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1. Introduction

In RAN#68 meeting, work item for FD-MIMO has been agreed and regarding CSI feedback enhancement the following objective is captured in WID [1]:

· 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. 

· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports
Regarding beamformed CSI-RS enhancements, identified approaches for allocating beamformed CSI-RS resource(s) are captured in TR36.897 [2]:
-
Approach 1, UE-specific beamforming on configured CSI-RS resource: In this approach, a serving eNB may dynamically change the beamforming weights applied on a NZP CSI-RS resource configured to a UE. To ensure that the UE resets the start time of a CSI measurement window when beamforming change occurs, the UE may explicitly or implicitly receive an indication from the eNB. Alternatively, the UE may be configured to always limit its NZP CSI-RS measurement window (e.g. to 1 subframe). An interference measurement window may also be used for CSI-IM measurements. Measurement resource restriction, for either or both of CSI-IM and CSI-RS, may apply in the frequency domain as well. 
-
Approach 2, CSI-RS resource change for channel measurement: In this approach, a UE is configured with M(>1) NZP CSI-RS resources. From those M resources, the eNB selects N (>=1) resource(s) for a CSI process and signals the selected resources to the UE. Alternatively, UE reports N selected CSI-RS resource indices out of M configured CSI-RS resources. 
-
Approach 3, Aperiodic beamformed CSI-RS: In this approach, a UE is configured with a CSI process on which the actual NZP CSI-RS transmission and CSI-IM measurement instances are controlled by eNB and signaled to the UE.  The measurement window can be configured by higher-layer signaling.

In this contribution, we discuss enhancements on beamformed CSI-RS based CSI reporting and potential specification impacts for each identified approach.

2. Discussion 
2.1. Approach 1: Dedicated CSI-RS resource per UE
Approach 1 considers UE-dedicated beamformed CSI-RS resource allocation for each UE in a cell. Specifically, whenever a UE moves from RRC-idle state to RRC-connected state, the UE is to be configured with a new dedicated CSI-RS resource which is not currently configured to and measured by the other UEs in the cell. Therefore, a demerit of this approach would be that CSI-RS overhead will be linearly increased as the number of active UEs in a cell increases. On the other hand, the merit of this approach is that the serving eNB can dynamically change the beamforming weights applied on the dedicated CSI-RS resource configured to a UE, so that the beamforming weights can be determined by the eNB with unlimited beamforming resolution and granularity as long as the eNB can properly obtain the corresponding channel information to be used for determining the weights.

In general, Approach 1 considers one dedicated CSI-RS resource configured per UE, where the dedicated CSI-RS resource is applied with channel-adaptive beamforming coefficients targeting the UE by eNB implementation. By measuring the beamformed CSI-RS, the UE can perform just a legacy CSI reporting based on one of legacy CSI feedback modes with corresponding legacy report types. Therefore, for operating Approach 1, no specification enhancements seem needed regarding relevant CSI reporting modes and types, as long as the UE-dedicated beamformed CSI-RS configuration is one of legacy NZP CSI-RS resources with 1, 2, 4, or 8 ports.
Observation 1: For Approach 1 using UE-dedicated beamformed CSI-RS resource, no specification enhancements seem needed regarding relevant CSI reporting modes and types, as long as the UE-dedicated CSI-RS configuration is one of legacy NZP CSI-RS resources.
2.2. Approach 2: Selection among multiple configured CSI-RS resources
In Approach 2, a UE is configured with M(>1) NZP CSI-RS resources, each applied with different beamforming weights. Out of the M configured CSI-RS resources for the UE, there can be two further different approaches in order to down-select N CSI-RS resources to be used for CSI measurement within the CSI process:

· Approach 2-1: From those M resources, the eNB selects N (>=1) resource(s) for a CSI process and signals the selected resources to the UE.
· This eNB indication can be L1 or L2 signaling so as to avoid RRC reconfiguration of CSI-RS resources, i.e., RRC reconfiguration only occurs when the candidate M resources need to be changed.

· This eNB indication may occur in relatively longer periodicity, where eNB may perform such down-selection of N resources, based on UE’s CSI-RSRP reports, channel reciprocity, or hybrid schemes using low-duty-cycle non-precoded CSI-RS.

· Approach 2-2: From those M resources, the UE reports N selected CSI-RS resource indices.
· This UE indication is accommodated in corresponding CSI reporting, e.g., by resource index(es) feedback or selection codebook. So, in the same way, RRC reconfiguration only occurs when the candidate M resources need to be changed.

· This UE indication may be accommodated in short-term feedback component.

Regarding Approach 2-1, if eNB intends to always indicate N=1 selected resource out of M candidate CSI-RS resources, no specification enhancements are needed regarding relevant CSI reporting modes and types, similarly to the case of Approach 1, since UE just follows legacy CSI reporting procedures based on the indicated N=1 legacy NZP CSI-RS resource with 1, 2, 4, or 8 ports.

