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1. Introduction

The study item on elevation beamforming and full dimension MIMO was agreed in the 3GPP RAN#65 meeting [1]. The study item was agreed to be organized in a phased manner. In Phase I, RAN1 is tasked to evaluate the antenna configuration with 8 TXRU per eNB, where each TXRU is associated with an antenna ports and all antenna ports constitute a horizontal array. It is noted that the horizontal CSI-RS pattern described in Phase I of the SID is only one of several possible standard-transparent schemes to implement EBF/FD-MIMO using Rel.12 MIMO features. A list of other possible standard-transparent EBF/FD-MIMO schemes based on Rel.12 is provided in a companion contribution [4].
Beamformed CSI-RS is a potential simple scheme to implement EBF/FD-MIMO scheme with existing TM9/TM10 feature. In a nutshell, the CSI-RS configured for a UE may be precoded in the vertical domain by an elevation beamforming vector toward the UE; therefore a single CSI feedback from the UE can provide beamforming information including both elevation and azimuth domain CSI. The performance of beamformed CSI-RS with 16 – 64 TXRU per eNB is provided in a companion contribution [5]. In this contribution, beamformed CSI-RS with 8 TXRU per eNB is provided, using the same antenna configuration and TXRU configuration as described in Phase I of the SID.
2. FD-MIMO implementation
2.1. Beamformed CSI-RS
Let us suppose a planar array with N1 columns and N2 rows. To enable UE to estimate CSI information regarding both horizontal and vertical antenna array with one CSI-RS, a number of CSI-RS targeting different elevation directions can be transmitted. Reference signal of a CSI-RS is beamformed with a weighting vector forming a CSI-RS beam. CSI-RS beams should be able to cover most UEs in elevation domain. An example is shown in Figure 1 where four CSI-RS beams are generated.
A UE configured with TM9 can be configured with one CSI-RS resource according its position in the cell. In practical implementation, CSI-RS for a UE could be selected based on long-term uplink measurement in TDD or RSRP report in FDD. By collecting RSRP for a number of CSI-RS beams reported by UE, the eNB could, for example, select the beam with the highest RSRP for UE. 
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Figure 1: Illustration of CSI-RS beams
The nth CSI-RS has multiple antenna ports arranged in the horizontal domain. Reference signal of an antenna port is mapped to one column of the antenna array, and weighted by the beamforming weight for the nth CSI-RS Wn. The process is illustrated in Figure 2. For an N2xN1 array, a CSI-RS has N1 antenna ports. A UE estimates channel from its configured CSI-RS and calculates CSI including CQI/PMI/RI. The calculated CSI reflects CSI in horizontal domain. Denote the calculated precoding matrix as V, the precoding matrix for overall antenna array can be calculated as 
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 where Wn is the beamforming weight for the configured CSI-RS. The calculated CQI can rightly reflect the channel quality of transmission from the whole array as the CSI-RS is already beamformed in vertical domain. It is also possible to arrange the CSI-RS beamforming pattern such that virtualized CSI-RS antenna ports are arranged in both horizontal and elevation domains.
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Figure 2: CSI-RS transmission
If TM10 is supported by UE, FD-MIMO could be implemented in a similar manner but with more freedom. A UE could be configured with more than one CSI-RS which are beamformed in elevation domain. For CSI reporting, more than one CSI processes could be configured to report CSI regarding the associated CSI-RS. That is, a UE is able to report CSI for multiple CSI-RS beams. Based on the reported CSI, the eNodeB could select the best CSI-RS beam to derive transmission parameters. Advanced algorithm, such as interpolating the precoding matrix based on UE reported CSI for multiple CSI-RS beams could be considered.
2.2. CSI-RS configuration at the eNB 

It is assumed that the eNB has 8 TXRU and each TXRU is uniquely associated with an antenna port, therefore a maximum of 8 CSI-RS ports are supported at the eNB in any subframe. 
There are multiple options to configure CSI-RS at the eNB:

· Option A: The eNB configures an 8-port CSI-RS resource for all UEs in the cell. However, since different UEs are scattered in different elevation positions, using one common CSI-RS resource is not able to sufficiently differentiate UE in the elevation domain, and is likely to result in poor performance. 
· Option B: The eNB configures K CSI-RS resources in the cell, each of which is beamformed with a different elevation beamforming angle. The number of CSI-RS port per CSI-RS resource is denoted as M, where KM = 8. For instance, the eNB can configure K = 2 CSI-RS resources, each with M = 4 ports, to cover two different elevation angles.  Although 4Tx MIMO has degraded performance than 8Tx MIMO,   it remains to be studied if such loss can be offset by the gain from UE-specific elevation beamforming using beamformed CSI-RS.
· Option C: The eNB configures an 8-port CSI-RS resource to each UE. The CSI-RS for each UE may share the same CSI-RS configuration, but are distributed in different subframes e.g. by different CSI-RS offsets. UEs with the same elevation angle may be configured with the same CSI-RS resource with the same offset, whereas CSI-RS resource for UE with different elevation angles may be distributed in different subframes.
· Option D: The eNB configures an 8-port CSI-RS resource to all UE in the cell. The CSI-RS is beamformed, and the beamforming weight varies across subframes to cover all UE in the cell. UE reports CQI/PMI/RI by measuring the configured CSI-RS. eNB collects UE reported CQI/PMI/RI regarding to CSI-RS transmission in different subframes to make scheduling decision and link adaptation.
3. Evaluation results
In this section, the performance of beamformed CSI-RS transmission of Option D is evaluated. Both SU-MIMO and MU-MIMO transmission are evaluated. We assume 8 antenna elements in a column and 8 antenna elements in a row, i.e., N1 = 8, N2 = 8. 
Full buffer traffic is modeled. Three scenarios are considered in this evaluation: 3D UMi with 2GHz frequency(3D-UMi), 3D UMa with 2GHz frequency and ISD 500m(3D-UMa), 3D UMa with 2G frequency and ISD 200m(3D-UMa-200). The other detailed simulation assumptions could be found in Table A1.
The performance is compared with Rel-12 DL MIMO scheme following the Phase I description in the SID, where eight TXRUs arranged in horizontal are assumed. It is noted that the Phase I scheme in the SID may not be the optimal standard-transparent 3D-MIMO scheme that can be achieved with Rel-12.
Table 1 – Table 6 give the results of Rel-12 DL MIMO and CSI-RS beamforming with 4 and 8 beams. From the evaluation results, we can find that 4 beams could provide over 20% cell edge gain in 3D-UMi and 3D-UMa scenario with MU-MIMO transmission. 
Table 1: Performance of SU-MIMO in 3D-UMa scenario
	3D-UMa SU-MIMO
	Cell edge user SE (bps/Hz/user)
	Gain on cell edge user SE
	Cell average SE (bps/Hz)
	Gain on cell average SE

