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1 Introduction
In the RAN#68 plenary meeting, a work item on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE was approved [1]. One of the main objectives of the work item is to specify the CSI-RS structure for

· Non-precoded CSI-RS with 12 / 16 antenna ports (class A CSI reporting)
· Beamformed CSI-RS (class B CSI reporting) 
In this contribution we provide our preference on the unresolved issues of the CSI-RS design for class A CSI reporting and provide observations on the CSI-RS structure for class B CSI reporting.
2 Discussion
Non-precoded CSI-RS structure

CSI-RS was introduced in LTE-A Rel-10 to support channel measurements for CSI feedback assuming non-precoded CSI-RS (class A CSI reporting). The maximum number of supported CSI-RS antenna ports in Rel-10 was limited to 8. With the introduction of FD-MIMO systems, the number of CSI-RS antenna ports should be further extended beyond 8 to support 12 and 16 TXRUs.

In order to maintain similar channel estimation performance per CSI-RS antenna port, the key design principles of non-precoded Rel-10 CSI-RS should be reused. More specifically, the density of CSI-RS should be kept as 1 RE per PRB pair for each CSI-RS antenna port. Further reduction of the CSI-RS density (currently listed as FFS) at least for non-precoded CSI-RS should not be considered, given that in Rel-10 studies density of 1 RE was assumed as the lower bound. Further reduction of the CSI-RS density would affect the channel estimation performance especially in frequency selective channels that could offset the benefits of non-precoded CSI-RS beamforming schemes.
Another unresolved issue of the non-precoded CSI-RS design is multiplexing of the CSI-RS antenna ports. In Rel-10 all CSI-RS antenna ports are transmitted on two adjacent OFDM symbols of one subframe. The multiplexing of CSI-RS ports in those two OFDM symbols was achieved by combination of CDM and FDM multiplexing. CDM multiplexing was introduced to avoid CSI-RS power boosting above 6 dB and applied for each CSI-RS antenna port pair. FDM multiplexing for CSI-RS ports is used between pairs of CSI-RS antenna ports. For 12 and 16 CSI-RS CDM multiplexing may be further extended in the frequency domain to avoid power boosting of 6 dB, but longer OCC codes should be avoided to support channel measurement in frequency selective channels. 
The indication of the CSI-RS resource elements (or CSI-RS pattern) with 12 and 16 antenna port signalling of more than one CSI-RS resource configurations (i.e., resourceConfig) should be considered for one NZP CSI-RS resource (i.e., CSI-RS-ConfigNZP). In this case, the total number of configured antenna ports could be determined from the number of configured CSI-RS resource configurations. For CSI-RS resource our preference is to use configuration with fixed number of CSI-RS ports (e.g., 2 or 4). As mentioned in our contribution [2], such flexible aggregation of multiple CSI-RS configurations for NZP CSI-RS resource is required to facilitate CSI-RS measurement for UEs with different capabilities regarding the maximum supported number of CSI-RS antenna ports (e.g., 8, 12, 16, etc.) using a single NZP CSI-RS resource. For example, with the proposed design, depending on the UE capability of supporting a specific number of CSI-RS antenna ports, the network could more flexibly indicate multiple variants of NZP CSI-RS resources with smaller number of antenna ports (as e.g., 12 or 8 as in the Figure 1) which are subset of a single NZP CSI-RS resource with larger number antenna ports (e.g., 16 as in the Figure 1).


[image: image1.emf]16 CSI-RS 

antenna port 

capable UE

12 CSI-RS 

antenna port 

capable UE

8 CSI-RS 

antenna port 

capable UE 

(2Rx)

8 CSI-RS 

antenna port 

capable UE 

(4Rx)


Figure 1: Possible CSI-RS port measurement for UEs with different capabilities regarding the maximum supported number of CSI-RS ports 

Proposals:

· Keep the density of CSI-RS in accordance to Rel-10 assumptions, i.e., 1 RE per CSI-RS antenna port per PRB pair

· Reduction of CSI-RS density should not be considered at least for non-precoded CSI-RS

