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1 Introduction

In RAN plenary #71 meeting, the following agreement was achieved [1]
· Evaluate and, if needed, specify enhancement to support DMRS-based open-loop transmission with the existing numbers of CSI-RS ports as well as the newly supported number of CSI-RS ports, in the following areas [RAN1]
· Necessary CSI reporting scheme, including with and without PMI; and/or

· Necessary open-loop transmission scheme

In this contribution, the potential DMRS based open loop transmission schemes and associated CSI feedback modes are discussed.
2 Open-loop transmission scheme based on DMRS
An important use case for open-loop transmission is high speed scenario, where the PMI and associated CQI cannot track the variation of wireless channel. 
In CRS based open loop transmission scheme, the demodulation of PDSCH is based on the channel estimation measured on CRS. The port number of CRS will limits the maximal transmission layers of PDSCH when the UE has the capability of high rank transmission. If eNB configures more CRS ports to meet the requirement of high-end UEs, it will lead to unnecessary resource consuming of CRS for low end UEs. The DMRS based open loop transmission can overcome this problem since the demodulation of PDSCH is based on DMRS. DMRS is UE specific and its port number can be dynamically adjusted according to layers of PDSCH transmission. Therefore, eNB can configure PDSCH and associated DMRS transmission according to experienced channel quality and capability of each UE.  
However, in high speed scenario, the percentage of high rank transmission is not clear. There is a possibility that up to 2 layers PDSCH transmission is sufficient in high speed scenario. If it is true, it seems CRS based open loop transmission works well. Therefore, the benefits of DMRS based open loop transmission should be studied first in Rel-14. 
In the following sections, the potential schemes of DMRS based open loop transmission are discussed.
2.1 Transmission scheme with PMI
To maintain the property of open-loop transmission, i.e., robustness against channel variation, cyclical use of a set of precoding matrices should be introduced in the frequency domain as that in CRS based open-loop transmission. The transmission can be express as
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where 
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 is the precoding matrix cyclically deployed for PDSCH transmission. 
In CRS based open-loop transmission, W (i) is predefined according to the CRS port number. However for DMRS based open-loop transmission scheme, the design of precoding matrix W(i) depends on whether PMI are valid as eNB adopts this PMI information on PDSCH transmission in high speed scenario.

In the codebook design for 4 and 8 antenna ports in Rel-10 and Rel-12, the precoding matrix is expressed as 
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, where W1 indicated by PMI1 aims to select a beam group, and W2 stands for beam selection within the selected beam group and co-phasing between antenna polarizations. In the following paragraph, we discuss the validity of PMI1, beam selection information in PMI2 and co-phasing information in PMI2 in high speed scenario respectively. 
Co-phasing information: It is well known that the channel on two polarizations antenna has low correlation. The phase difference between two polarizations highly depends on instantaneous fading channel. In high speed scenario, wireless channel impulse response usually varies rapidly, which leads to fast variation of phase difference between two polarizations. Therefore, the co-phasing reported on PMI2 will be probably outdated when eNB is exploiting this PMI on PDSCH transmission. 
Beam selection information in W2: The beam selection on PMI2 reflects the DoA (Direction of Arrival) information when UE is performing CSI measurement. Whether this kind of PMI information can capture the channel variation depends on many factors, such as UE velocity, beam width and distance between UE and eNB. 
Consider a typical deployment scenario where the eNB is equipped with 8 ports dual-polarization antenna and the antenna spacing is λ/2. According to the 8Tx codebook designed in Rel-10, the angle interval between two adjacent beams  is about 6 degree. Assuming the distance between UE and eNB site is 100m, the width is 10m between two adjacent beams. If the UE moving distance within a time interval is no larger than 10ms, the selected beam is considered to be valid. Assuming the UE is moving within the cell at a speed of 350km/h along tangent line, the movement distance is about 2m within 20ms interval, which is the interval between CSI measurement and using on PDSCH.  It seems the UE is still in the beam overage. 
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Figure1. UE is moving in the cell 
From the discussion above, there is a scenario that beam selection information in PMI2 is still valid even UE is moving rapidly within the cell. It should be noted that the above analysis is based on the LOS channel model, which maybe more suitable for high speed train scenario. In the case of channel model dominated by NLOS paths, it becomes more complicated. In the environment with rich paths, each subband may select different beam. The beam selection for each subband depends on the path directions as well as instantaneous channel pulse responses. Although the directions of the dominated paths change slowly in high speed scenario, the selected beam for each subband may change fast due to rapid variation of the channel pulse responses. To suit different channel environment, eNB should indicate whether the beam selection should be reported depending on deployment scenario.
Beam group information (W1): Beam group information carried by PMI1 has the character of slow variation in time domain and wideband suitability in frequency domain. Undoubtedly, W1 will be useful for PDSCH transmission even in high speed scenario if the CSI feedback period is properly configured. 
Through the discussion above, we have the following observations
Observation:  

