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1. Introduction
In EB/FD-MIMO Study Item, 3GPP studied performance of potential feedback enhancements based on non-precoded CSI-RS, beamformed CSI-RS, and hybrid CSI-RS. These schemes demonstrate significant throughput gain in realistic non-full buffer traffic models in many scenarios[1]. In RAN#68, the WID [1] on EBF/FD-MIMO has been approved for specifying the identified enhancements.   The objectives related to CSI-RS and CSI feedback enhancement are list below:
· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping
· Beamformed CSI-RS

· Specify enhancements on CSI reporting in the following areas [RAN1]

· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 

· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports

In this contribution, we discuss the definitions of CSI process and CSI-RS resource for supporting enhanced CSI-RS and CSI feedback schemes.
2. Enhanced CSI measurement and feedback Schemes for beamformed/hybrid CSI-RS 
In addition to non-precoded CSI-RS based schemes,  beamformed CSI-RS based schemes and hybrid CSI-RS based schemes were studied in the Study Item.  These schemes are more flexible to support large number of TXRUs.  It has higher flexibility on measurement and feedback and potentially has better efficiency.   In this section, CSI schemes for beamformed CSI-RS based schemes and hybrid CSI-RS based schemes are discussed
· Scheme A:  A UE feeds back co-phasing between two polarizations based on the 2-ports beamformed CSI-RS configured by an eNB
The eNB configures 2 beamformed CSI-RS ports, each corresponding to a beam applied to each of the two polarizations.  Therefore, the UE only feeds back co-phasing between two polarizations without beam selection.  In this scenario,  per polarization CSI (and hence per polarization beam) is usually obtained by channel reciprocity without co-phasing information.  This case includes TDD scenarios and FDD scenarios when the channel reciprocity can be used.  The co-phasing information often requires short term and subband CSI.  In additional to PMI, RI and CQI information are based on these 2 ports.   Since the channel coming from two ports would give limited channel dimension, it may affect the robustness of CSI feedback if the beams are not accurate.  This will affect accuracy of CSI especially the rank and PMI.  Separate selection of beam (at eNB) and co-phasing (at UE) may affect the accuracy of matching the channel as joint selection can't be used.  Also, higher rank may not always come from dual polarization.   
· Scheme B: A UE feeds back beam selection or weighted linear combination with co-phasing between two polarizations based on 2L-ports Beamformed CSI-RS configured by UE
Scheme B1 :  A UE selects one or more beams with co-phasing between two polarizations
The eNB configures CSI-RS resources for generating L beams per polarization as shown in Figure 1.  Each CSI-RS port corresponds to one beam.  Therefore, there are 2L ports for dual polarization.  The UE can select NB  beams from L beams per polarization and feeds back co-phasing between two polarizations along with the selected beams.  L beams can correspond to L DFT beams or L strongest eigenvectors.   The eNB can configure UEs L beams according to the multi-ray distribution which can be obtained by channel reciprocity or CSI-RSPR reports based on DRS.   As shown in Figure 1, the UE can select one or more beams per layer and/or per polarization in conjunction with quantized co-phasing between two polarization groups. 

[image: image1.emf]V

i

V

i

α

V

i

-α

V

i

V

i

α

V

i

V

i

V

i

α

V

j

β

V

j

V

i

α

V

j

V

i

V

j

α

V

i

-α

V

j

W=

W=

W=


Figure 1： Beam selection in conjunction with quantized co-phasing information
Scheme B2: A UE feeds back multiple beams and performs weighted linear combination of these beams together with co-phasing between two polarizations 
This scheme is similar to scheme B1.  The only difference is that the UE performs weighted linear combination of selected beams on each polarization as illustrated in Figure 2.  Compared to scheme B1, combination of beams can match the channel better.  
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Figure  2： Weighted linear combination of beams and quantized co-phasing information
· Scheme C: A UE selects one of the K-ports beamformed CSI-RS out of L beamformed CSI-RS resources configured by an eNB.  The UE feeds back the CSI based on the selected beamformed CSI-RS
The eNB configures L beams with each beam represented by a group of K CSI-RS ports.   The beam can correspond to vertical beam or horizontal beam or 2D beam.   The UE selects one beam and feeds back CSI based on the selected K CSI-RS ports group.   Figure 3 shows the case when each of 4 vertical beams is formed at a group of 4 CSI-RS ports.
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Figure 3： Virtual cell selection in conjunction with RI/PMI/CQI corresponding to the virtual cell

· Scheme D:  A UE selects K beams out of L beams formed by L beamformed CSI-RS ports configured by an eNB.    The UE is then feeds back CSI based on the selected port subset of the K beams.   
The eNB configures L beamformed CSI-RS ports corresponding to the L strongest eigenvectors obtained from the channel covariance matrix R.  R can be obtained from channel reciprocity.  The UE is then feeds back CSI based on the selected port subset corresponding to the K selected beams as shown in Figure 4.   This method equivalently does the weighted combination of selected beams under the subspace of channel covariance matrix R.  Existing codebooks can be applied to the selected ports.  However, existing codebooks are constant modulus codebooks which only have phase information.  Amplitude information can be introduced on top of the codebook to perform more accurate weighted combination as proposed in [3].  
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Figure 4： Port set selection conjunction with RI/PMI/CQI corresponding to the selected port set
· Scheme E:  Hybrid scheme - A UE feeds back CSI based on a non-precoded CSI-RS configured by an eNB.  The eNB then configures the UE beamformed CSI-RS based on the CSI feedback.  The UE feeds back anther CSI based on the beamformed CSI-RS.

