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1 Introduction
In 3GPP RAN#71, a new work item on eFD-MIMO was approved including evaluation and specification support of DMRS-based open-loop transmission [1]. 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, most significant one is 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 and 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

This contribution discusses the support of open and semi-open loop transmission schemes for Rel-14 eFD-MIMO.

2 Diversity transmission scheme for legacy LTE
2.1 CRS based open-loop transmission
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). 
As mentioned above, the open-loop transmission schemes in current LTE specification relies on CRS. The precoding that is predefined 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. However, the situation for FD-MIMO is quite different as we are tasked with designing the specification to support up to 32 CSI-RS ports.
Observation 1: 

· CRS based open-loop transmission schemes are not optimized to support 32 CSI-RS ports.
2.2 DMRS based diversity scheme via implementation
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. When PMI/RI reporting is not configured, Rel-13 UE can report its SFBC/FSTD based CQI without PMI/RI reporting. The motivation of such specification support is to report UE’s CQI considering measured interference and UE implementation for TDD system which can use SRS to acquire downlink channel information. While its motivation is quite different, it can be used to support diversity scheme by implementation to reduce uplink overhead. However, its performance may degrade due to several issues. In legacy diversity schemes, RE level cycling is adopted to maximize its diversity gain. Based on the understanding, CRS based open-loop (Rel-8) and E-PDCCH (distributed transmission, Rel-11) transmission rotates its precoder or DMRS port in each RE. In contrast to such schemes, precoding granularity for the PDSCH transmission is fixed to one resource block when PMI/RI reporting is not configured. Such restriction may result in lack of diversity gain since most of symbols in a RB may not be decoded when the precoding selection is inadequate. Another issue is CSI estimation. In SFBC/FSTD transmissions, each modulation symbol should be transmitted on 2 layers such that it is received with diversity in frequency domain. However, this operation cannot be done due to lack of specification support. Therefore, eNB needs to decide beam direction and estimate CQI without PMI and corresponding CQI reports. For TDD, eNB can find optimized directions via channel reciprocity, but there are some remaining issues such as finding optimized rank.

Another way is applying precoder cycling based on closed-loop CSI. For example, eNB may apply second PMI(i2) cycling per precoding resource block group (PRG) based on the reported first PMI(i1). In this scheme, eNB can find optimized rank and beam directions via PMI/RI reporting. However, eNB should apply i2 which may be different with reported one to achieve diversity gain. Since CSI reporting and PDSCH transmission does not share precoding assumption, this operation may induce CQI mismatch. Such CQI mismatch may be moderated via multiple CSI processes, but it requires multiple times of uplink overhead and may limit possible performance benefits such as CoMP. In addition to CQI mismatch, PRB bundling degrades benefits of diversity scheme. For DMRS based spatial multiplexing, PRB bundling is introduced to enhance UE’s DMRS estimation performance. By sampling multiple RSs in bundled RBs which is applied identical precoding, UE can enhance DMRS estimation performance when spatial multiplexing is applied. However, in contrast to spatial multiplexing, diversity scheme needs various direction changes to resist CSI impairments and identical precoding across multiple PRBs can reduce performance benefits in diversity scheme.

Observation 2: 

· With implementation-based diversity transmission in DMRS-based TMs, performance benefits of diversity scheme can be reduced due to the CSI mismatch and PRB bundling.
3 Semi-open loop transmission in Rel-14 eFD-MIMO
3.1 Semi-open loop transmission
Semi-open loop transmission is beneficial especially when CSI quality is impaired at the eNB (for instance, high UE speeds and poor cell isolation which causes bursty inter-cell interference known as the flash-light effect). In this case, it is more advantageous for the eNB to transmit data through a group of directional beams since the UE can only indicate an approximate (or a range of) directional information. For this purpose, precoder (beam) cycling within a group of beams in frequency domain can be employed as shown in Figure 1. This approximate directional information can be reported via PMI or other precoding-related feedback which includes only long-term precoding information. Such long-term precoding information does not require subband reporting. 
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Figure 1 Concept of semi open-loop transmission
Observation 3: 

· Support of semi open-loop may have performance benefits when CSI impairment exists.
Proposal 1: 
· Provide specification support to allow semi open-loop.

3.2 Possible specification impact for semi open-loop
In order to maximize benefits for semi open-loop, following specification support should be considered:
· Support for semi open-loop CSI: For the reporting of approximate directional information, either i1 or i1 and part of i2 can be considered. Based on the decided approximate directional information, whole or remained i2 cycling can be assumed for the CQI calculation. To provide accurate information and maximize diversity gain, applied precoder assumption should be changed in RE level. 

· DMRS port and number of layers indication: If semi open-loop transmission scheme is developed for DMRS, it would allow the eNB to apply precoding on DMRS that is transparent to a UE with RE level DMRS port cycling. Such port cycling 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. As an alternative, similar structure with DMRS port cycling distributed transmission of E-PDCCH in Rel-11 may be considered.
· Support of  larger size of PRB bundling: By using subband CQI/multiple PMIs or channel reciprocity, eNB can find out optimized precoding for each PRB or PRG. Based on such information, UEs with low CSI impairments, frequency sensitive scheduling may have performance benefits. However, such frequency sensitve scheduling is not effective when CSI impairment exists. For example, when UE moves with high mobility, optimized precoding in the past is no more optimal when eNB transmits PDSCH due to the feedback channel delay. Considering such aspect, supporting larger size of PRB bundling would be beneficial with spec support of semi open-loop.
· Support of multi-user spatial multiplexing: MU-MIMO transmission for semi 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 different beam group for while open-loop transmission is applied on the selected beam group.
Observation 4: 

· Specification supports for CSI reporting, DMRS transmission and MU-MIMO operation are required.
Proposal 2: 
· Study possible specification support for semi open-loop transmission.

· Open-loop transmission scheme and CSI reporting enhancements with reduced PMI
4 Conclusion
This contribution has discussed open- and semi open-loop transmission in Rel-14, and draws following observations and proposals:
Observations: 

· CRS based open-loop transmission schemes are not optimized to support 32 CSI-RS ports.

· Implementation based diversity transmission in DMRS based TMs, performance benefits of diversity scheme can be reduced due to the CSI mismatch and PRB bundling.

· Support of semi open-loop may have performance benefits when CSI impairment exists.

· Specification supports for CSI reporting, DMRS transmission and MU-MIMO operation are required.

Proposals: 
· Provide specification support to allow semi open-loop.
· Study possible specification support for semi open-loop transmission.

· Open-loop transmission scheme and CSI reporting enhancements with reduced PMI.
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