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1. Introduction
Elevation Beamforming (E-BF) and Full Dimension (FD) MIMO are promising technologies for meeting the future spectrum efficiency demands. In [1], we give our initial evaluation results of 2D Array System performance with up to 64 TXRUs based on ideal PMI feedback using EBF/FD-MIMO schemes. Huge potential gain can be obtained if we increase the number of TXRUs at eNodeB.  However, especially for FDD system, CSI-RS overhead, CSI feedback overhead, and PMI selection complexity may increase significantly due to the large number of TXRUs if traditional full dimension RS and feedback schemes are used, e.g. one TXRU to one CSI-RS port mapping, direct CSI feedback based on the full dimension channel.  It is difficult to achieve the gain shown in [1] by simply increasing CSI-RS port and codebook size because of the unacceptable overhead and complexity when the dimension of channel is large. To achieve gain from 3D beamforming as much as possible with reasonable overhead and complexity, a promising direction is to study how to exploit channel correlation fully.   In this contribution, we discuss some schemes which utilize spatial correlation for reducing dimension of channel base on beamformed CSI-RS and achieve significant saving both in the RS overhead and CSI feedback overhead.
2. Feedback Schemes for Reduced Dimension Channel

Channel covariance information can reflect the main static spatial characteristics including antenna characteristic and correlation characteristic.  In Rel-10, it was proposed to be used in adaptive codebook design by some companies [4]. This scheme can potentially improve quantization efficiency of codebook.  Furthermore, slowly-varying channel covariance information is also proposed to be used in 2D TXRU virtualization [2].  In the proposal, certain number of strongest eigenvectors of combined covariance information of the users in the cell are used to construct the antenna virtualization matrix[2]. Compared to the traditional virtualization scheme, creating beam pattern on each CSI-RS port for active users is more efficient.  With this approach, performance gain can be obtained without increasing the number of CSI-RS ports. 

[image: image1.emf]CSI-RS 

Virtualization

CSI-RS Port 

selection

Obtain reduced 

dimension H, 

perform CSI 

quantization 

Reconstruct

CSI of full-

dimension H

CSI-RS 

CSI 

feedback 

Feedback R or 

send SRS

UE grouping


                                                   Figure 1 CSI Feedback for reduced dimension H
The scheme using channel covariance matrix in CSI-RS port-TXRU mapping is shown in figure 1.  In this scheme, the main idea is to generate reduced dimension logical channel H by using eigenvectors of channel covariance matrix in CSI-RS port virtualization. CSI-RS design and feedback for the low dimension channel should be carefully considered. Thanks to the low dimension of logical H, CSI-RS and CSI feedback requirement are reduced which allows the use of large number of base station antennas also in FDD system.
The proposed feedback scheme for reduced dimension channel and CSI-RS port virtualization method is described by the following steps:
Step 1: eNodeB obtain the channel covariance matrix of each UE

There are two methods to obtain channel covariance matrix R - via UE feedback or via channel reciprocity based on SRS.   For UE feedback, traditional implicit codebook based approach seems not to be an efficient method as the dimension of R can be high.    Another way is to consider explicit path information feedback[3].  R can be decomposed according to the following equation:
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where
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 represents the amplitude of the i-th path, 
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 is eigenvectors which is related to the antenna topology and its 3D beamforming angles.  This can be generated by kronecker product of multiple DFT vectors.  R can be obtained by relatively long term statistics.  It is sufficient to include only the number of significant paths and the corresponding  direction information of these paths in the feedback information.  
The second method is to obtain channel covariance matrix via channel reciprocity based on SRS.   This method can be used by TDD.   This is also considered in [2] for FDD system.  Although it is considered the channel reciprocity exists even for FDD system, it may not be trivial to accurately transform from channel on uplink frequency fu to the channel on downlink frequency fd.  

Step 2: UE grouping at eNodeB side according to the channel covariance matrix of each UE

After obtaining R via feedback or channel reciprocity, the eNB can use it to determine which UEs share similar paths and group those UEs to share the same CSI-RS virtualization.  If UE physical location is available, the eNB also can make use of location and R together to determine the UE grouping. 
Step 3: CSI-RS port virtualization

The eNB can obtain the average covariance matrix over all the UEs in the same group.   For example the covariance matrix for group i can be obtained by 
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represents the covariance matrix of UE 1 in the group and there are X UEs in this group.  The CSI-RS virtualization can be done by using the Nc strongest eigenvectors of the average
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 to obtain Nc CSI-RS ports.  If the UE feeds back explicit path information, it is also possible that the eNB directly pick Nc eigenvectors from the feedback of all UEs in the same group.  
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 is the virtualization matrix formed by these Nc eigenvectors.   
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 is the effective channel after virtualization. 
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Step 4：CSI-RS port selection

