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1. Introduction
In RAN #65, the SI “Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE” was approved, and in RAN1 #80 meeting, the Phase 2 baselines categorized as below [1].

	Agreement:
· Following four categories of baseline (a.k.a. implementation based enhancement) schemes are captured in TR 36.897 based on RAN1#80 contributions: 
· Category 1: Sectorization (in one or both of vertical and horizontal domains) with different cell-ID for each sector
· Category 2: Virtual sectorization using one or more beamformed CSI-RS resource(s) with a single cell-ID (single sector as a special case)
· Category 3: Kronecker precoding with 2 CSI processes
· Category 4: SRS based precoding scheme in TDD



The following agreements are made. The high level categories are characterized to proceed the further discussions, and the number of CSI-RS ports are prioritized 

	Offline agreement confirmed as agreements:
“High level categories” (sections for the TR) agreed in principle: 
Potential CSI-RS and feedback enhancements
· Enhancements related to beamformed CSI-RS-based schemes
· Enhancements related to non-precoded CSI-RS-based schemes
· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS
· Enhancements related to non-codebook based CSI reporting for TDD
· Enhancements related to SRS

Agreements:
· Potential CSI-RS enhancements related to the number of NZP CSI-RS ports for further evaluation (to be captured in the TR):
· For non-precoded CSI-RS, prioritize on antenna port number per CSI-RS resource of 16, 32, 64 for performance evaluations
· Note: It is not a prioritization of CSI feedback scheme and CSI feedback scheme of 2, 4, 8 CSI-RS ports can be considered 
· Increasing the maximum number of NZP CSI-RS ports (>8) for >8 TXRUs per CSI process
· Number of non-precoded CSI-RS ports per CSI-RS resource which is a multiple of 2, e.g. 10
· Note: one CSI-RS port may be mapped onto one or more than one TXRUs
· Note: Another constraint given by SID is the number of TXRUs equals to 8, 16, 32, 64
Number of beamformed CSI-RS ports per CSI-RS resource can be flexible



In this contribution, we discuss the Category 2 and Category 3 in CSI feedback context. In other companion contribution, we consider the case where the number of CSI-RS ports per CSI-RS resource is greater than 8 [2].


