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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#87 meeting, it was agreed that [1]:
· Support at least the following DMRS based DL MIMO transmissions for data in NR,
· Scheme 1: Closed-loop transmission where data and DMRS are transmitted with the same precoding matrix
· Demodulation of data at the UE does not require knowledge of the precoding matrix used at the transmitter
· Note: spatial multiplexing and rank-1 are included
· Scheme 2: Open loop and Semi-open loop transmissions where data and DMRS may or may not be restricted to be transmitted with the same precoding matrix
· Demodulation of data at the UE may or may not require knowledge of the relation between DMRS ports and data layers
· Note: DMRS can be precoded or not precoded
· Study the transmission schemes, e.g., SFBC, Large delay CDD, Layer shifting, small delay  CDD
· Study the selection of transparent and/or non-transparent DMRS
· Transparent DMRS: DMRS and data precoded identically
· Non-transparent DMRS: DMRS  and data precoded differently
In this contribution, we discuss the CSI feedback for beamformed SFBC.  
Discussion on DL CSI feedback for beamformed SFBC
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK22][bookmark: OLE_LINK23]SFBC targets at low SNR scenario to provide robust transmission. Beamformed SFBC can take the advantage of both the beamforming gain and diversity gain and thus can provide better performance than legacy SFBC. Correspondingly, the CSI feedback mechanism should be considered for the beamformed SFBC.  For legacy SFBC transmission, only CQI is required to be feedback. But since beamformed SFBC is based on ports virtualized with precoders, precoder related information in addition to CQI should be reported. Regarding to the port virtualization for DMRS and data, the manner that DMRS and data share the same precoder should be supported. Considering the precoder related information feedback for beamformed SFBC, whether or not the same or different beams should be selected for the two DMRS/data ports should be discussed.
Classically, the same beam is selected for both ports. However, when the two DMRS/data ports are virtualized from a large number of antennas, and/or the system is operated in high frequency, beam blockage issue should be considered. To improve the robustness of beamformed SFBC to beam blockage, it is more desirable that the selected beams for two ports are different. The larger the distance between angles represented by these beams is, the more robust the beamformed SFBC can be against beam blockage. To assist this CSI feedback, a mechanism that allows UE to report different beams for the two ports of SFBC should be supported. In the following, the CSI feedback for beamformed SFBC are discussed for  different DMRS/data ports virtualization schemes. Here, we consider two schemes.
Scheme 1: DMRS and data are virtualized with antennas of one polarization
In this case, each of the two data/DMRS ports of the beamformed SFBC are virtualized by one beam and antennas of one polarization, as shown in Fig. 1.


Figure 1 Ports virtualization for Alt 1 scheme
When non-precoded CSI-RS is used for precoder/beam feedback, then the relationship between transmitted symbols and to-be-precoded symbols can be expressed as

.



where is non-precoded alamouti layer-mapped symbol matrix for SFBC transmission. The same precoder is also applied to the related DMRS. The related W2 codebook to the precoder 
When beamformed CSI-RS is used for precoder/beam feedback, the relationship between transmitted symbols and precoded symbols can be expressed as




where represents the selected ports for SFBC transmission, and is precoded and alamouti layer-mapped symbol matrix.
Advantage of scheme 1
The advantage of this scheme is that no subband co-phasing needs to be reported from UE, which is beneficial in extremely low SNR region, since the co-phasing feedback would be inaccurate anyway. Therefore, Alt1 scheme can bring stable performance when SNR is very low.  
Proposal 1: Beamformed SFBC scheme where DMRS/data ports are virtualized with antennas of one polarization should be supported.
CSI feedback for scheme 1
For the CSI feedback of scheme 1, as mentioned above, a mechanism that guarantees UE to select different beams for the two DMRS/data ports should be designed, considering the beam blockage issue. 






For example, when non- precoded CSI-RS is used, a codebook that contains the precoder structure  can be designed, where the “angle distance” between the two basis and  is configurable. The “angle distance”  can be decided based on some prior knowledge of the channel. For example, if the channel of a UE has two strong paths that are “angle-distant” in terms of AoDs, then the eNB can configure a codebook with a large value. If the channel has two strong paths with similar AoDs, then the value  can be configured to be small. The prior knowledge of the channel can be obtained from, e.g., beam management.



For beamformed CSI-RS, the port selection codebook contains structure of can be designed, where the “angle distance” between the basis corresponding to the two selected ports andcan be configurable in a similar way to the above case. 
In both cases, the CQI calculation needs to take into account the selected PMI and the alamouti layer mapping in SFBC.