UE selects Nb  CSI-RS ports out of Nc CSI-RS ports for channel measurement and obtain the channel with reduced dimension.  It may exist that some of the ports are not suitable for the UE especially if the number of UEs in the group is not small,.  Port selection can be done for each UE to obtain the reduced dimension channel which is better matched with its channel. 
Step 5： CSI quantization and feedback for reduced dimension channel
In this step, CSI quantization is done by the UE based on the reduced dimension channel to calculate the CSI feedback.  The current CSI feedback framework and the Rel-12 codebook can be a starting point.   Study of enhanced codebook e.g..Non-coherent trellis-coded quantization (NTCQ) proposed in [3] can be considered as good candidate for CSI feedback of the low dimension H. The approach exploits the duality between source encoding in a Grassmannian manifold for finding a vector in the codebook and non-coherent sequence detection for maximum likelihood decoding.   It is mentioned that low-complexity implementation of NTCQ encoding can be done.  If so, this can be a good candidate since this can provide scalable solution and avoid codebook design of different dimension.
Step 6： Reconstruct CSI of full-dimension H
After step 5 from the PMI feedback, eNB can obtain the precoder w of reduced dimension Hport from each UE.  eNB can then use 
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 as the overall precoder which is approximate to the best precoder for the full dimension channel  Htxru .If it is SU transmission, this precoder can be directly used.  For MU transmission, it can go through the same procedure like zero-forcing to determine the final precoder. 
In fact, TXRU virtualization can also use average covariance matrix R to determine the virtualization weights.  Compared to TXRU virtualization, CSI-RS virtualization has the following benefits:
(a)  CSI-RS virtualization can be UE specific which is more flexible to match each UE/UE group's channel.  UE specific virtualization can be done only to selective UEs.    On the contrary, TXRU virtualization needs to be cell specific and apply to all UEs.  If number of UEs is not small, the reduced dimension channel produced by virtualization cannot match well with all the UEs.

(b) Cell association can be more flexible in case of CSI-RS virtualization.   If TXRU virtualization is also applied to CRS port, it may affect the accuracy of cell selection.

(c) It is more flexible to add a new active UE in case of CSI-RS virtualization since the change can be done in baseband for a particular CSI-RS resource or even for a particular CSI-RS port.   For TXRU virtualization, adding new UE may affect performance in cell specific manner.      

(d) CSI-RS virtualization provides more freedom on MU precoding as it can be done according to the full dimension channel and requires orthogonal virtualization matrix P only.  On the contrary,  MU precoding needs to be done in reduced dimension for TXRU virtualization. 

3. Performance Evaluation
The following schemes are evaluated in this section:
	
	CSI-RS virtualization weight
	Reduced dimension CSI feedback based on the 4 virtualized CSI-RS ports.

	Scheme A :
	Eigenvectors of channel covariance matrix R of each UE
	W from Rel-8 4Tx codebook

	Scheme B
	Eigenvectors of channel covariance matrix R of each UE
	D*W where W is from Rel-8 4Tx codebook
D is the non-constant modulus diagonal matrix which contains NT largest Eigen values of R

	Scheme C
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 where V contains the Eigenvectors of channel covariance matrix Rpol in the same polarization 
	[D 0;0 D]* W where W is from Rel-8 4-Tx codebook, D is the non-constant modulus diagonal matrix which contains 2 largest Eigen values of Rpol

	Scheme D
	Eigenvectors of channel covariance matrix R of each UE
	Ideal channel covariance R feedback 


Table 1 shows the performance results for antenna configuration (M,N,P,Q)=(8,4,2,64) under 3D-UMi scenarios with ISD 200.   NT =4 virtualized CSI-RS ports is used.

Table 1 - Performance of CSI-RS virtualization schemes for reduced channel dimension with (M,N,P,Q)=(8,4,2,64) and 4 virtualized CSI-RS ports under 3D-UMi scenario
	Offered Load/
NT
	CSI feedback scheme
	RU
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	λ=5
NT=4
	Cat 2 baseline[7]
	0.72
	22.69
	3.14
	19.14

	
	Scheme A
	0.62
	27.24(20.07%)
	4.63(47.22%)
	24.54(28.22%)

	
	Scheme B
	0.58
	28.09(23.82%)
	6.14(95.09%)
	25.16(31.45%)

	
	Scheme C
	0.53
	28.87(27.25%)
	6.93(120.37%)
	25.86(35.12%)

	
	Scheme D
	0.49
	32.86(44.85%)
	9.55(203.57%)
	32.26(68.55%)


Here are the observations from the simulation results:
· All the reduced dimension feedback schemes(Scheme A,B,C,D) based on beamformed CSI-RS have significant gain over the Cat.2 standard transparent baseline scheme.
· From the comparison between scheme A and scheme B, it can be observed that non-constant modulus codebook performs better than constant modulus codebook.  Non-constant modulus codebook which better represents the virtualized channel can be obtained by just applying a diagonal matrix to the precoder based on the standardized constant modulus codebook.  
· Scheme C performs better than scheme B because the block diagonal structure of  Pvi can ensure the final column precoders of the Rank2 matrix are orthogonal to each other.

· Scheme D still has large gain over scheme C, which means there is plenty of room for codebook improvement when reduced dimension feedback scheme is introduced
Based on the observations, it is suggested to investigate further on UE specific CSI-RS virtualization schemes.  For 2D virtualization, new codebook design should be considered in order to match with any reduced dimension channel. Non-constant modulus codebook should be considered.  Virtualization to 4 CSI-RS ports should also be considered.
Proposal:  UE specific CSI-RS virtualization schemes with feedback based on non-constant modulus codebook should be considered.  

4. Conclusion
In this contribution, we discuss the feedback schemes based on reduced dimension channel. Different codebook design and CSI-RS virtualization weight are evaluated.   Based on the analysis, we have the following proposal:
Proposal:  UE specific CSI-RS virtualization schemes with feedback based on non-constant modulus codebook should be considered.  
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Appendix A
Table A.1 Simulation parameters for Macro cell Scenario

	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	Channel Model
	3D UMi ISD 200

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	3D UMI ISD 200: 41 dbm

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: (M,N,P,Q)=(8,4,2,64）

Receiver: 2Rx cross-polarized antenna at UE

	Antenna element spacing
	(dV,dH)=( 0.8λ, 0.5λ,)

	CQI/PMI reporting interval and frequency granularity
	5ms for CSI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2, 

ideal channel covariance R, PMI feedback

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Traffic model
	FTP1 model with 0.5Mbyte

	Feedback Assumption
	Non-ideal modeling of channel estimation error modeling 
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