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1 Introduction

In RAN Plenary Meeting #68, Elevation Beamforming/FD-MIMO for LTE has been approved as a new working item for RAN1, and the main objectives of this WI can be found the WID [1]:
The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNBs. The detailed objectives are as follows. 

· 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

· SRS capacity improvement

· Support for SRS transmission with 4TX antennas as a second priority

· Support of additional ports for DMRS targeting higher dimensional MU-MIMO
· The maximum number of DMRS ports that a UE may be able to receive is kept as 8
· 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

· Specify higher layer support of enhancements listed above [RAN2]

· Specify the necessary UE (if any) core requirements [RAN4]

Impact on UE and eNB complexity should be taken into account. 

eNB core requirements for EBF/FD-MIMO with active antennas will be specified in the AAS WI [AAS_BS_LTE_UTRA]. RAN4 should identify until RAN#69 whether there is a need for additional eNB core requirements that are not addressed in the AAS WI. 

In this contribution, we share some of our views on CSI reporting for both non-precoded CSI-RS and beamformed CSI-RS schemes. In particular, we discuss how multiple PMIs (for construction of Kronecker Product precoders) can be reported for non-precoded CSI-RS schemes in a more efficient manner, as well as some beam selection issues for beamformed CSI-RS cases.
2 PMI Reporting for Non-Precoded CSI-RS Schemes
In FD-MIMO with non-precoded CSI-RS cases, the number of antenna ports in a 2D antenna array can be as large as 12 or 16, which exceeds 8 antenna ports that the existing precoder codebook in Rel-12 can support. According to some proposed codebook alternatives in TR 36.897 [2], where the precoder W is formed by matrix product W1W2, Kronecker product of precoders for horizontal and vertical dimensions are generally used to capture the long-term channel characteristics (W1), which is formulated as following:
[image: image1.png]ttttltttt

[ : H-PMiI reporting
[ : v-PMi reporting




Note that XH and XV represent beam subsets for horizontal and vertical dimensions respectively. As the total number of antenna ports increases, the codebook size has to be enlarged in order to properly capture the overall spatial channel status. This implies a need to expand the PUCCH payload size to multiplex precoder information for both dimensions, which may affect the code rate and hence the overall performance. Alternatively, we may allow the UE to separately report the information relating to XH and XV in different time instances, so legacy PUCCH structure can be retained. However, the reporting of partial precoding information (either XH or XV) will be delayed. 
Furthermore, since the angular spread in elevation domain is much smaller than that in azimuth domain, the time-variation of vertical PMI (V-PMI) can be much slower than the horizontal PMI (H-PMI). This can be very inefficient if both PMIs are reported at the same rate if one of the PMIs does not fluctuate over time. Therefore, the reporting periodicities for H-PMI and V-PMI can be configured differently. In particular, V-PMI can be reported at lower rate than the H-PMI. This could be implemented using CSI process defined for TM10 in Rel-11, since the reporting periodicities for the multiple CSI processes are independently configured. The concept is illustrated in Figure 1.
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Figure 1: Different reporting periods for H-PMI and V-PMI.

Moreover, we may also consider a more flexible case where V-PMI reporting is aperiodically triggered while H-PMI is periodically reported. To be specific, reporting of V-PMI occurs only when a request from the eNB is received by the UE, or for example, when the CQI drops below a certain threshold level. However, a new CSI reporting mode would be required. This concept is illustrated in Figure 2.
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Figure 2: Periodic reporting for H-PMI and aperiodic reporting for V-PMI.
Proposal 1: For non-precoded CSI-RS with codebook based on Kronecker Product, reporting rate for vertical domain precoder information can be configured to be lower than that for horizontal domain. Alternatively, vertical domain precoder information can be reported aperiodically while horizontal domain precoder information is reported periodically. 
3 Beam Index Reporting for Beamformed CSI-RS Schemes

For beamformed CSI-RS, several schemes for CSI process configurations and CSI reporting have been defined in [2]. In particular, With Scheme 3 described in [2], the UE is configured with a single CSI process and multiple CSI-RS resources. Therefore, the UE is able to measure a number of CSI-RS that are beamformed at different directions. This is illustrated in Figure 3: 
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Figure 3: The UE is configured with multiple CSI-RS resources for measurements of multiple beamformed CSI-RS.  
Based on the measurement results of the transmitted beamformed CSI-RS, the UE may identify and select one or more beams that can provide sufficiently good link qualities on PDSCH transmission. The design for signaling format of beam selection report should consider feedback overhead. Here we discuss a few possible ways to report the beam selection results.

Alternative 1:  Separate Beam Index Reporting

Assuming that the UE is configured with N CSI-RS resources in total, the UE has to measure N beamformed CSI-RS. Thus, each of the beams can be represented by a k-bits index, where k = log2N. Apparently, the total number of bits is proportional to the selected beams in this case. For instance, if N = 8 and k =3, the UE has to report a beam selection result consisted of 3B bits where B is the number of the selected beams. Note that the value of B can be varied in different reporting sessions and this is certainly undesirable as we don’t want to dynamically scale the feedback overhead. Although the value of B can be fixed by the specification, it might reduce the flexibility. 
Alternative 2:  Beam Bitmap Reporting

In this case, the UE reports a bitmap consisted of N bits, where each bit of the bitmap is associated to a beamformed CSI-RS resource, and indicates whether the link quality measured on this beam exceeds a pre-configured CQI threshold level. Thus, the feedback overhead for beam selection report is fixed to N bits, regardless how many beams are chosen by the UE. Furthermore, the UE may report differential CQIs that represent the difference between the actually measured CQI and the threshold level; this further reduces the required feedback overhead.

Alternative 3:  Beam Group-based Reporting

The configured beamformed CSI-RS resources can be partitioned into multiple groups (the groups can be either disjoint or partially overlapped), and the UE simply reports a group index which the strongest beam belongs to. The UE can further derive and report CSI by assuming all beams within the group are jointly used for PDSCH transmission. Although this approach is relatively simple, some strong beams might not be captured as they may belong to groups other than the one with the strongest beam. Therefore, the performance cannot be optimized.
Proposal 2: For beamformed CSI-RS schemes with beam selection reporting, the approach based on bitmap and a pre-configured CQI threshold level can be considered.
4 Conclusions
In this contribution, we suggest some potential enhancements to CSI reporting mechanisms for both non-precoded CSI-RS and beamformed CSI-RS schemes. The following have been proposed:
Proposal 1: For non-precoded CSI-RS with codebook based on Kronecker Product, reporting rate for vertical domain precoder information can be configured to be lower than that for horizontal domain. Alternatively, vertical domain precoder information can be reported aperiodically while horizontal domain precoder information is reported periodically. 
Proposal 2: For beamformed CSI-RS schemes with beam selection reporting, the approach based on bitmap and a pre-configured CQI threshold level can be considered.
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