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1 Introduction
The following areas were identified in the eFD-MIMO WID for further enhancements of FD-MIMO in Rel-14 [1].

· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission
· Beamformed CSI-RS, supporting CSI-RS resource utilization with improved efficiency for UE-specific beamformed CSI-RS including specifying support for aperiodic CSI-RS 
· Evaluate and, if needed, specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation 

In this contribution, we discuss design considerations and candidate design methods associated with CSI-RS design for Class A eFD-MIMO. 
2 CSI-RS Design Considerations 
In LTE Release 13, 12 and 16 port CSI-RS resources are defined by aggregating together pre-Release 13 CSI-RS resources.  The 12-port CSI-RS resource is obtained by aggregating together three legacy 4-port CSI-RS resources, and the 16-port CSI-RS resource is attained by aggregating together two legacy 8-port CSI-RS resources.  Hence, one straightforward way of defining CSI-RS resources for {20, 24, 28, 32} ports in Release 14 is to follow a similar approach and aggregate legacy 4-port and 8-port resources.  For instance, {20, 24, 28, 32} port CSI-RS can be defined as follows:
· 20-port CSI-RS:  aggregate together five legacy 4-port CSI-RS resources in the same subframe
· 24-port CSI-RS:  aggregate together six legacy 4-port or three 8-port CSI-RS resources in the same subframe

· 28-port CSI-RS:  aggregate together seven legacy 4-port CSI-RS resources in the same subframe

· 32-port CSI-RS:  aggregate together four legacy 8-port or eight  4-port CSI-RS resources in the same subframe

With this straightforward design extension, one CSI-RS resource configuration would be available for 24/28/32 ports and two configurations available for 20 ports.  This approach consumes 1 CSI-RS RE/RB/port and can serve as a baseline schemes in evaluating other alternative CSI-RS designs.  The CDM-4 cover code defined in LTE Release-13 can be assumed in the above baseline.
Proposal 1:  The CSI-RS design of straightforwardly aggregating 4-port and 8-port legacy CSI-RS resources with CSI-RS density of 1 RE/RB/port should serve as the baseline when evaluating the performance of other CSI-RS designs for Release 14.
Proposal 2:  The CDM-4 cover code defined in LTE Release 13 is assumed for the baseline scheme with CSI-RS density 1 RE/RB/port.

Although specifying enhancements of ‘{20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission’ is one of the objectives of the eFD-MIMO WID [1], the CSI-RS overhead reductions achievable appear to be small.  The CSI-RS overhead reductions achievable by a design with CSI-RS density 0.5 RE/RB/port over the baseline design with 1 CSI-RS RE/RB/port are quantified in Table 1.  The overhead reduction calculations in Table 1 assume a system with 2 CRS ports, 3 OFDM symbols for PDCCH, and 2 DMRS ports.  As can be seen from the table, the overhead reduction achieved by a reduced density 32-port CSI-RS design with 0.5 RE/RB/port is below 3% for 5 ms CSI-RS periodicity and below 1.5% for 10 ms CSI-RS periodicity.  
Observation 1:  CSI-RS overhead reductions achievable for Class A reduced density CSI-RS designs appear to be small.

Table 1.  Class A CSI-RS overhead reduction with 0.5 RE/RB/port
	Number of CSI-RS Ports
	Class A CSI-RS Periodicity

	
	5 ms
	10 ms

	20
	1.85%
	0.93%

	24
	2.22%
	1.11%

	28
	2.59%
	1.30%

	32
	2.96%
	1.48%


So CSI-RS overhead alone does not give a strong motivation for CSI-RS port density reduction given the possible performance loss associated it. However, there could be other benefits associated with reduced density CSI-RS designs for class A.  One such benefit is increased configuration flexibility for {20, 24, 28, 32} port CSI-RS transmissions.  Using a reduced density CSI-RS design would allow more {20, 24, 28, 32} port CSI-RS resource configurations which will increase configuration flexibility.  A second potential benefit could be reduced eNB transmission power for CSI-RS transmissions.  By transmitting fewer CSI-RS REs per port per RB, the transmission power spent on CSI-RS transmission may potentially be reduced.  A third potential benefit could be reduced CSI-RS to PDSCH interference.  Since CSI-RS is transmitted on fewer REs in reduced density designs, the interference to PDSCH REs colliding with CSI-RS can be reduced.  Hence, these potential advantages should be taken into consideration when designing Class A CSI-RS for {20, 24, 28, 32} ports in LTE Release 14.  Having said that, if these benefits are not too large, the specification impact for these designs should be limited.
Observation 2:  Other potential benefits such as increased CSI-RS configuration flexibility, reduced eNB transmission power for CSI-RS, and reduced CSI-RS to PDSCH interference should be taken into consideration when designing Class A CSI-RS for {20, 24, 28, 32} ports in LTE Release 14.

3 Candidate CSI-RS Design Methods
For LTE Release 14 Class A CSI-RS design, two broad categories of methods can be considered: (1) reduced density CSI-RS designs and (2) dynamic CSI-RS allocation.  These two categories are discussed below.
3.1 Reduced Density CSI-RS

This category of CSI-RS designs can be further subdivided into the following three candidate schemes.