· CDM multiplexing in the frequency domain may be considered to avoid power boosting of more than 6 dB
· Signalling of multiple resourceConfig for CSI-RS-ConfigNZP should be considered
· resourceConfig corresponds to the CSI-RS configuration with fixed number of antenna ports (e.g., 2)
· The total number of CSI-RS ports in CSI-RS-ConfigNZP is decided by the number of configured resourceConfig
Beamformed CSI-RS structure

So far, the CSI-RS design principles, developed by RAN1 for Rel-10, assume non-precoded CSI-RS. On the other hand, the design principles for beamformed CSI-RS could be different. More specifically, considering that beamforming on the CSI-RS antenna ports may reduce the frequency selectivity of the channel, the density of the CSI-RS could be reduced compared to the currently assumed 1 RE per PRB pair. The power boosting issue, resulting in CDM/FDM multiplexing of the antenna ports of the legacy CSI-RS structure with non-precoded CSI-RS antenna ports, may not be an issue for beamformed CSI-RS, given that each CSI-RS antenna port after beamforming will be transmitted from all eNB antennas. Therefore, other multiplexing solutions such as FDM and TDM may be in principle considered for the beamformed CSI-RS structure.
Similarly, the total number of antenna ports for beamformed CSI-RS could be also different than in the non-precoded CSI-RS design, which currently assumes values which are typically power of 2. Considering the design of the new scalable beam-selection codebook for class B CSI reporting, support of the additional total number of CSI-RS antenna ports (e.g., {6, 10}) for beamformed CSI-RS may be also required. 
Observations:

· The CSI-RS design principles (e.g., 1 RE per PRB, antenna port multiplexing, number of antenna ports, etc.), developed for Rel-10 CSI-RS, may not be essential for the CSI-RS design of class B CSI reporting
It should be noted that the flexibility of the CSI-RS pattern configuration proposed for non-precoded CSI-RS would be also required for beamformed CSI-RS. More specifically, as shown in Figure 2, an eNB may support a set of transmission beams, where each beam of the eNB may be associated with a CSI-RS antenna port pair (see Figure 2).
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Figure 2: Cell-specific beam transmission using different CSI-RS configurations 

Then, a UE with class B CSI reporting may need to perform beam selection and co-phasing only among a subset of the most promising beams that could be determined by the eNB from uplink measurements and reciprocity. Given that the beam subset is UE specific, flexible CSI-RS pattern configuration for the UE should be supported.
Similar to the non-precoded CSI-RS, such flexible configuration of the UE-specific beam subset can be provided by indication of multiple resourceConfig corresponding to a fixed number of CSI-RS antenna ports (e.g., 2). The example of such UE-specific subset configuration in accordance to the proposal above is shown in Figure 3 where 8 dominant beams among 20 available are configured for the particular UE for beam selection and CSI reporting.
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Figure 3: UE-specific beam measurement set configuration at the UE 
3 Summary

In this contribution we provided our preference on the design principles of CSI-RS for class A and B CSI reporting. 
For class A CSI reporting it is proposed:

· Keep the density of CSI-RS in accordance to Rel-10 assumptions, i.e., 1 RE per CSI-RS antenna port per PRB pair

· Reduction of CSI-RS density should not be considered at least for non-precoded CSI-RS

· CDM multiplexing in the frequency domain may be considered to avoid power boosting of more than 6dB
· Signalling of multiple resourceConfig for CSI-RS-ConfigNZP should be considered
· resourceConfig correspond to the CSI-RS configuration with fixed number of antenna ports (e.g., 2)
· The total number of CSI-RS ports in CSI-RS-ConfigNZP is decided by the number of configured resourceConfig
For class B CSI reporting it is observed:

· The CSI-RS design principles (e.g., 1 RE per PRB, antenna port multiplexing, number of antenna ports, etc.), developed for Rel-10 CSI-RS, may not be essential for the CSI-RS design of class B CSI reporting
· Signalling of multiple resourceConfig for CSI-RS-ConfigNZP proposed for class A CSI reporting is also beneficial for class B CSI reporting
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