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1 Introduction
In 3GPP RAN #65 meeting, study item on EBF and Full Dimension MIMO (FD-MIMO) was agreed for Release 13. According to the SID, one of the key objectives of the study item (SI) is to identify/evaluate potential enhancements diversity transmission scheme. Although the performance of UE-specific beamforming based upon the report of UE’s preferred precoding would ideally generate the best performance, there are a number of potential issues that must be considered. Among such issues are the issue of feedback overhead and the impact due to time variations in the channel. Transmission schemes relying on diversity are less susceptible to such issues due to operating with less channel state information and the robustness due to the additional diversity effect on the received signal. As a result, a number of open-loop transmission schemes have been considered and adopted for LTE since Release 8. This contribution discusses the support of such open-loop transmission schemes for FD-MIMO.
2 Open-loop transmission scheme for legacy LTE

In the current LTE specification, SFBC/FSTD and large delay CDD are supported as open-loop transmission schemes. Both SFBC/FSTD and large delay CDD operate without any UE feedback on preferred precoding. Instead of having a UE feedback the preferred precoding, the precoding to be applied for SFBC/FSTD and large delay CDD are defined in the specification. Therefore, a UE needs only to report back the CQI while assuming the eNB would apply the pre-defined precoding. 

In SFBC/FSTD transmissions, each modulation symbol is transmitted on 2 layers such that it is received with diversity in frequency domain. Compared to SFBC, in large delay CDD transmissions, modulation symbols of two transport blocks are mapped to multiple layers whose precoding is rotated in a cyclic manner and then transmitted on virtual antenna ports which is also rotated in a cyclic manner. Again as in SFBC/FSTD, the application of precoding on the transmitted symbols is predefined in the specification. Since the UE has prior knowledge on what precoding will be applied on the transmitted signals, it only needs to report back the CQI (and RI for large delay CDD). Such transmissions have two key benefits:

· Transmission tend to be more robust for high Doppler channel conditions

· PMI is not reported and therefore uplink overhead is less compared to closed-loop schemes
Additionally, both SFBC/FSTD and large delay share a commonality in that both transmission schemes are based on CRS.
3 Open-loop transmission scheme for FD-MIMO

3.1 Motivation
Full Dimension MIMO is characterized by 2-dimensional antenna arrays with larger number of TXRU’s compared to legacy MIMO. To fully realize the benefits of 2-dimensional antenna arrays, accurate channel measurement and channel status report is a key requirement. In terms of channel measurement, a UE which supports FD-MIMO would need to measure a larger number of antenna ports given the fact that FD-MIMO has more TXRU’s. In terms of channel status information reports, a larger number of TXRU’s could mean additional uplink overhead. Considering the three key feedback components we have in LTE (RI, PMI, CQI), PMI is most likely to be burdened with additional uplink overhead. In other words, compared to the number of bits we have today for PMI, the number of bits expected for PMI that supports FD-MIMO is likely to be larger. This increase in PMI bit width necessary due to the larger number of TXRU’s. Compared to PMI, the impact on the bit width of RI and CQI are expected to be less significant if any.

Depending on the system characteristics, the additional uplink overhead from the increased PMI bit width could be something that an eNB would want to avoid. For example, if an eNB is operating with limited uplink capacity, the option to reduce uplink PMI overhead at the cost of some downlink performance could be valuable. Note that we not implying that FD-MIMO should operate with PMI reports. Closed-loop transmissions based on PMI reports are expected to generate the best performance. However, this does not mean supporting only closed-loop transmissions is enough. In order to cope with different system requirements and operational situations, it would be beneficial to have another option for FD-MIMO where transmission are made with limited or no PMI reports.
As mentioned above, in general, FD-MIMO is expected to operate at its highest performance for closed-loop transmissions (i.e. transmissions with PMI reports). However, there are situations where closed-loop transmissions might not be adequate. One such case would be for high Doppler UEs. Due to the time domain variation of small scale fading, PMI reports from the UE might not be able to accurately track the channel.
In the following subsection, we summarize the consideration points for supporting open-loop transmission schemes for FD-MIMO.
3.2 Consideration for open-loop transmission scheme in FD-MIMO
As mentioned above, the open-loop transmission schemes in current LTE specification, relies on CRS. The precoding that is pre-defined in the specification is applied on top of the CRS. Therefore, the UE estimates the CRS ports first and applies the pre-defined precoding for SFBC/FSTD and large delay CDD. The specification was designed in this manner due to the limited number of TXRU’s that was under consideration when Release 8 was developed. The situation for FD-MIMO is quite different in that we are tasked with designing the specification to support up to 64 TXRU’s. 
CRS or DMRS?

