward the UE, it can be expected that the accuracy of reported CQI is improved over non-precoded CSI-RS.
3 Evaluation results

In this section, system level simulation results are provided for TxD CQI reporting with beamformed and non-precoded CSI-RS. In the TDD system under evaluation, the eNB is equipped with 64 elements antenna, each of which is mapped to one TXRU as shown in Figure 2.
For non-precoded CSI-RS, the UE derives CQI assuming PDSCH transmitted with 4 ports TxD. The CSI-RS is transmitted from four TXRUs of the first row of the antenna array. For beamformed CSI-RS, it is assumed that there are 4 ports in each vertical CSI-RS beams. Four vertical beams of CSI-RS is transmitted in the simulation. The down tilt values of each beam are listed in Table I.
Table I: Down tilt values of CSI-RS beams

	Number of CSI-RS beams
	Down tilt values for 3D-UMi/3D-UMi-3.5GHz (degree)
	Down tilt values for 3D-UMa/3D-UMa-200m (degree)

	N = 4
	81.01, 88.21, 95.38, 102.64
	95.38, 102.64, 108.21, 115.94


For beamformed CSI-RS transmission, 8 vertical TXRUs in the column with same polarization are virtualized to 1 CSI-RS port by vertical beamforming. The CSI-RS ports are mapped as ports 15-18 on same polarization. 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 configured CSI-RS ports 15-18 as in Rel-12. 
Channel estimation error of CSI-RS is modeled according to method described in [3].
The UE is assumed to have 2 transmit antennas to transmit SRS, thus the channel matrix (H) measured in uplink has dimension of 64x2. The assumptions on SRS transmission are: 2 TX SRS, 10ms periodicity and subband transmission. Other details of simulation assumptions can be found in the appendix.
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Figure 2: Antenna structure at eNB
The method to obtain RI 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 resulting 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.
3.1 Full buffer results
In this section, FD MIMO based on channel reciprocity with TxD CQI feedback is evaluated under full buffer traffic. MU-MIMO transmission is enabled with maximum 8 users on the same resource. In Table II, the simulation results in four different scenarios for full buffer traffic are shown. It can be seen from the results that beamformed CSI-RS transmission provide about 10% cell edge gain over non-precoded CSI-RS for reciprocity based FD MIMO.
Table II: Performance of reciprocity based FD MIMO, full buffer
	Configuration
	Cell edge user SE (bps/Hz/user)
	Gain of beamformed CSI-RS
	Cell average SE (bps/Hz)
	Gain of beamformed CSI-RS

	3D-UMa
	Non-precoded  CSI-RS
	0.104
	0.00%
	6.029
	0.00%

	
	Beamformed CSI-RS
	0.115
	10.13%
	5.958
	-1.18%

	3D-UMi
	Non-precoded  CSI-RS
	0.143
	0.00%
	7.944
	0.00%

	
	Beamformed CSI-RS
	0.150
	5.00%
	7.866
	-0.98%

	3D-UMa200m
	Non-precoded  CSI-RS
	0.138
	0.00%
	6.787
	0.00%

	
	Beamformed CSI-RS
	0.148
	6.91%
	6.730
	-0.84%

	3D-UMi-3.5GHz
	Non-precoded  CSI-RS
	0.148
	0.00%
	7.909
	0.00%

	
	Beamformed CSI-RS
	0.159
	7.49%
	7.835
	-0.95%


4 Conclusions

In this contribution we evaluated the performance of TxD CQI with both beamformed and non-precoded CSI-RS for the FD MIMO system based on channel reciprocity. It is observed that there is considerable gain in cell edge throughput with vertically beamformed CSI-RS and cell average throughput is similar to the non-precoded CSI-RS case.
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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

	CQI feedback granularity
	Subband (6 PRBs per subband)

	CQI feedback periodicity
	10ms

	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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