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1 Introduction
In the RAN#71 meeting a Rel-14 work item on Enhancements on Full-Dimension MIMO for LTE was approved [1]. One of the objectives defined in the work item is to specify enhancements for the reference signals. As a potential enhancement, the overhead reduction from CSI-RS transmission for Class B FD-MIMO can be considered. In RAN1#84bis several alternatives were identified for CSI-RS overhead reduction [2]:

· Alt.1: Aperiodic CSI-RS

· E.g., One-shot CSI-RS transmission with transmission on the same subframe as triggering subframe 

· Alt.2: Dynamic CSI-RS activation and/or deactivation

· E.g., One-shot or multi-shot CSI-RS transmission after the triggering subframe 

· Alt.3: Reduced frequency density via decimation over part or all of the bandwidth

· Alt.4: MR with dynamic sharing of the beams on CSI-RS resources among the UEs 

· Alt.5: Triggered measurement of one of multiple CSI-RS configurations

· Alt.6: Spatially multiplexed beamformed CSI-RS

· Other approaches are not precluded
In this paper, we present our views on the aperiodic CSI-RS transmission and possible approaches to support frequency domain decimation of beamformed CSI-RS.
2 Discussion on Aperiodic CSI-RS
Aperiodic CSI-RS transmission is considered as a promising approach to reduce the CSI-SR overhead for Class B FD-MIMO [3]. Comparing to the legacy CSI-RS transmission with semi-static allocation of the resources, the aperiodic CSI-RS offers dynamic allocation of resources for CSI-RS transmission. It is expected that aperiodic CSI-RS could address the overhead issues of UE-specific CSI-RS for Class B FD-MIMO in scenarios with high traffic loads. On the other hand, several drawbacks of the aperiodic CSI-RS can be identified. Although, the aperiodic CSI-RS can potentially reduce the overhead for the new UEs, it does not provide any overhead reduction gain to the legacy UE. Furthermore, due to semi-static configuration of PDSCH RE mapping in Rel-13, the aperiodic CSI-RS has a significant impact on the PDSCH performance of the legacy UE. Given that the presence of the CSI-RS transmission can’t be dynamically indicated to the legacy UEs, the aperiodic CSI-RS transmission in the majority of the cases would require puncturing of PDSCH REs to accommodate the aperiodic transmission of CSI-RS signals. In high loading scenarios, such excessive puncturing of PDSCH would result into noticeable PDSCH performance degradation that should be carefully investigated. 
Observation:

· The aperiodic CSI-RS doesn’t provide overhead reduction gain for the legacy UEs
· The impact from the aperiodic CSI-RS on the legacy PDSCH performance may be significant and should be studied
Therefore, other solutions to CSI-RS overhead reduction with less impact on the legacy UE operation should be considered.
For example, the CSI-RS overhead reduction for Class B FD-MIMO can be provided by more efficient CSI-RS resource utilization within the semi-statically configured CSI-RS resources. The more efficient resource utilization can be provided by the flexible indication of CSI-RS antenna ports to the UEs [4]. Such CSI-RS antenna port sharing would be important in scenario with high system load when the same beam should be measured by multiple UEs. As discussed in [4], the existing Class B CSI-RS framework doesn’t have sufficient flexibility to indicate the CSI-RS REs. The required flexibility to Class B CSI-RS configuration, which allows the beam measurement reuse, can be provided by aggregating the CSI-RS configurations corresponding to 2 antenna ports. 
Proposal:

· Consider more flexible CSI-RS configuration for Class B FD-MIMO which allows multiple UEs to share the measurement resource corresponding to the same beam 
3 Discussion on CSI-RS density reduction
In RAN1#84bis several companies observed that the use of beamforming flattens the channel transfer function in the frequency domain [5]-[8]. This is illustrated in Fig. 1 where two realizations of the channel transfer function are shown for FD-MIMO with beamformed and non-precoded CSI-RS in 3GPP 3D-UMi/UMa channel models for the NLOS case.
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	Fig. 1: Illustration of channel flattening in FD-MIMO with beamformed CSI-RS