As described in [1], there are two schemes of hybrid beamformed CSI-RS and non-precoded CSI-RS scheme.  Scheme E1 -  UE reports CSI measured on non-precoded CSI-RS. In response to this first-stage CSI reporting, a UE is configured with a beamformed CSI-RS resource. Then CSI reporting procedures associated with beamformed CSI-RS follow.  
Scheme E2 - A UE reports RI measured on non-precoded CSI-RS. In response to the reported RI, a UE is configured with a beamformed CSI-RS resource. For this operation, an additional CSI measurement which is conditioned on the availability of DL-UL channel reciprocity is needed at the serving eNB. Then CSI reporting procedures associated with beamformed CSI-RS follow.
3. Definitions of CSI-RS resource and CSI process
In this section, we discuss the specification impact on the definition of CSI-RS resource and CSI process to support   beamformed CSI-RS based schemes and hybrid based schemes discussed in section 2.  In [1],  one of the potential specification enhancements related to beamformed CSI-RS based schemes is 

-
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

Here we consider four options to define the resource with the same beam in four different levels.   The impact on the definitions of CSI-RS resource and CSI process are discussed.
Option 1-  Subframe level

In this option, same beam is applied in the same subframe of a NZP CSI-RS resource.  Different beams can be applied in different subframes.  i.e. a serving eNB may dynamically change (in subframe level) the beamforming weights applied on a NZP CSI-RS resource configured to a UE.    

This option does not need to change the definition of CSI-RS resource or CSI process.  The specification impact is defining the CSI measurement window so that the UE does not average channel information across multiple beams to calculate a CSI.  This option has low specification impact.  However, this limits the number of beams measured simultaneously.   For example, it would be hard to support scheme B described in section 2 when the number of beams is large.  Large time delay is introduced to complete measurement on all the beams.   Since the number of ports of a NZP CSI-RS resource is the same in different subframes, it is also hard to support scheme E which requires different number ports for non-precoded CSI-RS and beamformed CSI-RS.   This can't be done unless a change on CSI-RS definition is made to support the possibility of having different number of ports in different subframes.
Option 2-  Port level

In this option, same beam is applied in the same group of ports.  Different beams can be applied in different groups of ports.  The extreme case is to have one port in each group i.e. one beam corresponds to one port.   Configuration of port grouping can be introduced in the specification.  e.g. To support beam selection scheme like scheme C with port-level beam, the UE needs to feed back the selected port group.   Port grouping can be configured to the UE before the feedback.  The configuration of port grouping can be done along with the NZP CSI-RS resource configuration.     
This option is flexible to support many beams when each beam requires small number of ports.  e.g. A 16 port NZP CSI-RS resource can support 16 beams.   The finest granularity per beam is 1RE per PRB.  However, it is hard to support hybrid scheme E with this option.   

Option 3-  CSI-RS resource level

In this option, same beam is applied in the same CSI-RS resource. Multiple CSI-RS resources are configured to support multiple beams.  Different beams can be applied in different CSI-RS resources.    Beam selection is done in the resource level by reporting the resource index.   This scheme can also support hybrid scheme E as two NZP CSI-RS resources can be configured to support non-precoded CSI-RS and beamformed CSI-RS simultaneously.   To support this option,  a change on definition of CSI process can be made to include multiple NZP CSI-RS resources in one CSI process.   Also, maximum number of NZP resource configured to a UE can be changed to allow more beams (rather than 3 for CoMP).
This option is flexible to support large number of beams.  The maximum of 16 ports can be supported for each beam.  However, the finest granularity per beam requires 2REs per PRB.
Option 4-  CSI process level

In this option, same beam is applied in the same CSI process . Multiple CSI processes are configured to support multiple beams.  Different beams can be applied in different CSI processes.   The current understanding on CSI process is to have individual CSI feedback for each CSI process.  However, to support beam selection with multiple CSI processes, only the CSI associated with the selected process (i.e. selected beam)  is reported.  This changes the current understanding on the CSI process.   Moreover, the current CSI process can be associated with both periodic and aperiodic CSI feedback.   If aperiodic CSI-RS is introduced,  only aperiodic CSI feedback can be support for the CSI process associated with the aperiodic CSI-RS.  
This option is not flexible to support many beams.  The UE needs to have high capability to support multiple CSI processes in order to support multiple beams.  This changes the individual CSI feedback concept in CoMP.   
Based on the analysis above, Option 2 and Option 3 are the good choices to support beamformed CSI-RS based schemes.   Combination of Option 2 and Option 3 can be considered.   Therefore, we have the following proposal:
Proposal 1:  Option 2 (port level) and Option 3 (CSI-RS resource level) are supported.

In order to support option 3, it should be allowed that multiple NZP CSI-RS resources are included in one CSI process.   Therefore, we have the following proposal:

Proposal 2:  Extend the CSI process definition to support multiple NZP CSI-RS resources in one CSI process.

4. Conclusion
In this contribution, CSI schemes for beamformed CSI-RS and hybrid CSI-RS are first discussed.  Then the options of supporting beamformed CSI-RS resources are discussed.   The potential changes on CSI process and CSI resources definitions are identified and analyzed for each of these options.   Based  on the analysis, we have the following two proposals:
Proposal 1:  Option 2 (port level) and Option 3 (CSI-RS resource level) are supported.

Proposal 2:  Extend the CSI process definition to support multiple NZP CSI-RS resources in one CSI process.
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