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1. Introduction
In RAN#65, a new MIMO SID [1] is approved. Elevation Beamforming (E-BF) and Full Dimension (FD) MIMO are two promising technologies for meeting the future spectrum efficiency demands.  In [2], we discuss potential enhancements targeting 2D antenna array for E-BF/FD-MIMO. In [5], tremendous gain is observed from 2D antenna array system with up to 64TXRUs using channel covariance feedback scheme.  However, overhead on CSI feedback and reference signal for channel measurement are issues to the system design. In RAN1#80 meeting, two WFs[6][7] are discussed and several agreements on potential CSI-RS and feedback enhancements of FDD system are reached [8]. In this contribution we give further analysis on various enhanced CSI-RS and CSI feedback schemes for EBF and FD-MIMO.
2. Potential Enhancements on CSI-RS
2.1  Non Precoded CSI-RS
One-to-one TXRU to CSI-RS port mapping
CSI-RS is usually configured in current MIMO system with no more than 8TXRU and one-to-one TXRU to CSI-RS port mapping.  Therefore, no precoding weight is needed for CSI-RS port virtualization. Direct CSI measurement based on full dimension channel H is supported and hence accuracy of CSI measurement is usually good. 

For more than 8 TXRUs MIMO systems, a simple way is to extend the number of CSI-RS ports in a CSI-RS resource in order to support one-to-one mapping.   Since it could provide full dimension CSI measurement for a two dimensional antenna array, the best measurement performance can be achieved if feedback overhead or RS coverage is not an issue.  However, if up to 64 CSI-RS ports is introduced, CSI-RS overhead may be unacceptable in most of the cases.  Table 1 below shows the percentage of CSI-RS overhead over PDSCH considering 3 control channel symbols, 12 DMRS REs and 12 CRS REs.  With muting applied among the three sectors in the same site, additional overhead of ZP-CSI-RS is needed.   More CSI-RS overhead leaves fewer REs for data transmission.  Therefore it takes longer time to finish a packet and hence generates more interference to the network.  So it is expected to see more performance degradation than just directly from overhead.
Table 1:  CSI-RS overhead under various configuration assumptions
	
	8 Ports
	16 Ports
	32 Ports
	64 Ports

	NZP CSI-RS only, 10ms period
	0.77%
	1.54%
	3.08%
	6.16%

	NZP CSI-RS only, 5ms period
	1.54%
	3.08%
	6.16%
	12.32%

	Both NZP and ZP CSI-RS, 10ms period
	2.31%
	4.62%
	9.24%
	18.48%

	Both NZP and ZP CSI-RS, 5ms period
	4.62%
	9.24%
	18.48%
	36.96%


There are pros and cons of one-to-one TXRU to CSI-RS mapping.   
· Pros of one-to-one TXRU to CSI-RS mapping
· Suitable for all antenna configurations of 2D antenna array
· Full dimension channel for accurate CSI measurement 

· Small standardization impact 

· Cons of one-to-one TXRU to CSI-RS mapping
· Overhead increases linearly as number of TXRUs increases
· Coverage of CSI-RS does not match with coverage of PDSCH especially when number of TXRUs is large

· CSI-RS interference coordination is not supported 
One-to-one TXRU to CSI-RS mapping is a promising method in MIMO system with a moderate number of TXRUs. However, when number of TXRUs is large, overhead and coverage may bring system performance degradation.

Proposal1: One-to-one TXRU to CSI-RS mapping should be supported at least when number of TXRUs is 16.

There are several methods to extend the CSI-RS configuration to support more than 8 ports.   A simple way is to extend candidate RE locations per PRB pair.  Another way is subframe level extension.  Either way increases CSI-RS overhead proportionally. To provide a good tradeoff between CSI-RS overhead and performance, partial bandwidth and lower periodicity of some of the CSI-RS ports in a CSI-RS resource can be further studied for overhead reduction

Proposal 2: Partial bandwidth and lower periodicity of some of the CSI-RS ports in a CSI-RS resource can be further studied
Partial TXRU to CSI-RS port mapping
A straightforward way to reduce CSI-RS overhead is to transmit CSI-RS only on partial TXRUs. There are two main types of partial mapping schemes: Subsampling CSI-RS and Multiple sets of CSI-RS
Type I: Subsampling CSI-RS

