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Introduction
In RAN1 #87 meeting, Nov. 2016 [1] and NR Adhoc, Jan. 2017 [2], the following agreement was made for NR:
Agreements:
· 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
Agreements:
· At least Type I CSI feedback should support multi-panel scenarios by choosing one of the two following alternatives:
· Alt1: only wideband co-phasing factor across panels
· Alt2: wideband and subband co-phasing factor across panels 
· At least the following criteria should be used:
· Performance-overhead tradeoff
· Description of design goal, e.g. for channel compensation or hardware impairments  
· FFS: How to capture this feature (co-phasing factor across panels) in codebook design
· Examples: in W3 with W1W2W3, W1W3W2 or W3W1W2 structure, W1W2 where multi-panel co-phasing is included in either W1 or W2
Other examples are not precluded

In this contribution, we discuss multi-TRP and multi-panel transmission. 
Discussion	
In [3], we provided our view on NR MIMO operation scenario as follows.
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Figure 1 Envisioned DL/UL transmission scenarios for NR MIMO technology
First mode of operation is single stream SU-MIMO. In this scenario, not only single panel at the TRP but also multi panels (deployed at same or different TRP) can be utilized for the data transmission to one UE. This mode of operation is very important to cover coverage limited scenario. Single point SM SU-MIMO, single point diversity SU-MIMO or multi-point diversity SU-MIMO should be supported for this mode of operation. In this mode of operation, high gain / narrow beam (i.e. single narrow beam) transmission can be provided for coverage limited UEs by using the same beamforming and joint precoding across TRP antenna panels. It is worth note that even for single point transmission, the number of beams for reception at UE can be more than one. This is due to multiple panels at UE, whose boresight angle may be different each other to cover all spatial angle. In this case, the corresponding number of beams at TRP also may be more than one. And thus, in addition to phase compensation (co-phasing between different panels), it is beneficial to apply different beams for different panels otherwise not all antennas are used for data transmission.


Figure 2 Example of multiple panel, multiple beams for single stream transmission
Observation 1. Different beam pair link may be applied for different panels to maximize SNR in rank-1 SU-MIMO operation. This mode of operation is similar to coherent JT. 
 Second mode of operation is multi stream SU-MIMO. In this scenario also, not only single panel at TRP but also multi panels (deployed at same or different TRP) can be utilized for the data transmission to one UE. Single point SM SU-MIMO, single point higher order SM SU-MIMO, multi-point higher order SM SU-MIMO should be supported for this mode of operation. To improve the peak data rate of the UE, different beam selection for different panel should be supported. This is due to the rank of channel with a single beam is reduced as the number of antennas for data transmission is increased. In order to secure higher rank channel, different signal can be sent to different cluster/beam directions. 
Observation 2. Different beam pair link should be applied for different panels to maximize data rate in higher rank SU-MIMO operation. This mode of operation is similar to non-coherent JT. 
Third mode of operation is single point MU-MIMO. In this mode of operation, different UE may prefer different beam directions. Thus, different beam selection for different panel should be supported.
Observation 3. Different beam pair link should be applied for different panels to support MU-MIMO operation. 
From all of operation scenario, we can conclude that it is beneficial to support different beam selection for different panel.
Proposal. For multi-panel based transmission and reception, NR supports different beam selection for different panel. 
In order to support aforementioned operation scenario, we should consider different beam selection for different panel in NR codebook design. In this case, whether data transmission is done by single TRP or multiple TRP can be transparent to UE, and thus NR can support all of transmission scheme with a single CSI feedback method.
Observation 4. Multiple beam selection capability codebook together with phase compensation between panels is an unified CSI feedback which can support single point SM SU-MIMO, single point higher order SM SU-MIMO, single point diversity SU-MIMO, single point MU-MIMO, multi-point higher order SU-MIMO, and multi-point diversity SU-MIMO.
Summary 
In this contribution we discussed multi-TRP and multi-panel transmission.  
The following observations were made:
· Different beam pair link should be applied for different panels to maximize SNR in rank-1 SU-MIMO operation. This mode of operation is similar to coherent JT. 
· Different beam pair link should be applied for different panels to maximize data rate in higher rank SU-MIMO operation. This mode of operation is similar to non-coherent JT.
· Different beam pair link should be applied for different panels to support MU-MIMO operation. 
· Multiple beam selection capability codebook together with phase compensation between panels is an unified CSI feedback which can support single point SM SU-MIMO, single point higher order SM SU-MIMO, single point diversity SU-MIMO, single point MU-MIMO, multi-point higher order SU-MIMO, and multi-point diversity SU-MIMO.
Based on the observations the following proposals was made:
· For multi-panel based transmission and reception, NR supports different beam selection for different panel.
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