1) Reduced density in frequency domain:  In this scheme, a UE can be configured to measure channels on a subset of CSI-RS ports on one fixed set of PRBs and another subset of antenna ports on a different fixed set of PRBs.  A 32-port example is shown in Figure 1.  In this example, CSI-RS ports 15-30 are transmitted in even PRBs and CSI-RS ports 31-46 are transmitted in odd PRBs.  The potential advantages of these schemes include increased CSI-RS configuration flexibility, reduced eNB transmission power for CSI-RS, and reduced CSI-RS to PDSCH interference.  The disadvantage of this scheme is the possible phase (and amplitude) distortion between CSI-RS ports with increased CSI-RS port separation   in the frequency domain.
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Figure 1.  A 32-port example of reduced density CSI-RS in frequency domain.
2) Measurement restriction in frequency domain: In this scheme, a UE can be requested to measure channels on a subset of PRBs.  The configuration of PRBs is done via frequency domain channel measurement restriction.  An example is shown in Figure 2, where a UE is configured to measure channels on a configured set of PRBs (i.e. PRB 0, PRB 1, PRB 4, PRB 5, …, PRB N-4, PRB, N-3) in a CSI-RS subframe.  Other ways of partitioning the bandwidth are also possible for measurement restriction.  Hence, this scheme provides a means to vary the CSI-RS RE density via measurement restriction.  The potential advantages of these schemes include increased CSI-RS configuration flexibility, reduced eNB transmission power for CSI-RS, and reduced CSI-RS to PDSCH interference.  
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Figure 2.  An example of measurement restriction in frequency domain.
3) CSI-RS port decimation:  In this scheme, a UE can be requested to measure and report CSI based on only a subset of the total number of CSI-RS ports.  CSI corresponding to different subset of CSI-RS ports can be measured and reported on different CSI-RS subframes.  The potential advantages of this scheme are similar to the previous two schemes.  A major challenge with this scheme is how a UE should estimate CSI based on the partial CSI-RS ports and how the eNB should combine the CSI reports measured on different subset of CSI-RS ports.  Furthermore, if the CSI corresponding to different subset of CSI-RS ports are measured/reported on different CSI-RS subframes, the reported CSI may be adversely affected by frequency drift/Doppler over the subframes.  Also, since beamformed CSI-RS can allow more accurate CSI, Hybrid CSI reporting schemes can be an alternative that can avoid the challenges of CSI-RS port decimation.  
3.2 Dynamic CSI-RS allocation

In this scheme, CSI-RS transmissions are dynamically scheduled and are not part of the regular semi-statistically configured periodic CSI-RS subframes.  One of the benefits of dynamically scheduled CSI-RS is that CSI-RS does not need to be transmitted periodically all the time as in existing LTE systems; CSI-RS is transmitted only when eNB has downlink data to transmit to a UE or a group of UEs.  This can potentially reduce CSI-RS resource overhead and interference and save eNB power.  In addition, it is more flexible and can potentially support CSI feedback with different granularities and different reporting types. 
Observation 3:  For LTE Release 14 Class A CSI-RS design, the following candidate schemes can be evaluated:

· Reduced density CSI-RS Schemes

1) Reduced density in frequency domain

2) Measurement restriction in frequency domain

3) CSI-RS port decimation

· Dynamic CSI-RS Allocation
Given the different candidate schemes for Release 14 Class A CSI-RS design, careful performance evaluations are needed in order to compare the different schemes. Only the schemes that yield the maximal benefit should be specified and duplicate specification effort should be minimized.

Observation 4:  Reduced density CSI-RS design, Hybrid CSI Reporting, and Dynamic CSI-RS Allocation  all reduce overhead.

Proposal 3:  Standardization effort on CSI-RS designs should be in line with the amount of benefit and duplicate specification effort should be minimized.

4 Conclusion

In this contribution, we have discussed design considerations and candidate design methods for CSI-RS design for Class A eFD-MIMO.  Based on the discussion, we have the following observations and proposals:
Observation 1:  CSI-RS overhead reductions achievable for Class A reduced density CSI-RS designs appear small.
Observation 2:  Other potential benefits such as increased CSI-RS configuration flexibility, reduced eNB transmission power for CSI-RS, and reduced CSI-RS to PDSCH interference should be taken into consideration when designing Class A CSI-RS for {20, 24, 28, 32} ports in LTE Release 14.

Observation 3:  For LTE Release 14 Class A CSI-RS design, the following candidate schemes can be evaluated:

· Reduced density CSI-RS Schemes

1) Reduced density in frequency domain

2) Measurement restriction in frequency domain

3) CSI-RS port decimation

· Dynamic CSI-RS Allocation
Observation 4:  Reduced density CSI-RS design, Hybrid CSI Reporting, and Dynamic CSI-RS Allocation all reduce overhead.
Proposal 1:  The CSI-RS design of straightforwardly aggregating 4-port and 8-port legacy CSI-RS resources with CSI-RS density of 1 RE/RB/port should serve as the baseline when evaluating the performance of reduced density CSI-RS designs in Release 14.
Proposal 2:  The CDM-4 cover code as defined in LTE Release 13 is assumed for the baseline scheme with CSI-RS density 1 RE/RB/port.
Proposal 3:  Standardization effort on CSI-RS designs should be in line with the amount of benefit and duplicate specification effort should be minimized.
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