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1 Background
The item 9.1.4.1 treats aspects of multi-panel uplink transmissions. 
In the FL summary of 9.1.4.1 from RAN WG1 #110, we have the following issue related to capability reporting.
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In this document we provide further views on capability reporting to enable multi-panel operation.

Capability reporting of antenna panel properties
An antenna panel is a physical object, and different panels mounted on the same UE may be differently implemented and/or have different capabilities. Thus, to enable UL precoding across multiple panels, it may be important to consider necessary capability reporting to fully utilize the potential of UL precoding for multi-panel transmission. In R1-2206111 we have proposed to consider a number of such properties. Moreover, 3GPP discussions appear to focus on the two-panel case. However, in a later phase, this may change. Therefore, we argue that 3GPP should already now take this into consideration and ensure that techniques agreed upon are easily extendable to more than two panels.

Observation 1	3GPP should ensure that the specification is flexible enough so that more than two panels are easily dealt with at a later stage. 


In Table 1 we list further properties that we consider important to provide capability reporting of. Although not all of these are directly related to UL precoding indication, the identified properties provide the gNB with improved control of the uplink, rendering improved resource scheduling of the overall system.



	Property
	Comments

	Port mapping per panel.
	Included in R1-2206111. Proposed method extends to more than two panels.

	Beam correspondence per panel.
	Included in R1-2206111. Some panels may not support beam correspondence.

	Receive/Transmit only panel.
	Included in R1-2206111. Some panels may be limited to receive/transmit mode only.

	Polarization reporting per panel.
	Some panels may be single polarized. For two and more layers, this implies that layers must be spatially separated; this is of concern mostly for FR2.  

	Panel – module association.
	Applicable for more than two panels. Two or more panels may belong to the same physical module. Wherefore, such panels cannot be individually de-activated. 



Table 1: Properties amenable for capability reporting

Discussion of Table 1
Properties 1-3

We briefly review the need of capability reporting of properties 1-3; a slightly more elaborate discussion can be found in 
R1-2206111.

There is consensus among companies to indicate the supported port mapping combinations across panel. For two panels, 
an agreement has been reached to support {1+1,1+2,2+1 and 2+2}, and FFS on layer combinations {1+3} and {3+1}. We 
believe it is worthwhile to already now study port mapping indications that take height for more than two panels at the UE. 

Proposal 1	3GPP should study efficient methods to report the supported port combinations which easily extend to more than 2 panels. A starting point can be the method in R1-2206111.

For some UEs, some panels may be of lesser quality than others and/or poorly calibrated. Therefore, the UE may lack beam correspondence at a subset of its panels. We propose to signal lack of beam correspondence per panel.
Proposal 2	Beam correspondence can be signaled as a capability per panel.


For some UEs in certain applications, some panels may only be capable of either transmission or reception, bot not both. We propose that the UE can signal as a capability if some panels are limited to either transmission or reception.
Proposal 3	If some UE panels are transmit or receive only, this can be signaled as a capability.




Properties 4-5
 
The rationale behind reporting of the fourth property - polarization reporting per panel – is that the gNB must expect the 
arriving signal to come from multiple directions in case dual layers are configured from a single polarized panel. This
implies an increase of beam management in FR2. The gNB may, hence, indicate to the UE to limit said panel to a single 
layer.

The fifth property - Panel – module association – provides the gNB with flexibility to configure the active set of UE
Panels in an optimal manner. For example, deactivation of a panel belonging to a module with an active panel does not 
bring any power saving for the UE. For UEs with more than 2 panels, the gNB may indicate to the UE that two panels 
belonging to the same module should be used, rather than using one panel from the multi-panel module, and another panel 
from a second module. 

We do not preclude that other panel properties may impact precoding indication. Wherefore, we make the general proposal:
 
Proposal 4	3GPP should discuss capability reporting associated to multi-panel transmission in conjunction to its work on multi-panel transmissions. The reported capabilities may impact transmission strategies. 


Conclusion

Observation 1	3GPP should ensure that the specification is flexible enough so that more than two panels are easily dealt with at a later stage. 

Proposal 1	3GPP should study efficient methods to report the supported port combinations which easily extend to more than 2 panels. A starting point can be the method in R1-2206111.

Proposal 2	Beam correspondence can be signaled as a capability per panel.


Proposal 3	If some UE panels are transmit or receive only, this can be signaled as a capability.

Proposal 4	3GPP should discuss capability reporting associated to multi-panel transmission in conjunction to its work on multi-panel transmissions. The reported capabilities may impact transmission strategies. 
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