	Phase I
	0.0604 
	0.00%
	2.37 
	0.00%

	4 beams
	0.0650 
	7.68%
	2.13 
	-9.93%

	8 beams
	0.0626 
	3.75%
	2.12 
	-10.16%


Table 2: Performance of SU/MU-MIMO in 3D-UMa scenario
	3D-UMa SU/MU-MIMO
	Cell edge user SE (bps/Hz/user)
	Gain on cell edge user SE
	Cell average SE (bps/Hz)
	Gain on cell average SE

	Phase I
	0.0571 
	0.00%
	3.34 
	0.00%

	4 beams
	0.0695 
	21.68%
	3.12 
	-6.48%

	8 beams
	0.0652 
	14.17%
	3.09 
	-7.35%


Table 3: Performance of SU-MIMO in 3D-UMa-200 scenario
	3D-UMa-200 SU-MIMO
	Cell edge user SE (bps/Hz/user)
	Gain on cell edge user SE
	Cell average SE (bps/Hz)
	Gain on cell average SE

	Phase I
	0.0712 
	0.00%
	2.26 
	0.00%

	4 beams
	0.0691 
	-3.03%
	2.07 
	-8.11%

	8 beams
	0.0696 
	-2.23%
	2.04 
	-9.57%


Table 4: Performance of SU/MU-MIMO in 3D-UMa-200 scenario
	3D-UMa-200 SU/MU-MIMO
	Cell edge user SE (bps/Hz/user)
	Gain on cell edge user SE
	Cell average SE (bps/Hz)
	Gain on cell average SE

	Phase I
	0.0688 
	0.00%
	3.29 
	0.00%

	4 beams
	0.0618 
	-10.15%
	3.02 
	-8.20%

	8 beams
	0.0602 
	-12.47%
	2.96 
	-9.96%


Table 5: Performance of SU-MIMO in 3D-UMi scenario
	3D-UMi SU-MIMO
	Cell edge user SE (bps/Hz/user)
	Gain on cell edge user SE
	Cell average SE (bps/Hz)
	Gain on cell average SE

	Phase I
	0.0658 
	0.00%
	2.42 
	0.00%

	4 beams
	0.0769 
	16.90%
	2.33 
	-3.81%

	8 beams
	0.0753 
	14.51%
	2.27 
	-6.17%


Table 6: Performance of SU/MU-MIMO in 3D-UMi scenario
	3D-UMi SU/MU-MIMO
	Cell edge user SE (bps/Hz/user)
	Gain on cell edge user SE
	Cell average SE (bps/Hz)
	Gain on cell average SE

	Phase I
	0.0623 
	0.00%
	3.42 
	0.00%

	4 beams
	0.0776 
	24.70%
	3.46 
	0.91%

	8 beams
	0.0781 
	25.47%
	3.46 
	0.89%


4. Conclusion 
In this contribution, elevation beamforming and FD-MIMO implementation based on TM9 or TM10 with beamformed CSI-RS transmission is discussed. It is assumed that each eNB has 8 TXRU, where each TXRU is associated with an antenna port. 

The CSI-RS resource configured for a UE can be transmitted by beamforming toward a specific elevation direction. CSI is calculated and reported by measuring the configured CSI-RS. The eNodeB is able to obtain CSI for the overall antenna array by combing the reported CSI and beamforming weight of the transmitted CSI-RS. Evaluation results arrive to the following conclusions:
Observation:
· Up to 25% cell-edge throughput gain can be achieved with beamformed CSI-RS, which is a standard-transparent EBF/FD-MIMO solution, compared to the Phase I scheme described in the SID. The cell average throughput gain is not significant.
· Four CSI-RS beams per cell are sufficient to achieve most of the gains of beamformed CSI-RS transmission in homogeneous deployment scenarios. Increasing to eight CSI-RS beams per cell has very limited (if any) additional performance gain.

Based on the observation we propose that:

Proposal:
· Consider beamformed CSI-RS as a potential baseline scheme for EBF/FD-MIMO evaluation comparison.
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6. Appendix

Table A1: Evaluation assumptions for baseline and FD MIMO transmission
	Parameter
	Value

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

	Scenario
	3D-UMa with 500m ISD, 3D-UMi with 200m ISD, and 3D-UMa with 200mISD

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz

	UEs per cell
	10

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

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	Full buffer 

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

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

	PMI/CQI feedback periodicity
	10ms

	RI feedback periodicity
	120ms

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB
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