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1. Introduction
Beamformed (BF) CSI-RS is an important feature introduced in LTE R13, which enables the use of large antenna array in LTE system without need to define complicated codebook per antenna array type as required by non-precoded (NP) CSI-RS. By using a group of micro beam towards UE, UE specific BF CSI-RS can achieve high CSI measurement quality and high RS efficiency when the number of active UEs is small. However, for a large number of active UEs, the CSI-RS overhead is one of the major issues for UE specific BF CSI-RS. In RAN1 #84bis, several candidate solutions are proposed to address this problem, including: 

· 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

In this contribution, we will present our views on some solutions to improve the efficiency of RS utilization for UE specific BF CSI-RS.
2 Candidate solutions
Several possible solutions to improve the efficiency of UE specific BF CSI-RS has been proposed in our previous contribution [1]. Some duplicative details are omitted, which can be found in [1], and here we focus on the updated views on these solutions. In general, we have proposed three different ways including spatial multiplexing, reducing frequency density and aperiodic CSI-RS.
Spatial & frequency domain reusing
This scheme utilizes the possible spatial isolation between different UEs. The corresponding UE specific beam groups which are well isolated in spatial domain can be transmitted over the same T-F CSI-RS resource(s). Certainly, somewhat degradation of CSI measurement quality due to inter-beam interference in practice may be expected and up to specific implementation. Moreover, the spatial domain reusing can be performed more easily in non-PMI based feedback for TDD. Overall, spatial multiplexing can be a quite simple and useful solution for improving the RS utilization. As we will discuss later, this scheme can jointly operate with the implementation of aperiodic CSI-RS. 
On the other hand, we have presented the simulation result in [1] for the relationship between coherent bandwidth and channel virtualization level. It was shown that the frequency selectivity of effective channel after beamforming decreases significantly with a higher beamforming gain applied to the CSI-RS resource. This suggests that BF CSI-RS density can be reduced by some implementations, e.g., frequency domain decimation, to improve the efficiency of RS utilization with limited CSI-RS estimation degradation at frequency domain. Similar with spatial multiplexing, this scheme can utilize the characteristic of beamforming operation efficiently performed on CSI-RS and may jointly operate with aperiodic CSI-RS if necessary. 
Aperiodic CSI-RS
Instead of transmitting CSI-RS reference signaling in a semi-statically and periodic manner, aperiodic CSI-RS can only occupy the RS resource on demand for particular UE(s), thus improving the efficiency of resource utilization. Once being triggered, one-shot CSI-RS is transmitted on the same (or delayed if necessary) subframe as triggering subframe. It is natural to only link A-CSI report in PUSCH with aperiodic CSI-RS and thus put the triggering bit in UL grant. If aperiodic CSI-RS is indeed supported in Rel.14, several issues may need to be addressed in specification. 
Firstly, we should study the methodology of CSI-RS configuration. Reusing legacy periodical CSI-RS configurations seems to be inappropriate since it was originally designed for periodic CSI-RS transmission and periodic/aperiodic reporting. Therefore, new aperiodic CSI-RS resource configuration may be more desirable so that parameters, such as periodicity and subframe offset, are not needed anymore. Those new aperiodic resources can be configured semi-statically via RRC signaling basically. One problem for RRC based resource configuration is that the semi-static nature may limit the application of spatial multiplexing among different UE’s CSI-RSs. Also there may be some limitations on triggering aperiodic CSI-RS for multiple UEs on the same subframe.
These difficulties for semi-static configuration can be overcome by using dynamic CSI-RS configuration. However, the resulting large overhead for DCI signaling is not desirable. Therefore, some joint semi-static and dynamic solutions may be attractive. For example, one possible way to support dynamic CSI-RS configuration and transmission is to use a pointer pointing to multiple RRC configurations like current ZP CSI-RS, i.e., several sets of resource configurations are predefined in RRC signaling, whose indicator is then send via dynamic signaling to reduce  the DCI overhead. This scheme can make the resource allocation more flexible and some useful features like spatial multiplexing can be well supported.  
Moreover, no matter which kinds of aperiodic NZP CSI-RS configuration as discussed above is used, Rel 14 UE should be informed with ZP CSI-RS configuration dynamically for PDSCH rating matching. The similar mechanism for ZP CSI-RS has been introduced in TM10 with the PQI field in DCI. The existing PQI configuration is mainly used for CoMP operation with periodical ZP and NZP CSI-RS resources. For Rel.14 UE, the PQI mechanism may be enhanced or modified to facilitate PDSCH rating matching around aperiodic ZP and NZP CSI-RS. To ensure a reasonable PQI overhead, the size of resource pool of aperiodic CSI-RS resources should be restricted.  
On the other hand, for legacy UEs to perform an exact PDSCH rate matching, ZP CSI-RS configuration should cover all possible configurations of aperiodic NZP CSI-RSs which may involve PQI field if applicable. This may degrade the efficiency of PDSCH transmission for legacy UE and also limit the flexibility of aperiodic CSI-RS transmission. Therefore, we suggest jointly using frequency-domain decimated resource for aperiodic CSI-RS and then introducing a scheduling restriction at eNB, which only allows the legacy UE to be scheduled on those unused parts of frequency domain resources without worrying about ZP CSI-RS configurations. 
Proposal: To improve the efficiency of RS utilization for UE specific beamforming CSI-RS, both aperiodic CSI-RS and reducing frequency density should be supported.
3 Conclusion
In this contribution, we provide our understanding of improving the efficiency of resource utilization of BF CSI-RS. In particular, we have following proposals:
Proposal: To improve the efficiency of RS utilization for UE specific beamforming CSI-RS, both aperiodic CSI-RS and reducing frequency density should be supported.
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