In general, only one CSI-RS set is needed for channel estimation and CSI feedback.  If only one set of CSI-RS is configured, a uniform subsamping can be done to transmit CSI-RS only on subsampled TXRUs as shown in the example in Figure 1.   other schemes, e.g. spatial compressive sensing with non-uniform subsampling can also be studied. UEs can utilize sub-sampled CSI-RS ports to conjecture full dimension H. Appropriate sampling rate and good interpolation algorithm of CSI-RS is important for these subsampling schemes thus should be further studied. These schemes may perform well in correlation channel with low CSI-RS overhead but the performance is unclear in a rich scattering scenario.

Type II: Multiple sets of individual CSI-RS

Multiple CSI-RS sets are configured for CSI measurement when this type of CSI-RS is used.   The total number of ports in multiple sets is less than number of TXRUs. Different mapping methods between CSI-RS ports and TXRUs are used. Each port is connected to a TXRU. For different set, channel estimation and CSI measurement are done individually. TXRUs are divided to several groups.  Each CSI-RS set is used to measure CSI of TXRUs in the same group. An example is shown in Figure 2 with antenna configuration M,N,P,Q=(8,4,2,64).  8-ports in a CSI-RS set is mapped to 8TXRUs in a row of antenna array, another 8-ports in another CSI-RS set is mapped to TXRUs in the first column connected to +45 degree polarization.
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         Figure 1: uniform sub-sampling of CSI-RS                                      Figure 2: Multiple sets of individual CSI-RS
· Pros of Partial TXRU to CSI-RS mapping
· Suitable for major antenna configurations of 2D antenna array
· No or limited standardization impact 
· Low CSI-RS overhead

· Cons of Partial TXRU to CSI-RS  mapping
· Not flexible enough to support various CSI feedback schemes

· Coverage maybe a potential issue 

· CSI-RS interference coordination is not supported 
· Only perform well in high-correlation channel

Partial TXRU to CSI-RS mapping can obviously reduce RS overhead and it have very limited standardization impact.  Thus it can be a promising method in MIMO system with a large number of TXRUs, but in low-correlation channel, we should further study how to improve performance.

Proposal 3: further study how to improve performance of  schemes with partial TXRU to CSI-RS mapping
2.2 Beamformed CSI-RS 

Another effective way to reduce the CSI-RS overhead is to configure less CSI-RS ports than TXRUs by using dimension-reduced virtualization scheme. e.g. M TXRUs are mapped to N ports by using a MxN matrix P with weight, N<M. Both 1D and 2D virtualization schemes can be easily implemented. There are several methods to determine matrix P. e.g. P can be determined by UE measurement information, or according to the DL channel covariance matrix, which can be obtained based on reciprocity of DL/UL channel. Several examples of how to use beamformed CSI-RS are given in companion contributions [11][12].  The tradeoffs of CSI-RS overhead, CSI feedback overhead, standardization impact and precoding performance should be further studied.
· Pros of Beamformed CSI-RS
· Suitable for all antenna configurations of 2D antenna array
· Very flexible to support various CSI measurement and feedback schemes
· Higher CQI accuracy especially for TDD system
· Improve link adaptation performance of MU-MIMO
· Improve CSI-RS coverage

· CSI-RS interference coordination is supported
· Low overhead when there is low number of active UEs
· Cons of Beamformed CSI-RS
· Large overhead when lots of UE specific BFed CSI-RS resources are used 
· More standardization impact
Beamformed CSI-RS works with non-precoded CSI-RS well together. If beamformed CSI-RS is introduced, there is no need to configure high-density non-precoded CSI-RS. We can configure low-density non-precoded CSI-RS only for long term and wideband high dimension CSI measurement, short term and subband CSI can be measured based on beamformed CSI-RS with low dimension.   The total CSI-RS and CSI feedback overhead is reduced. In addition, Beamformed CSI-RS can effectively improve coverage of CSI-RS and flexibility of CSI feedback.  Overhead is an issue for UE-specific beamformed CSI-RS if there are many active UEs.
Proposal 4:  Standardization support of beamformed CSI-RS should be considered.
2.3 Aperiodic CSI-RS
Although UE specific CSI-RS configuration signaling is supported in LTE-A specification, CSI-RS resource is often considered to be cell/TP-specific.  For shared CSI-RS, the power, frequency density/location, port number and period should satisfy the maximum requirement of a large number of UEs which share the CSI-RS resource. Since CSI-RS is semi-statically configured and periodically transmitted, it may potentially cause resource waste if the current CSI-RS resource is used in UE or UE-group specific manner.  More importantly, shared CSI-RS means the same port virtualization method should be adopted for each UE, it strongly limits the CSI measurement flexibility and hence eNodeB cannot support adaptive transmission very well. 