If eNB intends to indicate N>1 selected resources for Approach 2-1, in this case, UE should report N sets of {RI, PMI, CQI}, each derived per selected CSI-RS resource. Therefore, this has an impact on CSI reporting per CSI process, where the reporting payload size can be varying according to the indicated N.

Regarding Approach 2-2, the following CSI reporting enhancements are required, including a new report type of beam selection indicator, or equivalently a new type of additional PMI based on a selection codebook. For improved performance and considering future extension with increasing UE Rx antennas, we propose the following UE’s CSI feedback procedure which can be regarded as partial KP or “column-wise KP”. The proposed feedback procedure can be comprised with the following two parts:
· Part 1: NZP CSI-RS resource selection feedback based on corresponding selection codebook.
· Part 2: Horizontal short-term CSI feedback based on existing constant-modulus codebook.
Periodicity of Part 1 vertical beam selection feedback can be relatively long, compared to that of Part 2 existing horizontal feedback. CQI feedback is only carried by Part 2 existing feedback.

Regarding RI and PMI feedback, UE calculates and reports FD-MIMO composite precoder 
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is selected by the selection codebook, and 
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 is selected by the existing constant-modulus codebook. 
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, representing how many NZP CSI-RS resources are selected by UE. 
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is a selection vector, representing the selected r-th NZP CSI-RS resource. 
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corresponds to an existing horizontal precoding matrix which is selected on the CSI-RS ports only within the r-th selected NZP CSI-RS resource.
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Hence, the total rank is the summation of each horizontal rank 
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derived per selected r-th NZP CSI-RS resource.
Proposal 1: New feedback types for beamformed CSI-RS resource selection reports as well as partial KP feedback components need to be supported for Approach 2.
2.3. Approach 3: Aperiodic beamformed CSI-RS transmission
Another approach to support channel measurement for FD-MIMO is introducing aperiodic CSI-RS transmission. Contrary to the current periodic NZP CSI-RS transmission, Approach 3 involves NZP CSI-RS transmission which is not periodic-base. This aperiodic CSI-RS can be transmitted only when required, so that it results in CSI-RS overhead reduction. Detailed descriptions and related discussions are found in our companion contribution [3].

Since aperiodic beamformed CSI-RS is transmitted only when required, it would be natural to report the corresponding CSI via aperiodic CSI reporting. Therefore, similarly for Approach 1, no specification enhancements seem needed regarding relevant aperiodic CSI reporting modes and types for Approach 3, as long as the beamformed CSI-RS configuration is one of legacy NZP CSI-RS resources with 1, 2, 4, or 8 ports.

Observation 2: For Approach 3 based on aperiodic beamformed CSI-RS transmissions, no specification enhancements seem needed regarding relevant CSI reporting modes and types, as long as the UE-dedicated CSI-RS configuration is one of legacy NZP CSI-RS resources.
For further investigations, if an explicit indication on aperiodic CSI-RS transmission instance is separately given in order to provide additional flexibility to the aperiodic CSI-RS transmission, reference resource for the CSI estimation needs to be specified, since the subframe that UE receive the aperiodic CSI request and the subframe that UE is indicated to measure aperiodic CSI-RS may be different. In this case, when UE is triggered to report aperiodic CSI feedback, the reference resource may not be the subframe where the aperiodic CSI request is received, but the subframe that UE is indicated to measure aperiodic CSI-RS.
Proposal 2: Reference resource according to an explicit indication on aperiodic CSI-RS transmission instance needs to be further studied, in order to provide additional network flexibility in aperiodic CSI-RS transmissions.
3. Conclusion
In this contribution, we discussed enhancements on beamformed CSI-RS-based schemes for supporting FD-MIMO. The observations and proposals based on the discussion are given as follow:
Observation 1: For Approach 1 using UE-dedicated beamformed CSI-RS resource, no specification enhancements seem needed regarding relevant CSI reporting modes and types, as long as the UE-dedicated CSI-RS configuration is one of legacy NZP CSI-RS resources.
Proposal 1: New feedback types for beamformed CSI-RS resource selection reports as well as partial KP feedback components need to be supported for Approach 2.

Observation 2: For Approach 3 based on aperiodic beamformed CSI-RS transmissions, no specification enhancements seem needed regarding relevant CSI reporting modes and types, as long as the UE-dedicated CSI-RS configuration is one of legacy NZP CSI-RS resources.
Proposal 2: Reference resource according to an explicit indication on aperiodic CSI-RS transmission instance needs to be further studied, in order to provide additional network flexibility in aperiodic CSI-RS transmissions.
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