Smaller frequency selectivity of the channel after beamforming can be exploited to reduce the number of resource elements (REs) carrying beamformed CSI-RS without losing information of the channel frequency profile. More specifically, the decimation of CSI-RS REs in the frequency domain can be considered as one of the approaches to reduce the overhead in Class B FD-MIMO.
The following two alternatives for CSI-RS density reduction in the frequency domain are possible:

· Alt. 1: Reduced-density CSI-RS with common frequency shift for all CSI-RS ports
· Alt. 2: Reduced-density CSI-RS with different frequency shifts depending on CSI-RS port
These alternatives are illustrated in Fig. 2 for CSI-RS pattern corresponding to 8 ports and the frequency density reduction factor X = 2. It can be seen that for Alt. 1 the frequency shift is common for all antenna ports of CSI-RS resource, while the shift in Alt. 2 is different for two groups of CSI-RS ports. For example, one option is to have the frequency shift fshift = 0 subcarriers for the port group {15,16,17,18} and fshift = 13 subcarriers for the port group {19,20,21,22}. In another option, the shift fshift = 0 subcarriers is set for the port group {19,20,21,22} and fshift = 11 subcarriers for the port group {15,16,17,18}.

[image: image3.png]8 CSI-RS ports {15, 16, 17,18, 19, 20, 21,22}
A1 Ar 2

[ JcuiRS (except CSIRS)




Fig. 2: Illustration of the two alternatives for decimation of the beamformed CSI-RS in the frequency domain for Class B FD-MIMO.
In principle both alternatives should provide similar performance from the channel estimation perspective on the beamformed CSI-RS REs. However, the alternatives are different w.r.t. to capability of providing the reduced CSI-RS overhead. More specifically, it is expected that reduced-dencity CSI-RS transmission to a particular UE can be also multiplexed with PDSCH transmission to other UEs. To take the advantage of reduced CSI-RS overhead by the scheduled UEs, the PDSCH RE mapping pattern of these UEs should be perfectly aligned with the CSI-RS pattern. In this case, Alt. 1 requires defining new ZP CSI-RS configurations which are aligned with the new reduced-density CSI-RS patterns. At the same time, flexible frequency shift assignment per CSI-RS antenna port in Alt. 2 could make the reduced-density CSI-RS pattern perfectly aligned with the legacy Rel-10 ZP CSI-RS configurations. For example, in Fig. 2 the CSI-RS patterns in Alt. 2 matches to the ZP CSI-RS patterns corresponding to 4 CSI-RS port configurations. From this perspective, the overhead reduction can be also provided to the legacy UEs scheduled in the subframe with CSI-RS.

Observation:

· Reduced-density CSI-RS transmission can provide overhead reduction for the legacy UEs by maintaining the new CSI-RS patterns fully matched with the legacy ZP CSI-RS patterns
Based on the discussion above the follow proposal can be made:
Proposal:

· The reduced density of the CSI-RS should be supported as overhead reduction scheme for Class B FD-MIMO
4 Summary

In this contribution, we have provided our views on CSI-RS overhead reduction schemes for Class B FD-MIMO, which can be briefly summarized by the following observations and proposals.
Observations:

· The aperiodic CSI-RS doesn’t provide overhead reduction gain for the legacy UEs

· The impact from the aperiodic CSI-RS on the legacy PDSCH performance may be significant and should be studied
· Reduced-density CSI-RS transmission can provide overhead reduction for the legacy UEs by maintaining the new CSI-RS patterns fully matched with the legacy ZP CSI-RS patterns
Proposals:

· Consider more flexible CSI-RS configuration for Class B FD-MIMO which allows multiple UEs to share the measurement resource corresponding to the same beam
· The reduced density of the CSI-RS should be supported as overhead reduction scheme for Class B FD-MIMO
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