Dedicated TXRU’s feeding different antennas in the 2-dimensional antenna array allow the transmitted signal to be steered not only in the horizontal direction as in conventional multi-antenna systems but simultaneously in both the horizontal and the vertical direction. Such capability allows more flexibility in shaping beam directions from an eNB to a UE. It is expected that at least for closed-loop transmission, DMRS will be utilized in order to realize such flexibility in eNB beam steering.
One key question is which reference signal will be used for the support of open-loop transmission schemes. If CRS is used, the TXRU’s will have to be virtualized into 4 or less CRS antenna ports. Since the conventional role of CRS which is to support mobility will still have to be met, the virtualized CRS would be no different from what we have today. Given this commonality, any new open-loop transmission scheme that is developed for FD-MIMO based on CRS would be no different from what is currently support in LTE (i.e. SFBC/FSTD and large delay CDD).
An alternative to CRS based open-loop transmission is DMRS based open-loop transmission. Compared to CRS, DMRS is more flexible in that the precoding that is applied on it is totally transparent to the UE. One example of the DMRS based open-loop transmission is the transmission scheme defined for E-PDCCH in Release 11. If open-loop transmission scheme such as SFBC/FSTD or large delay CDD is developed for DMRS, it would allow the eNB to apply precoding on DMRS that is transparent to a UE. Such precoding would allow a single eNB to operate multiple open-loop transmissions in different directions. For example, an eNB would transmit for UE A in the outer cell region while at the same time transmitting for UE B in the inner cell region. In this example, the eNB would only require UEs’ coarse location from UE’s long term measurement reports or uplink measurements.
Support for multi-user spatial multiplexing
Support of multi-user spatial multiplexing for open-loop transmission is another issue that should be considered. When multiple UEs are simultaneous scheduled on the same resource, the 2-dimesional antenna array and the larger number of TXRU’s can be utilized to separate the signals in spatial domain. Combined with open-loop transmissions, multi-user spatial multiplexing can be used to enhance the system performance. For example, multi-user spatial multiplexing can be applied in the vertical direction for while open-loop transmission is applied on the horizontal direction.
Closed-loop transmission with limited PMI overhead
As mentioned above, one of the motivations of supporting open-loop transmissions schemes for FD-MIMO is to remove the PMI overhead on the uplink. While such an approach might significantly reduce the uplink overhead, the resulting performance might not be as high as that of an FD-MIMO system with full PMI report. As an intermediate approach one possible compromise could be to support a closed-loop transmission scheme where PMI is limited. In other words, instead of having the UE report the PMI for both horizontal and vertical directions, it would report PMI for only one of the directions while the precoding on the other direction is pre-defined.
4 Conclusion
In this contribution, we summarize the possibility of applying open-loop transmission schemes for FD-MIMO. In terms of specification support, we prefer to support open-loop transmission schemes based on DMRS. Additionally, the open-loop transmission schemes should be designed such that multi-user spatial multiplexing can be applied dependent on the decision of the eNB. Lastly, considering the benefit between performance and PMI overhead, we propose that a closed-loop transmission scheme with limited PMI reports be studied.
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