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1. Introduction
The work item on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE was approved in the 3GPP RAN#68 meeting [1]. Partial reciprocity is a potential issue for FD-MIMO in TDD system, which would cause performance degradation since higher rank can not be used or may be improperly used [2]. In this contribution, UE-specific beamformed CSI-RS-based schemes are further evaluated in TDD system, focusing on solving the partial reciprocity issue.
2. UE-specific beamformed CSI-RS-based schemes in TDD system
In TDD system, the following working procedure could be used for different eNB antenna configurations.
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Figure 1. Procedure for UE-specific beamformed CSI-RS-based schemes in TDD system
Step 1: UE transmits SRS to eNB. Here, we focus on the UEs equipped with 2/4 DL Rx antenna and 1 UL Tx antenna, which is the most common UE antenna configuration nowdays.
Step 2: eNB calculates the CSI-RS virtualization weights according to the partial channel reciprocity for 2/4 beamformed CSI-RS ports, basically simple conjugate transpose of estimated channel is used as virtualization weight (details in step 3)
Step 3: eNB transmits 2/4 beamformed CSI-RS ports to UE.

· For 2 beamformed CSI-RS ports, each CSI-RS port corresponds to one eNB antenna polarization.

· For 4 beamformed CSI-RS ports, the following CSI-RS virtualization method can be used as an example.
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Figure 2. Mapping for TXRUs to 4 beamformed CSI-RS ports
Step 4: UE reports RI/PMI/CQI calculated based on the two/four beamformed CSI-RS ports.

Step 5: PDSCH transmission.
3. Evaluation results of UE-specific beamformed CSI-RS-based schemes
Performance evaluation results of UE-specific beamformed CSI-RS-based schemes for TDD system are shown in this section. Two kinds of UEs are considered. The first kind is equipped with 2 DL Rx antenna and 1 UL Tx antenna, and the second kind is equipped with 4 DL Rx antenna and 1 UL Tx antenna. For both cases, single layer transmission using partial channel reciprocity is applied as the baseline, while up to 2/4-layer could be transmitted per UE in beamformed CSI-RS-based scheme, for 2Rx/4Rx UE respectively.
Table 1 gives the system level simulation results for beamformed CSI-RS-based scheme.
Table 1. System level simulation results using FTP traffic model
	
	
	Case 1: 1Tx/2Rx UEs  (2 port/UE)
	Case 2: 1Tx/4Rx UEs (4 port/UE)

	
	
	Baseline
	Beamformed CSI-RS
	Gain
	Baseline
	Beamformed CSI-RS
	Gain

	50% RU

(λ=3.3)
	5% UPT(Mbps)
	8.9 
	8.7 
	-2%
	9.6 
	10.7 
	11%

	
	50% UPT(Mbps)
	23.2 
	28.4 
	22%
	25.6 
	28.6 
	11%

	
	Mean UPT(Mbps)
	21.4 
	31.0 
	45%
	22.3 
	32.9 
	48%

	
	RU
	46%
	35%
	
	45%
	35%
	

	70% RU

(λ=5)
	5% UPT(Mbps)
	4.5
	6.8
	51%
	5.4 
	7.7 
	44%

	
	50% UPT(Mbps)
	13.5 
	19.0
	41%
	14.9 
	24.5 
	64%

	
	Mean UPT(Mbps)
	15.6
	23.0
	47%
	16.9 
	27.3 
	62%

	
	RU
	72%
	59%
	
	69%
	53%
	


From Table 3, we can see that for the case 4 port per UE operation shows around 10% gain over 2 port per UE operation in high load case, but almost no gain in medium load case due to increased CSI-RS overhead.
4. Conclusion
In this contribution, 4 port UE-specific beamformed CSI-RS-based schemes are evaluated. It is demonstrated that UE-specific beamformed CSI-RS could be flexible and diverse in real system, and no necessarily limited to two port CSI-RS. 

It is further noted that because channel characteristics on the 4 beamformed CSI-RS ports is different from the channel assumed for R8/12 codebook design, it may be necessary to design new 4 Tx codebook for the 4 beamformed CSI-RS operations. Further evaluations based on new codebook would help to reveal the necessity of new 4 Tx codebook.

Moreover, UE-specific beamformed CSI-RS is expected to be more and more useful when number of transmit antenna is increased, and the 4 port beamformed CSI-RS operation can be simply extend for future mmW beamforming.  

Overall we observe:

· New 4Tx codebook for UE-specific beamformed CSI-RS needs to be discussed in R13

· The four port UE-specific beamformed CSI-RS operation can be extended for future mmW beamforming, such as 8/16 UE-specific beamformed CSI-RS etc.
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