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1 Introduction
In 3GPP RAN #68 meeting, the work item on EBF and Full Dimension MIMO (FD-MIMO) was agreed for Release 13. The agreed work scope of the work item as documented in [1] can be summarized as follow:
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: non-precoded CSI-RS, beamformed CSI-RS, SRS, DMRS
· Specify enhancements on CSI reporting
This contribution discusses the transmission of CSI-RS on DwPTS as part of the CSI-RS enhancements for FD-MIMO in Rel-13. 
2 CSI-RS on DwPTS
CSI-RS was first introduced in Rel-10 in order to support UE’s downlink channel estimation for CSI generation. In particular, it was devised to separate the role of channel estimation for CSI generation and demodulation to two different reference signals: CSI-RS and DMRS. Such a separation of roles allowed flexible system operation which led to later specification enhancements such as CoMP in Rel-11. One of the issues that was discussed during the introduction of CSI-RS was whether to support its transmission on DwPTS. Agreement to support CSI-RS on DwPTS was not reached in Rel-10 and therefore, it is currently not part of the LTE/LTE-A specifications.
The disadvantage of not allowing CSI-RS on DwPTS is that a higher reuse factor for CSI-RS cannot be achieved. An increase in the effective reuse factor would be especially useful for frame structure type 2 (TDD) with uplink heavy UL-DL configuration. For this reason, Samsung was supportive of CSI-RS transmissions on subframes with DwPTS [2].
With the introduction of FD-MIMO in Rel-13, a number of different CSI-RS operations are currently being discussed in RAN1 (beamformed CSI-RS, non-precoded CSI-RS, and hybrid of the two). In any case, the enhanced CSI-RS would be designed such that larger than 8 TXRUs can be efficiently supported. As a result of supporting a larger number of TXRUs, securing sufficient resources for CSI-RS transmission is very important. Another reason for needing additional CSI-RS resources could be the need to simultaneously support legacy Rel-10/11/12 UEs which cannot process the enhanced CSI-RS introduced in Rel-13. Since these legacy UEs cannot process the enhanced CSI-RSs, a separate CSI-RS would be needed to accommodate them.
Observation: CSI-RS for DwPTS would increase the CSI-RS resources for FD-MIMO. It is expected that more resources will be needed for CSI-RS transmissions in Rel-13.
While the introduction of CSI-RS for DwPTS have its merits, we need to consider the implication that follows. The introduction of CSI-RS transmission on DwPTS is expected to have the following issues:
· All downlink transmissions to legacy UEs will suffer performance degradation since these UEs do not have the capability to rate match around CSI-RS on DwPTS
· The time duration of DwPTS is variable and therefore the position of CSI-RS on DwPTS could be different depending on special subframe configuration
The first issue is on the performance of legacy UEs. Since these UEs cannot match around CSI-RS on DwPTS, downlink transmission on DwPTS where CSI-RS is being transmitted would lead to performance degradation. The severity of the performance degradation due to CSI-RS puncturing is expected to be larger than that of a normal subframe. The performance degradation is expected to be larger since from a legacy UE’s point of view, more REs are being contaminated. The only way to avoid such performance degradation would be to have a scheduling restriction on the downlink such that the eNB does not schedule legacy UEs on DwPTS.
The second issue is on the complexity of the Rel-13 UEs. The time duration of DwPTS is determined by the special subframe configuration. There are 10 special subframe configurations in LTE and 6 different time durations for DwPTS. If CSI-RS on DwPTS is supported in Rel-13, it is expected that multiple sets of CSI-RS patterns would have to be designed. From UE implementation point of view, it would mean that CSI-RS receiver should be designed to be configurable so that it can support different set of CSI-RS patterns for different DwPTS time durations.
Observation: CSI-RS for DwPTS could lead to performance degradations for legacy UEs scheduled on DwPTS and might increase the UE complexity.
Given the pros and cons of introducing CSI-RS for DwPTS, we cannot readily agree to support this feature for Rel-13. As a first step, we need to determine whether this feature is something essential for uplink heavy UL-DL configuration. Compared to the uplink heavy UL-DL configuration, the motivation for supporting this feature for other UL-DL configurations is relatively weak.
3 Conclusions
This contribution discusses the potential issues related to the introduction of CSI-RS transmission on DwPTS for Rel-13. While the support for CSI-RS on DwPTS could be beneficial in terms of system performance, there is negative impact on the performance of legacy UEs. Furthermore, due to the nature of DwPTS, the design of CSI-RS patterns could lead to an increase in UE complexity. Given the situation, our proposal would be to first determine whether this feature is absolutely necessary for FD-MIMO.
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