Aperiodic CSI-RS (non-precoded or beamformed) can be studied in Rel-13 for overhead reduction and flexible transmission scheme choice which is UE-specific/UE group specific.  Since it is generated only when needed, overhead can be reduced.  The time/Frequency density/location, port number, transmission power of aperiodic CSI-RS can be configured more flexibly than current CSI-RS.  As shown in figure 3, eNodeB can allocate RS resource in terms of port, RB and TTI which can be different for different UEs.   This means the density of CSI-RS seen by different UE can be different.  Therefore, the eNodeB can configure proper CSI-RS for each UE according to its requirements e.g. CSI accuracy and overhead. 
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                               Figure 3 Configuration of aperiodic CSI-RS in different domains

Number of ports can be flexibly configured for aperiodic CSI-RS.  Therefore, virtualization mapping to the CSI-RS ports can also be done more dynamically and more specifically for one UE or a group of UEs.  Multiple CSI processes framework can be used so that the UE can measure multiple aperiodic CSI-RS resources and legacy periodic CSI-RS resources at the same time.   

Aperiodic CSI-RS work well together with current CSI-RS as well:

· Non-precoded aperiodic CSI-RS can be used to extend the current 8-port CSI-RS to more than 8 ports.
· The periodic CSI-RS can be used to decide how precoding is done on beamformed aperiodic CSI-RS.
Proposal 5:  Aperiodic CSI-RS should be considered as one of the CSI-RS enhancements in Rel-13
3. Potential Enhancements on CSI Feedback

2.1 CSI feedback based on full dimension CSI-RS
Implicit CSI feedback

Direct channel estimation and CSI measurement based on full dimension CSI-RS is a preferred framework and perform well in current MIMO system with no more than 8TXRUs. Unfortunately, for 2D antenna array with a large number of TXRUs, overhead and complexity become big issues of this scheme.  To avoid unacceptable overhead and complexity, application scenario of this scheme should be limited. e.g. only up to 16Tx codebook is supported in this framework. 
With current precoder model in 4/8Tx codebook, CSI feedback matches with the properties of correlated channel pretty well for cross-polarized or ULA antennas. In Rel-13, 2D antenna array is considered for opening up extra TXRUs for vertical domain.  Therefore the precoder model should be extended to capture channel characteristics in horizontal, vertical and polarization domains.
Note that high dimension precoding performance is more sensitive to the non ideal factors.  If non-ideal correlated or polarized channel (e.g. leakage) is considered, the inaccurate quantization on channel may result in some loss.  The performance loss for 8Tx may not be significant but it can be a concern for larger number of antenna ports for FD-MIMO since its requirement on CSI accuracy is expected to be higher.  Therefore it may not be good enough to just re-use the same Grid of Beams (GoB) codebook structure for higher number of ports.  
Some enhanced codebook models are studied in [9], in these models we remove some restrictions of 8Tx GoB codebook and kronecker structure between the horizontal and vertical dimensions to obtain higher performance. 
Proposal 6:  16Tx codebook design should be considered and new precoder model should be further studied
Explicit CSI feedback

