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Introduction
In 3GPP RAN1 #86bis, it was agreed to study coherent/non-coherent MIMO transmission based on uniform/non-uniform multi-panel array structures at TRP or UE [1]: 
 (
Study at least the following different multi-panel structures at both TRP and UE
Uniform array: 
antenna elements with the same polarization from multiple panels are uniformly distributed in horizontal and vertical dimensions respectively (see Fig.1(a)
 in 
R1-1610893
 as an example
)
Non-uniform array:
 antenna elements with same polarization from multiple panels are not uniformly distributed in horizontal or vertical dimension (see Fig.1(b)
 in 
R1-1610893
 as an example
)
Study the
 coherent
/non-coherent
 MIMO transmission based on 
uniform/
non-uniform 
array
 structure at TRP or UE
E
.g., 
Codebook design
, calibration accuracy, interference measurement, advanced receiver design, interference hypothesis
)The following agreements on multi-panel based DL and UL transmission for NR have been reached respectively in 3GPP RAN1#87 meetings [2]:
 (
For multi-panel based 
downlink transmission
Should consider both uniform and non-uniform array 
Should consider both coherent and non-coherent MIMO transmission for multi-panel antenna array
Should consider different inter-panel phase calibration cases
FFS QCL related aspects
)
 (
For multi-panel based 
uplink transmission
Study way(s) to improve both reliability and capacity, e.g., non-coherent transmission, etc.
Study practical issues including multiple timing advances, power control, beam procedure with/without the help of existing well paired beams and so on
Should consider different inter-panel phase calibration cases
)
Based on the agreements listed above, we present our consideration on multi-panel based coherent and non-coherent MIMO transmissions, regarding codeword-to-layer and layer-to-port mappings, QCL, CSI feedback, as well as control signaling issues, for NR.
Background
In legacy LTE system, it’s generally assumed that the antenna ports involved in single-point MIMO transmission can be assumed to be quasi co-located. Therefore, similar large-scale properties, such as delay spread, Doppler spread, Doppler shift, average gain, and average delay, etc., of the channel can be observed from those set of antenna ports by UE. Furthermore, as usually the same clock is used for the RF chains of those set of antenna ports, and almost ideal synchronization can be kept therein, beam for each layer could be formed jointly by the whole array. Wherein, for spatial multiplexing transmission, different data streams or layers to be transmitted are mapped to the same set of antennas via different weighting vectors respectively. For transmit diversity, depending on detailed implementation, the array might be divided into a set of sub-arrays to form virtual antenna ports, by which layers of the same codeword could be independently mapped to different parts or polarizations of the array. Anyway, all the antenna ports used in coherent MIMO transmission can be assumed to be quasi co-located.
For frequency band above 6GHz, based on more compact integrated antenna array and RF design with much smaller size, vendors would tend to adopt modularized structures, in which the antenna array of a TRP or UE could be constructed with multiple panels. Each panel might be driven by its own clock, which makes it more difficult to synchronize and calibrate the panels within the same TRP/UE. And those panels might be mounted with relatively large distance. Rather than diffraction, reflection would be a more dominating mode in propagation at higher carrier frequency.  The panels in slightly different locations would possibly see distinct cluster of rays. That is, the large-scale properties of the channel observed from different panels could be totally different, even if exactly the same beam weighting vector is applied on each of them. As details in implementation of TRP array is unknown to UE, it can only percept the QCL relationship between ports. In other words, in non-coherent MIMO transmission, not all the ports within one TRP can be assumed to be QCL at the receiver side. 
Observation 1: All the antenna ports used in coherent MIMO transmission can be assumed to be quasi co-located.
Observation 2: Not all the antenna ports used in non-coherent MIMO transmission can be assumed to be quasi co-located.
To simplify the description later on, suppose that the antenna ports are grouped according to their QCL relationship between each other. Antenna ports within a QCL group can be assumed to be QCL-ed, while one cannot make such assumption on the QCL relationships between the antenna ports with different QCL groups. 
Discussion on multi-panel based transmission
Codeword-to-layer & layer-to-port mappings
As discussed in one of our company’s contributions[3], considering practical factors with respect to flexibility, control/feedback overhead, complexity and performance, up to 2 codewords would be reasonable for coherent MIMO with single transmit point. However, for the TRP with multiple independent panels, as lower correlation among them is expected, differences in channel qualities between the codewords transmitted through different panels could be more significant. Therefore, codeword-level interference cancellation is likely to achieve observable gain. That is, the system might benefit from transmission of more than 2 codewords.  It’s also noted that, due to the reason discussed in [3], no more than 2 codewords should be used for 1 QCL group.
Proposal 1: FFS the feasibility of introducing more than 2 codewords in non-coherent transmission, based on evaluations of performance, complexity and overhead. 
Proposal 2: No more than 2 codewords should be used for one QCL group.
