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Discussion and Decision
1
Introduction
At the last RAN1 NR ad hoc meetting, the following agreement was reached regarding the codebook design for multi-panel MIMO in NR [1]:
	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 consider the design of codebooks for multi-panel antenna arrays.
2
Codebook Design for Multi-Panel Arrays
Figure 1 shows the multi-panel antenna array architecture.  The problem of designing a codebook to support a TRP array having multiple panels depends on how the ports are transmitted from the multiple panels.  We consider two cases, where the first case is where the ports from each panel are non precoded (e.g., one TXRU per radiating element), and the second case is where the ports formed from a panel are created, selected, and controlled according to beam management procedures.  
With non-precoded ports on each panel, the codebook has to handle the ports arranged according to Figure 1, where CSI-RS would be transmitted out of each antenna element indicated in Figure 1.  A multi-stage codebook design can be used where the precoder for the n’th panel has a W1(n)W2(n) structure, where W1(n) is the W1 for panel n, and W2(n) is the W2 for panel n.  Each W1(n) could be wideband in nature, whereas each W2(n) can be sub-band in nature.  Co-phasing across multiple panels can be achieved either through the use of a W3 or by incorporating the W3 functionality into the W2(n).  If the panels at the TRP are identical, then a reduced complexity option is to constrain all the W1(n) to be the same for all panels.  The benefits of allowing the W1(n) to be different would need to be studied.  Furthermore, existing designs for W1 can be used in the codebook design.  
Observation 1:  For multi-panel arrays with non-precoded ports on each panel, the codebook design can leverage a W1W2 structure on each panel, where the precoder on the n’th panel can be W1(n)W2(n).  The cross-panel co-phasing can then be handled either by defining a W3 or by embedding the W3 functionality into W2(n).  

Proposal 1:  For multi-panel arrays with non-precoded ports on each panel, study the benefits of constraining the W1(n) on each panel to be identical versus different.  
Proposal 2:  For multi-panel arrays with non-precoded ports on each panel, existing designs for W1 should be the baseline for the precoder on each panel.  
On the other hand, with precoded ports on each panel (e.g., ports formed by beam-managed RF beams), the codebook only has to handle the ports created by RF beam management process.  In this case, the W1W2 (with optional W3) structure mentioned above would not be applicable since there wouldn’t be a W1(n) to be fed back.  The W1 functionality would be performed by the RF beams formed and managed through the beam management process.  A simple approach then would be to leverage existing codebook designs for antenna port arrangements that are consistent with the ports formed on the multiple panels.  This approach should be the baseline going forward. 
Observation 2:  For multi-panel arrays with precoded or beamformed ports on each panel, the beam management process can create and manage the beams that form the ports on each panel.  As a result, existing codebook designs can be used over the ports formed from the beam management operation.  

Proposal 3:  For multi-panel arrays with precoded or beamformed ports on each panel, consider as a baseline the use of existing codebook designs that are applicable to port arrangements consistent with the panel structure used by the TRP.  
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Figure 1. Multi-panel antenna array architecture

3
Conclusions
In this contribution, we made the following observations 

Observation 1:  For multi-panel arrays with non-precoded ports on each panel, the codebook design can leverage a W1W2 structure on each panel, where the precoder on the n’th panel can be W1(n)W2(n).  The cross-panel co-phasing can then be handled either by defining a W3 or by embedding the W3 functionality into W2(n).
Observation 2:  For multi-panel arrays with precoded or beamformed ports on each panel, the beam management process can create and manage the beams that form the ports on each panel.  As a result, existing codebook designs can be used over the ports formed from the beam management operation.  

Based on the above observations, we made the following proposals:

Proposal 1:  For multi-panel arrays with non-precoded ports on each panel, study the benefits of constraining the W1(n) on each panel to be identical versus different.  
Proposal 2:  For multi-panel arrays with non-precoded ports on each panel, existing designs for W1 should be the baseline for the precoder on each panel.  
Proposal 3:  For multi-panel arrays with precoded or beamformed ports on each panel, consider as a baseline the use of existing codebook designs that are applicable to port arrangements consistent with the panel structure used by the TRP.  
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