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6
Potential enhancements for elevation beamforming/FD-MIMO
Editor’s note: This section will capture the potential enhancements
6.2
Specification enhancement schemes

6.2.1
Potential CSI-RS and feedback enhancements
6.2.1.1 Enhancements related to beamformed CSI-RS-based schemes
This category comprises schemes where (at least at a given time/frequency) CSI-RS ports have narrow beam widths and hence not cell wide coverage, and (at least from the eNB perspective) at least some CSI-RS port-resource combinations have different beam directions. In this category, some potential specification enhancements may include one or more of the following:

· Measuring one or multiple beamformed CSI-RS resources. A resource can be a NZP CSI-RS resource, CSI-RS port(s), a CSI process, or a DRS

· Indicating selection of one or multiple resource(s)

· CSI reporting, such as CQI and/or PMI(s)/RI(s), associated with the selected resource(s)

· Enhancements of the definition of CSI process, CSI-RS resource, CSI, and/or DRS over Rel.12, possibly including where the enhanced definitions are used in the other enhancements above

To implement such schemes, a serving eNB can determine at least a part of beamforming weights from measuring UL signal(s) (applicable when DL-UL duplex distance is sufficiently small to allow reciprocity) or beamformed DRS measurements which are reported by one or more UEs. 
Several examples of schemes which fall under this category can be described as follows. 

Scheme 1: In this scheme, a UE is configured with a single CSI process and a single NZP CSI-RS resource. CSI reporting is performed according to one of the following alternatives:

· Selection of one or more beams along with quantized co-phasing between two polarization groups  
· Quantized co-phasing between two dual polarized ports without beam selection. This alternative applies when a UE is configured with only one beam.

· Weighted linear combination of beams and quantized co-phasing between two polarization groups
· Selection of one or more beams per layer and/or per polarization in conjunction with quantized co-phasing between two polarization groups
· Reporting PMI(s) corresponding to the selected vertical beam(s) along with the horizontal precoder within the selected beam(s) 
· Reporting PMI(s) corresponding to a codebook that may have non-constant modulus elements 

In an exemplary scheme, beams may be dynamic and UE-specific. 

Scheme 2: In this scheme, similar to scheme 1, a UE is also configured with a single CSI process and a single NZP CSI-RS resource. In addition, this example is characterized by UE port selection. That is, a UE’s CSI report is associated with a port selection. For instance, an index representing selection of port or a subset of ports, RI/CQI, or PMI/RI/CQI based on a selected subset of ports can be reported. In this example, different ports belonging to the NZP CSI-RS resource may be beamformed differently.  

Scheme 3: In this scheme, a UE is configured with a single CSI process and multiple NZP CSI-RS resources. 

One alternative of this scheme performs selection of only one CSI-RS resource along with its associated reporting.  In this case, multiple beamformed NZP CSI-RS resources are measured by a UE. Then the UE reports a beam index (BI) of a single UE-preferred NZP CSI-RS resource along with a report of CSI, such as PMI/RI/CQI, based on the preferred NZP CSI-RS resource.
Another alternative of this scheme performs selection of one or more CSI-RS resources along with its associated reporting. This alternative is the same as the first one except that the UE reports an indicator (for instance, BIs or a bitmap) which select one or more beamformed NZP CSI-RS resources. The number of selected resources can dynamically change. The UE also reports CSI, such as PMI(s)/RI(s)/CQI, based on selected NZP CSI-RS resource(s) including either separate RI/PMI per NZP CSI-RS resource or a single CSI report for all the selected NZP CSI-RS resource(s).  

Scheme 4:  In this scheme, a UE is configured with multiple CSI processes with a single NZP CSI-RS resource for each CSI process. The UE selects one or more CSI processes and reports the associated CSI. Having been configured with multiple CSI processes, the UE selects one or more CSI processes based on its measurement on those CSI processes. CSI, such as CQI(s)/PMI(s)/RI(s), associated with the selected CSI process(es) along with an index (or indices) of the selected CSI process(es) is signaled.

Scheme 5: In this scheme, a two-step process which consists of DRS selection and CSI-RS resource selection, along with their associated CSI reporting, is utilized. A UE measures multiple beamformed DRSs and reports a DRS index (DI) or, alternatively, a CSI-RSRP associated with the preferred DRS(s). Then a beamformed CSI-RS resource is UE-specifically configured based on the reported DI or CSI-RSRP. Based on this configured beamformed CSI-RS resource, a report of CSI, such as RI/PMI/CQI, is signaled.   

6.2.1.2
Enhancements related to non-precoded CSI-RS-based schemes
This category comprises schemes where different CSI-RS ports have the same wide beam width and direction and hence generally cell wide coverage. In this category, a CSI reporting scheme is associated with at least two components: codebook(s) for the purpose of PMI reporting of 2-D antenna arrays and its associated CSI reporting modes. Each precoding matrix or vector within a codebook for CSI reporting can be described as W = W1W2 where W is used as a downlink transmission hypothesis for CSI calculation at a UE. For this dual-stage precoding structure, a potential specification enhancement on CSI reporting consists of the following CSI parameters:

· PMI(s) corresponding to W1 and/or W2. Here one or multiple PMIs, such as H-PMI (horizontal dimension) and V-PMI (vertical dimension), are reported for W1 and W2, respectively. If multiple PMIs are reported, different reporting rates and/or granularities for different PMIs may or may not be used, and each of these PMIs can be reported either periodically or aperiodically.  

· RI: a single RI or multiple RIs

· CQI

Several examples of hypothesized precoding matrix structure of the above scheme can be described as follows. 

Scheme 1, Kronecker Product (KP) type codebook: In this example, the precoding matrix W is extended from Rel.10/12 to support 2-D array where W1 can be described as follows: 
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Here ( denotes the Kronecker product and the two sub-matrices represent two polarization groups. The columns of 
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 are taken from a DFT matrix. A precoding codebook associated with W2 can follow one the following alternative designs:

· The precoding matrix or vector W2 corresponds to a quantized co-phasing between two polarization groups in W1 and may also include column selection from W1. 
· The precoding matrix or vector W2 performs linear transformation to W1 per polarization, which may include beam selection, weighted linear combination of beams. 
· The precoding matrix or vector W2 performs distinct selection of beams per layer and/or per polarization, and quantized co-phasing between two polarization groups.
Scheme 2: This scheme follows scheme 1 yet with a further constraint of 
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 to W1. That is, the two sub-matrices of W1 are identical.
Scheme 3: The codebook associated with W1 contains only the identity matrix. In this case, the associated PMI(s) correspond to recommendation(s) of W2 . In addition, RI, and CQI conditioned on precoding matrix hypothesis W are reported.

Scheme 4: The precoding matrix or vector W1 performs selection of antenna ports.
Scheme 5: The precoding matrix or vector W1 has the structure of 
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, where 
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denotes a column selection operation which selects either all or a subset of the columns in 
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). The operator ( denotes the Kronecker product and the two sub-matrices represent two polarization groups. Each column of 
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 is taken from a DFT matrix. A precoding codebook associated with W2 can follow that in Scheme 1.

6.2.1.3
Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS
…
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