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Introduction
In RAN4#99-e, discussion for Intra-band UL contiguous CA for UL-MIMO was documented in [1] and a WF [2] was approved, in which there is following part for signaling:
· In RAN4 #99-e meeting, it is proposed to Report the UE supported aggregated CBW for UL CA+UL MIMO feature to NW.
· RAN4 further check whether new capability signalling is needed for CA+MIMO and decide in next RAN4 meeting.
In this paper, we discuss some related capability and discuss a more fundamental question that whether we need to define a new capability for UL-MIMO support in CA case.
Discussion
Current signalling for UL-MIMO
Currently the UL-MIMO support capability was implicitly defined in 38.306 clause 4.2.7.8 FeatureSetUplinkPerCC parameters as following:
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	maxNumberMIMO-LayersCB-PUSCH
Defines supported maximum number of MIMO layers at the UE for PUSCH transmission with codebook precoding. UE indicating support of this feature shall also indicate support of PUSCH codebook coherency subset. This feature is not supported for SUL.
	FSPC
	No
	N/A
	N/A



It is noted that this is per FSPC which means “Feature Set Per Component-carrier”. This means that this per CC based capability, while independent to CA.
This is originated from Layer 1 feature list which can reference to 38.822 which is as following:
[image: ]
Observation 1: In current spec, UL-MIMO is a per-CC capability, which is independent with CA. 
So from the spec itself, it is quite straight forward to have the following further observation:
Observation 2: In currently capability definition, if UL-MIMO support were reported in the CCs for CA, theoretically CA and UL-MIMO should be supported simultaneously unless stated otherwise.

Implementation restriction
Although the spec itself seems simple and clear, the real implementation is not necessarily can satisfy them. For example, there exists some possible architecture, that can report per-CC UL-MIMO support and CA support respectively, though not able to support them simultaneously. Let’s take two 100MHz PA architecture as an example, this can support single carrier UL-MIMO, while also can support intra-band CA with an aggregated bandwidth of 200MHz, but not possible to support them simultaneously. This clearly not aligned with current capability signalling scheme that do not have this dependency and restriction.
However, it should also be noted that the example architecture may not be that typical. E.g. all the candidate reference RF architectures for CA+MIMO MPR requirements evaluation in WF [2] use 1 LO as a basic assumption, it means all the PAs are supposed to use the whole bandwidth.
Observation 3: There exists some architecture, though not necessarily typical, can support CA and UL-MIMO respectively but not simultaneously. These implementations are somewhat contradicting with current signalling scheme.
Based on the current situation, if we consider these implementations are still reasonable and should be incorporated with specification, new capability may be needed to point out this situation. If we think those architecture are not typical and do not have to be considered, we may keep the current signalling scheme to keep the simplicity.
Observation 4: Keep current signalling unchanged may preclude some implementations which is not typical.

Based on the current situation, there is the following proposal:
Proposal: Discuss whether there is a need to develop new signalling for support of CA + UL-MIMO and the two tentative options are:
	Option 1: Yes. Incorporate implementations with narrowband PA.
	Option 2: No. Preclude implementation with narrowband PA

Conclusion
In this paper, we discuss some related capability and discuss a more fundamental question that whether we need to define a new capability for UL-MIMO support in CA case. The following observations and proposal are provided: 
Observation 1: In current spec, UL-MIMO is a per-CC capability, which is independent with CA. 
Observation 2: In currently capability definition, if UL-MIMO support were reported in the CCs for CA, theoretically CA and UL-MIMO should be supported simultaneously unless stated otherwise.
Observation 3: There exists some architecture, though not necessarily typical, can support CA and UL-MIMO respectively but not simultaneously. These implementations are somewhat contradicting with current signalling scheme.
Observation 4: Keep current signalling unchanged may preclude some implementations which is not typical.

Based on the current situation, there is the following proposal:
Proposal: Discuss whether there is a need to develop new signalling for support of CA + UL-MIMO and the two tentative options are:
	Option 1: Yes. Incorporate implementations with narrowband PA.
	Option 2: No. Preclude implementation with narrowband PA
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