· For open loop transmission, the co-phasing information in W2 is difficult to be tracked in high speed scenario.

· For open loop transmission, whether the beam selection information in W2 is valid depends on deployment scenarios.

· Beam group information in W1 is valid for open loop transmission.
Accordingly, we have the following proposals.
Proposal 1:  For DMRS-based open loop transmission, eNB should indicate the PMI reporting type, i.e., W1 only or W1+ beam selection in W2, to UE.
Proposal 2: For DMRS based open loop transmission, the cyclically used precoding matrix depends on PMI reporting type
· For W1 + W2 beam selection, co-phasing factors are cyclically used

· For W1 only, co-phasing and beams in the indicated beam group are cyclically used.  
2.1.1 Transmission scheme without PMI

In the CRS based open-loop transmission, the precoding matrix 
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 is predefined. Thus it does not require PMI feedback. For the DMRS based open-loop transmission, eNB should have some freedom to adjust 
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 according to some criterion, such as interference coordination. If eNB and UE are aware of the cyclically used precoding matrix, there is no need to feed back PMI any more. 
The Codebook Subset Restriction was defined to indicate a set of codeword candidates that the codebook can be selected from. In Rel-13, the mechanism of CSI reporting without PMI is defined to decrease the feedback overhead where through codebook subset restriction one codebook for each RI is indicated to the UE for CQI calculation. This mechanism can be enhanced in Rel-14 for DMRS based open loop transmission. 
If eNB has the DoA information of the target UE, it can configure several codebooks targeting the desired direction through the signaling of Codebook Subset Restriction. For PDSCH transmission, the available codebooks are cyclically used in the frequency domain. Accordingly, on UE side RI and CQI are calculated assuming the indicated codebooks are cyclically adopted in the frequency domain.  
Therefore, we propose
Proposal 3: Via Codebook Subset Restriction, the configured codebooks are cyclically adopted in frequency domain for PDSCH transmission
3 Conclusions
In this contribution, the potential transmission schemes for DMRS based open-loop are discussed. Through theoretical analysis, we have the following observations considering PMI feedback

Observation:  

· For open loop transmission, the co-phasing information in W2 is difficult to be tracked in high speed scenario.

· For open loop transmission, whether the beam selection information in W2 is valid depends on deployment scenarios.

· Beam group information in W1 is valid for open loop transmission.
Accordingly, we have the following proposals 

Proposal 1:  For DMRS-based open loop transmission, eNB should indicate the PMI reporting type, i.e., W1 only or W1+ beam selection in W2, to UE.
Proposal 2: For DMRS based open loop transmission, the cyclically used precoding matrix depends on PMI reporting type

· For W1 + W2 beam selection, co-phasing factors are cyclically used

· For W1 only, co-phasing and beams in the indicated beam group are cyclically used.   
For DMRS based open-loop transmission without PMI feedback, we propose 

Proposal 3: Via codebook subset restriction, the configured codebooks are cyclically adopted in frequency domain for PDSCH transmission
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