Proposal 2: For beamformed SFBC scheme where DMRS/data ports are virtualized with antennas of one polarization, if non-precoded CSI-RS is used, a codebook that contains the precoder structure of  should be studied, and the “angle distance” between and  should be configurable to improves robustness against beam blockage.
Scheme 2: DMRS and data are virtualized with antennas of two polarizations
As mentioned above, the port virtualization of scheme 1 is one antenna polarization for one port, which can not fully exploit the beamforming gain from antennas of both polarizations. In scheme 2, each of the two ports of the beamformed SFBC are virtualized by one beam and antennas of two polarizations, as shown in Fig.2.
In this case, with non-precoded CSI-RS based CSI feedback, the relation between precoded symbols and to-be-precoded symbols can be expressed as

,

and the same precoder  is also applied to DMRS. 


Figure 2 Port virtualization for Alt2 scheme
With beamformed CSI-RS based CSI feedback, the relationship between transmitted symbols and precoded symbols can be expressed as

.




CSI feedback for scheme 2To assist the beamforming SFBC in scheme 2, beam selection as well as co-phasing need to be reported by UE based on e.g., CSI-RS measurement. Therefore, for non-precoded CSI-RS, a codebook that contains the precoder structure of  is needed. In addition, to improve the robustness to beam blockage, the “angle distance” between the two basis and  should also be configurable. The basic idea about how to configure the “angle distance” according to channel characteristics can be similar to scheme 1. Similarly, for beamformed CSI-RS, the port selection codebook  should also be designed in a configurable way. For both cases, the CQI calculation needs to take into account the selected PMI and the alamouti layer mapping in SFBC.
Advantage of scheme 2
With the above configurable codebook structures, the advantage of scheme 2 over scheme 1 is twofold. Firstly, a higher beamforming gain can be obtained from scheme 2, since that each port is virtualized by antennas of two polarizations. Secondly, even if one beam is blocked, the higher beamforming gain of scheme 2 can still to a certain degree improve the received SNR of beamformed SFBC, and therefore enhance the transmission performance. To exploit this benefits, the SNR needs to be slightly high or medium. 
Proposal 3: Beamformed SFBC scheme where DMRS/data ports are virtualized with antennas of two polarizations should be supported.



Proposal 4: For beamformed SFBC scheme where DMRS/data ports are virtualized with antennas of two polarizations, if non-precoded CSI-RS is used, a codebook that contains the precoder structure of  should be studied, and the “angle distance” between and  should be configurable to improves robustness against beam blockage.
Discussion on QCL aspects for beamformed SFBC
For both scheme 1 and scheme 2, QCL configuration between CSI-RS configuration for CSI feedback and the DMRS ports of SFBC should be considered.
If the same beam is selected for both DMRS ports of SFBC transmission, then the two DMRS ports can have QCL associations with the same CSI-RS configuration. The associated CSI-RS are transmitted with the same beam as the DMRS ports. 
However, in our proposed scheme 1 and scheme 2 where different beams are selected for the two DMRS ports, the two DMRS ports should have different QCL association with different CSI-RS configurations. Each CSI-RS is transmitted with the same beam as the associated DMRS port. Therefore, at least two QCL configurations should be supported for the beamformed SFBC scheme 1 and scheme 2, when different beams are selected for the two DMRS ports according to the configurable codebook structure in Section 2.
Proposal 5: For beamformed SFBC, different QCL configuration for the two DMRS ports should be supported.
Conclusion
Proposal 1: Beamformed SFBC scheme where DMRS/data ports are virtualized with antennas of one polarization should be supported.



Proposal 2: For beamformed SFBC scheme where DMRS/data ports are virtualized with antennas of one polarization, if non-precoded CSI-RS is used, a codebook that contains the precoder structure of  should be studied, and the “angle distance” between and  should be configurable to improves robustness against beam blockage.
Proposal 3: Beamformed SFBC scheme where DMRS/data ports are virtualized with antennas of two polarizations should be supported.



Proposal 4: For beamformed SFBC scheme where DMRS/data ports are virtualized with antennas of two polarizations, if non-precoded CSI-RS is used, a codebook that contains the precoder structure of  should be studied, and the “angle distance” between and  should be configurable to improves robustness against beam blockage.
[bookmark: _GoBack]Proposal 5: For beamformed SFBC, different QCL configuration for the two DMRS ports should be supported.
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