In Rel-10, explicit CSI feedback has been studied as a feedback candidate along with the current implicit feedback. For FD-MIMO, explicit channel information feedback should not be precluded, especially if up to 64 ports are supported.  Note that the various correlation features are caused by the same sparse channel multipath.  Consequently, an important direction is to study how to decompose the channel and obtain more essential channel information (e.g. path information) in feedback design.  The challenging part of explicit feedback is the feedback overhead for each path which can be very large because of the high precision requirement and lots of various path parameters.  To reduce overhead, we can utilize the channel characteristics.  In most cases, only wideband and long term feedback signaling is needed for most of the parameters, e.g. amplitude, delay, direction. Therefore, the overall overhead may not be too large.  
2.2 CSI feedback based on CSI-RS with partial TXRU to CSI-RS port mapping
If two CSI-RS sets are configured as in Figure 2, UE can measure CSI in horizontal and vertical domain respectively and feeds back CSI of two domains independently. eNodeB will assume that the precoder can be well approximated by the Kronecker Product of correlations in azimuth and elevation dimensions.  This scheme is transparent to UE, but ideal assumption may be only correct in high correlation channel.  Moreover, two separate CSI processes may not directly reflect the post-3D-beamforming RI and CQI. How to enhance the link adaptation performance is studied in our contribution [10].
2.3 CSI feedback based on Beamformed CSI-RS

The precoder matrix W can be decomposed into two parts, W1 and W2. Where W1 represents the long term and wideband channel information, W2 represents the short term and subband channel information. In the current specification, both W1 and W2 are measured based on the non-precoded CSI-RS. If beamformed CSI-RS is introduced, we can use W1 as the precoder of beamformed CSI-RS.  Only low dimension W2 should be fed back to eNodeB.  There are several options of W1 design.
Option 1:  
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In option 1, 
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is an Nt×Nv or Nt×Nh matrix, here Nt denotes the total number of TXRUs, 
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 is a Nh×1 vector. Nh and Nv denote the number of TXRUs in horizontal and vertical domain respectively.  TXRUs in each row or column are mapping to one beamformed CSI-RS port with precoder weight 
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. For option-1, the obvious advantage is current 2/4/8 TX codebook can be reused of W2 feedback, but it cannot fully exploit the potential gain of a 2DAA system with a large number of TXRUs
Option 2:    
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In option 2, 
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is an Nt×M matrix, here Nt denotes the total number of TXRUs, M can be determined by the number of channel paths.  Each column of  
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 can be interpreted as a base vector which reflects the direction of channel path. A new codebook for W2 is needed to fed back weighting coefficient of multiple base vectors.
Option 3:    
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In option 3, 
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is an Nt×M matrix 
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 which is determined by the channel covariance matrix R of  one or multiple UEs. Note that R can be decomposed according to the following equation, thus 
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 can be M eigenvectors corresponding to the largest M eigenvalues of R
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Compared to Option-1, option-2 and 3 has high feedback efficiency, but the overall precoding performance is more sensitive to the accuracy of W1.  Moreover these two options need new M-dimension new codebook design for W2. 
Proposal 7:   Enhancements (Options1-3) of CSI feedback based on beamformed CSI-RS should be considered.
For above three options, eNodeB can determine 
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via channel reciprocity based on SRS. Although it is hard to assume eNodeB can obtain the full precoder matrix W based on channel reciprocity in FDD system, it may be reasonable to assume that the long term and wideband channel information 
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 can be obtained according to the channel covariance matrix of UL. A channel reciprocity modeling for FDD is needed for further study on how to utilize channel reciprocity to obtain a good 
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matrix. In [13], a modeling is proposed, the major assumptions in this model reflect the basic difference between DL and UL channel.  This is a good starting point.

Proposal 8:  Channel reciprocity modeling for FDD should be studied by RAN1
Another method to obtain 
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is via UE feedback based on low density full port CSI-RS. For option-1, only a new vertical codebook is needed, but for option-2 and 3, traditional implicit codebook based approach seems not to be an efficient method. 
4. Conclusion
In this contribution, potential enhancements on CSI-RS and CSI feedback are discussed.  Our proposals are listed as follows:
Proposals for CSI-RS enhancements in Rel-13: 
· Full port CSI-RS configuration should be supported when TXRU number is 16.

· partial bandwidth and lower period of some ports in a CSI-RS resource can be further studied
· further study how to improve performance of partial ports CSI-RS schemes
·  Standardization support of beamformed CSI-RS should be considered
· Aperiodic CSI-RS should be considered as one of the CSI-RS enhancements in Rel-13
Proposals for CSI feedback enhancements in Rel-13: 
· 16Tx codebook design should be considered and new precoder model should be further studied

· Enhancements (Options1-3 in section 2.3) of CSI feedback based on beamformed CSI-RS should be considered
· Channel reciprocity modeling for FDD should be studied by RAN1
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