For TRP structure based on multiple panels, the layer and port mappers for different transmission schemes are elaborated as follows: 
· For single-layer transmission, such as single-stream beamforming, CDD, co-phasing cycling, etc., 
· 1-to-1 mapping between codeword and layer
· the layer can be mapped to one or more QCL group(s) of the available antenna ports
· For transmit diversity schemes like SFBC or SFBC+FSTD, 
· the codeword-to-layer mapping similar to LTE could be re-used. That is, mapping from one codeword to v layers. Wherein, the value v is the number of virtual antenna ports involved in transmission. For example, v=2 for SFBC, while v=4 for SFBC+FSTD
· for coherent transmission, all the layers are mapped to one QCL group 
· for non-coherent transmission, 
· the layers are mapped to more than one QCL groups, wherein different sets of layers can be mapped to different QCL groups
· besides of 1-to-1 mapping between layer set and QCL group, it’s also possible for one set of layers to be mapped to multiple QCL groups 
· For close-loop spatial multiplexing, 
· for coherent transmission, all the layers are mapped to one QCL group 
· for non-coherent transmission, 
· the layers are mapped to more than one QCL groups 
· the layers from the same codeword is mapped to the same QCL group
· no more than 2 codewords can be mapped to the same QCL group
· for mappings between codeword(s) and layer(s) corresponding to the same QCL group, in both coherent and non-coherent transmissions, prefer to follow the examples shown in Fig. 1 of [3]
· For open-loop or semi-open-loop spatial multiplexing,   
· for coherent transmission, all the layers are mapped to one QCL group 
· for non-coherent transmission, 
· the layers are mapped to more than one QCL groups 
· no more than 2 codewords can be mapped to the same QCL group
· for mappings between codeword(s) and layer(s), in both coherent and non-coherent transmissions, prefer to follow the examples shown in Fig.1 & 2of [3]
Proposal 3: Consider the mapping schemes described in section 3.1 for layer and port mappers in coherent and non-coherent transmissions.
QCL, CSI feedback and control signaling 
As described above, for coherent and non-coherent MIMO transmissions based on multiple panels, the structure of array and the mapping between antenna ports to panel is transparent to UE. However, via DL measurement, the dependency or independency between ports can be obtained at UE side. Consequently, based on grouping of ports according to the QCL relationships, the layer-to-DMRS port mapping, CSI feedback and control signaling can be defined. It’s worth noting that, depending on the channel experienced by different UE, the grouping could be different. In other words, antenna ports grouping is UE-specific.
Proposal 4: Antenna ports can be UE-specifically grouped according to their QCL relationship between each other. Antenna ports within a QCL group can be assumed to be QCL-ed, while one cannot make such assumption on the QCL relationships between the antenna ports with different QCL groups.
[bookmark: _GoBack]For sake of scalability, or to cope with different number of QCL group(s), the CSI feedback could be organized on QCL group basis. Depending on the configuration of network, UE can measure the CSI observed from one or more QCL group(s). With the assumption that coherent transmission is being used on each of QCL group separately, UE feeds back corresponding CSI of based on measurement of the QCL-ed antenna ports within the group. Also, UE could be configured to feedback CSI of one or more QCL group(s) preferred by UE or network. With CSI or multiple QCL groups blockage recovery and dynamic panel selection can be supported, as CSI of backup antenna port group(s) are readily available to the network. 
To support non-coherent transmission, UE could be configured to measure CSI from more than one QCL groups jointly. Different hypotheses on transmission schemes, such as non-coherent TxD, SDM, etc., can be made by UE. Thereafter, the UE can possibly choose a subset of QCL groups, recommend one or more transmission schemes as candidates, and feed the corresponding CSI back to the network.  
By combining the above mentioned feedback information, CSI with respect to both coherent and non-coherent transmissions can be obtained.
Proposal 5: CSI feedback framework can also be built up based on grouping of antenna ports, e.g.,
· Alt-1: to support coherent transmission, measure and feedback CSI for one or more QCL group(s) independently
· Alt-2: to support non-coherent transmission, measure and feedback CSI for more than one QCL groups jointly
· Alt-3: measure and feedback the CSI for both coherent & non-coherent transmissions
Also, for sake of scalability again, control signaling for non-coherent transmission should also be designed to keep independency of each QCL group as much as possible. For instance, control information regarding DMRS port(s) allocation, SCID and even resource allocation could be indicated on QCL group basis. For spatial multiplexing, if the layers from the same codeword are constrained to be mapped to the same QCL group, the same control signaling format can be used for coherent transmission and non-coherent transmission in each QCL group.
Proposal 6: control signaling for non-coherent transmission should also be designed to keep independency of each QCL group as much as possible.
Conclusions
In this contribution, we present our views on design of coherent an non-coherent MIMO transmissions based on antenna array with multiple panels. The following observations and proposals were made based on the discussion above: 
Observation 1: All the antenna ports used in coherent MIMO transmission can be assumed to be quasi co-located.
Observation 2: Not all the antenna ports used in non-coherent MIMO transmission can be assumed to be quasi co-located.
Proposal 1: FFS the feasibility of introducing more than 2 codewords in non-coherent transmission, based on evaluations of performance, complexity and overhead. 
Proposal 2: No more than 2 codewords should be used for one QCL group.
Proposal 3: Consider the mapping schemes described in section 3.1 for layer and port mappers in coherent and non-coherent transmissions.
Proposal 4: Antenna ports can be UE-specifically grouped according to their QCL relationship between each other. Antenna ports within a QCL group can be assumed to be QCL-ed, while one cannot make such assumption on the QCL relationships between the antenna ports with different QCL groups.
Proposal 5: CSI feedback framework can also be built up based on grouping of antenna ports, e.g.,
· Alt-1: to support coherent transmission, measure and feedback CSI for one or more QCL group(s) indepently
· Alt-2: to support non-coherent transmission, measure and feedback CSI for more than one QCL groups jointly
· Alt-3: measure and feedback the CSI for both coherent & non-coherent transmissions
Proposal 6: control signaling for non-coherent transmission should also be designed to keep independency of each QCL group as much as possible.
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