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1 Introduction

In the last few meetings, there has been extensive discussion on enhancements relating to beamformed CSI-RS for SI of EBF/FD-MIMO. Based on [1], potential schemes for beamformed CSI-RS are captured in the TR as following:
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

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) 

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 BIs 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.   

Note that in Scheme 3, the UE may have to carry out channel measurements on multiple CSI-RS resources, and then report one or more indices (such as beam index or BI) that represent the beam(s) providing favorable measurement results to the UE. This contribution aims to discuss the cases wherein the UE has to report the CSI for more than one beam. 
2 Beam Selection Reporting
In Scheme 3 described in [1], 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 beamformed at different directions. This is illustrated in Figure 1: 
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Figure 1: 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.
3 Conclusions
This contribution describes some of the possible approaches for beam selection reporting as required by Scheme 3 of [1]. In particular, we discuss the cases where more than one beam is selected by the UE. In our opinions, beam bitmap reporting (alternative 2) seems to provide better flexibility and scalability, therefore we propose the following:
Proposal: For beam selection reporting, the approach based on bitmap and a pre-configured CQI threshold level can be considered.
4 References
[1] R1-152424, Text proposal to TR36.897 on Potential CSI-RS and feedback enhancements (section 6.2.1 capturing the agreed way forward  R1-152425)
[image: image2.png]


[image: image3.png]



6
1