1. Discussion 
For a URA {M, N, P, Q} of Q ≤ 8, the maximum number of CSI-RS ports per resource are less than or equal to 8. In this case, though some companies already provided the 2D PMI codebook, we can reuse the Rel-8/10/12 codebooks that are available already but with the degraded performance. For URAs of Q>8, we had a discussion at the last meeting #80 and {16, 32, 64} CSI-RS ports per CSI-RS resources are prioritized for non-precoded CSI-RS scenario. 
In the case of beamformed CSI-RS, it is natural to confine the maximum number of CSI-RS ports per CSI-RS resources as 8. On the other hand, in order to support such large number of CSI-RS ports, we need to define additional PMI codebook to capture the characteristics of the URA and the appropriate CSI reference resource should be modified to derive appropriate PMI/RI/CQI. In order to avoid not to increase CSI-RS overhead too much, it is good to consider the Kronecker product based PMI codebook and CSI feedback.
1. Beamformed CSI-RS scenario
The beamformed CSI-RS is an important scenario for reducing overhead of CSI-RS and/or CSI feedback. Each CSI-RS resource is beamformed by digital or analog virtualization, from which multiple vertical beams are generated. Each vertical beam can make a virtual cell, and overall operation can be similar to what can be expected in case of using vertical sectorization. In order to maximize EBF gains, we can increase the number of different transmit CSI-RS resource using more CSI-RS antenna ports, or using the same CSI-RS antenna ports with time-adaptive virtualizations.
In this case, a desirable CSI feedback scheme is to apply a beam selection method for vCSI report. For example, UE can measure hPMI, hRI, and CQI for each beamformed CSI-RS resource, and reports the best beam index which provides the largest CQI. Note that differently beamformed CSI-RS resources may give a UE different received power, and that the existing codebook can be reused for determining hPMI. If larger dimension of CSI report is required for more effective beamforming, UE may report multiple CSI-RS resource indices, i.e., the best M CSI-RS resource indices and their respective hPMIs. Considering that vCSI varies more slowly than hCSI, the CSI-RS resource index reporting can be less frequent than hCSI reporting.
Proposal: In the beamformed CSI-RS scenario, separate vCSI/hCSI report can be considered where vCSI includes selected CSI-RS resource index(es).
For legacy UE support, multiple CSI processes can be used. In the current specification, the maximum number of NZP CSI-RS resource configuration for TM 10 is 3. Thus, Rel-11/12 UE can receive up to 3 differently beamformed CSI-RS resources in the vertical domain by configured multiple CSI processes. Comparing the collected CQIs reported from each CSI process, the eNB can choose the best CSI-RS resource that has the best CQI (or nominal capacity) and performs link adaptation using the CSI corresponding to the CSI process associated with the selected CSI-RS resource.
1. Non-precoded CSI-RS scenario
If non-precoded CSI-RS scenario is considered, then it is desirable that the CSI-RS transmission overhead is reduced. In the most notable Kronecker product based scheme, the serving cell may transmit hCSI-RS and vCSI-RS using different CSI-RS resources for the chosen row and the chosen column in the URA, respectively. The required number of CSI-RS antenna ports are reduced from Q to M+N (or 2M+2N) if a URA (M, N, P, Q) is used. Then, UE measures vCSI-RS and hCSI-RS to derive CSI reports. The considered CSI reports can capture either all vCSI/hCSI altogether, or vCSI/hCSI separately.
[bookmark: _GoBack]If a single CSI report captures both hCSI and vCSI (i.e., joint CSI) and if the legacy CSI report structure is reused, then the PMI codebook will be either a new 2D PMI codebook or a collection of legacy 1D PMI codebooks. In the former case, the new 2D PMI codebook (to be further studied in this case) will effectively have less resolution in both hCSI and vCSI. Similarly, in the latter case, appropriate 1D PMI codebook subsampling or codebook subset restriction can be applied to keep the similar payload especially for a periodic CSI report. In either way, the PMI codebook resolution will be reduced if the single legacy CSI report is employed.
Observation: Single legacy CSI report will reduce the PMI codebook resolution for EBF.
Instead, we can consider the separate CSI report. Regardless of whether the serving cell transmits joint CSI-RS or separate vCSI-RS/hCSI-RS, UE can generate two distinct CSI reports, i.e., one for vCSI and the other one for hCSI. Additionally, UE may provide the co-phase information to the serving cell in order to couple vCSI and hCSI. Then the serving cell collects vCSI report/hCSI report (and co-phase terms if available) to estimate joint CSI. If vertical spatial correlation gets higher, then this approximation becomes more accurate.
If we introduce an additional CSI feedback, then it requires standard changes such as how to measure vPMI, hPMI, RI, CQI, and selected subbands and how to report them. Moreover, the number of CSI processes and CSI reporting resources such as PUCCH/PUSCH need to be taken into account.
1. Single CSI process based enhancement
By separate vCSI/hCSI report, we can reuse the legacy PUCCH/PUSCH resources for CSI report. The separate vCSI/hCSI reports may increase the feedback overhead compared to the joint CSI report, but the overhead can be diminished if the UE performs vCSI report less frequently than hCSI report. Since UE moves slowly in the vertical domain and since zenith angular spread is not large, we can observe that the vertical correlation is high and the vCSI report may have less period than the hCSI report does. Based on this observation, we have two alternatives for the separate vCSI/hCSI reports in terms of report periodicity.
· Alt 1: periodic hCSI report and less frequent periodic vCSI report
· Alt 2: periodic hCSI report and aperiodic vCSI report
For vCSI report, a UE acquires vPMI and vertical domain RI (vRI) using a vertical domain codebook, which can be either a legacy codebook or a newly designed codebook. Then, for hCSI report, the UE should acquire hPMI, hRI, and CQI, conditioned by the vPMI and vRI. In this case, the serving cell can reconstruct the composite precoder by taking Kronecker product of the two precoding matrices corresponding to vPMI and hPMI, with the rank hRIvRI. For using the aperiodic vCSI report, and the performance can be degraded if the serving cell does not configure aperiodic vCSI report often.
Proposal: Different periodicity can be configured for vCSI reports and hCSI reports.
1. Multiple CSI process based enhancement
Instead of using a single CSI process, multiple CSI processes can be used in line with the separate CSI report, where vCSI and hCSI can be reported separately by means of different CSI processes. Those CSI processes should be inter-dependent. If one CSI process is assigned for vCSI report, then vCSI report may include at least vPMI and vRI. The other CSI process may include hPMI and hRI and CQI. A UE should assume the reference vPMI and vRI in order to measure hPMI and hRI and CQI. To describe the dependency of the two CSI processes, we can reuse the concept of PMI-reference CSI process.
Proposal: Inter-dependent CSI processes can be introduced if separate vCSI/hCSI report is configured.
Since the legacy UEs can be configured with multiple (independent) CSI processes, the UE reports vPMI/vRI/vCQI in one CSI process and hPMI/hRI/hCQI in the other CSI process, using legacy codebooks. In order to provide hCSI and vCSI reports on each CSI process, the CSI-RS needs an appropriate mapping between CSI-RS antenna ports and TXRUs. In this case, the serving cell should deduce the joint CSI using the separate Rel-12 vCSI/hCSI report. As the UE does not have knowledge on dependency between two CSI processes, hCSI would be measured without being conditioned by vCSI and this may lead to the degraded performance.

1. Conclusion
In this contribution, we have discussed potential enhancements for CSI-RS, codebook, and CSI feedback for EBF/FD-MIMO. We propose the followings:
Observation: 
· Single legacy CSI report will reduce the PMI codebook resolution for EBF
Proposal:
· In the beamformed CSI-RS scenario, separate vCSI/hCSI report can be considered where vCSI includes selected CSI-RS resource index(es).
· Different periodicity can be configured for vCSI reports and hCSI reports.
· Inter-dependent CSI processes can be introduced if separate vCSI/hCSI report is configured.
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