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1. Introduction
In RAN#92, The coherent MIMO have been moved in scope and we have agreements as follows [1]:

· UL gap for coherent UL MIMO is within the scope of WI for FR2 enhancement.
· We should follow the previous agreement for the further discussion in phase I.
· Performance gain of coherent MIMO with calibration versus different gap overhead.  
· NW impacts with respect to gap type (e.g., type 1 or 2) and the codebook assumption alignment between UE and NW

In this contribution, we share some views on these issues. 
2. Discussion
2.1 Performance gain
The gap for coherent MIMO calibration has been discussed several meetings. The significant performance gain of coherent MIMO has already been shown in R15, but what is the gain from calibration with gap still seems to be ambiguous. In RAN4#97e, we made consensus as follows: 

· Performance evaluation should focus on the testable improvements with and without gap (R16 baseline). 
· R16 baseline should be the RF performance requirements defined in current spec, and the assumption behind is that UE has no UL gap for calibration.

Considering the description of coherent MIMO in current spec, there are two possible performance gains based on R16 baseline:

Option 1: If the calibration with gap is introduced, the requirement for relative difference of phase/power can be reduced.
Option 2: If the calibration with gap is introduced, the requirements remain the same, but the side condition can be removed.

Obviously, option 1 is more align with the previous agreement which reflect the improvement of requirement, but companies also mentioned that the coherent MIMO is actually hard to work due to the various restrictions in the current spec. In our understanding, option 2 is also an aspect of requirement improvement which can enlarge the applicability of this feature.

Proposal 1: The performance gain of coherent MIMO calibration can be shown by removing the side condition in current spec if the UL gap is configured. 
2.2 New UE capability for coherent MIMO
The UE capability of coherent MIMO has already been defined as Figure 1
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Figure 1. UE capability for coherent MIMO in TS 38.331
If the gap calibration is introduced, in our understanding, in some cases there will be an association between coherent MIMO capability and UL gap, and the current coherent MIMO capability cannot describe these situations, as shown in Table 1:
Table 1 capability change while UL gap is introduced
	
	Coherent MIMO capability without UL gap
	Coherent MIMO capability with UL gap

	Case1
	nonCoherent 
	partialCoherent

	Case2
	nonCoherent
	fullCoherent

	Case3
	partialCoherent
	fullCoherent 


   
Some UEs may not be able to support the coherent MIMO feature by themselves, but when UL gap is configured, the calibration may help the UEs to achieve higher capability, and NW can schedule PUSCH with corresponding codebook. In addition, both capability (with/without gap) is needed because UE may not always be configured with UL gap which depend on the NW, and when gap is not configured, the UE will fallback to original 

Observation 1: The UL gap may help UE to enable higher capability but current coherent MIMO capability structure cannot indicate the change clearly.  

Proposal 2: New UE capability for coherent MIMO with UL gap should be introduced, e.g., pusch-TransCoherenceWithULgap {partialCoherent, fullCoherent}, to clarify the capability improvement of the calibration by UL gap.
2.3 Gap type
Based on the discussion of previous meeting, we have two types of gaps:

· Type 1: No UL scheduling during the gap is needed. NW can assign those resources to other UE for UL transmission.
· Type 2: UL scheduling, including dedicated time and frequency resources reserved for self-calibration and monitoring, during the gap is needed. NW cannot assign those resources to other UE for UL transmission.

The type 2 gap is considered to be used to calibrate the signal itself, so coherent MIMO is more suitable to use this type of gap because the calibration should ensure that the amplitude and phase error of the port meets the requirements.

Observation 2: The calibration of coherent MIMO is related to signal itself to ensure that the amplitude and phase error of the port meets the requirements.

In our understanding, the reason why UE require the type 2 gap to calibrate the signal itself is because the UE cannot perform real-time measurement while transmitting data, and requires the RF chain to alternately act as a feedback to perform calibration. In the last meeting, some companies seem to imply that UE can perform calibration for coherent MIMO in baseband while PUSCH is transmitting. If the chip vendor concludes the UE can perform coherent MIMO calibration without gap, then no more discussion is needed.

Proposal 3: It is suggested that the chip vendor confirm whether the coherent MIMO calibration can always be performed in the baseband at the same time as the PUSCH transmission, to confirm whether the UL gap is needed.

Proposal 4: If the gap is needed, type 2 gap should be used for coherent MIMO calibration.
3. Conclusion
In this contribution, we discuss the issues about the gap for coherent MIMO calibration, and our proposals are as follows: 
Observation 1: The UL gap may help UE to enable higher capability but current coherent MIMO capability structure cannot indicate the change clearly.

Observation 2: The calibration of coherent MIMO is related to signal itself to ensure that the amplitude and phase error of the port meets the requirements.

Proposal 1: The performance gain of coherent MIMO calibration can be shown by the side condition in current spec will be removed if the UL gap is configured. 

Proposal 2: New UE capability for coherent MIMO with UL gap should be introduced, e.g., pusch-TransCoherenceWithULgap {partialCoherent, fullCoherent}, to clarify the capability improvement of the calibration by UL gap. 

Proposal 3: It is suggested that the chip vendor confirm whether the coherent MIMO calibration can always be performed in the baseband at the same time as the PUSCH transmission, to confirm whether the UL gap is needed.

Proposal 4: If the gap is needed, type 2 gap should be used for coherent MIMO calibration.
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MIMO-ParametersPerBand information element

-- ASNISTERT
-- TAG-MIMO-PARAMETERSPERBAND-START

MIMO-ParametersPerBand : SEQUENCE {
tci-StatePDSCH SEQUENCE {
maxNumberConfiguredTCIstatesPercC ENUMERATED {n4, n8, nl6é, n32, né€4, nl28} OPTIONAL,
maxNumbsrActiveTCI-PerBWE ENUMERATED {nl, n2, n4, n8} OPTIONAL
} OPTIONAL,
additionalActiveTCI-StatePDCCH ENUMERATED {supported} OPTIONAL,
‘pusch-TransCoherence [ENUMERATED {nonCoherent, partialCoherent, fullCoherent}| OPTIONAL,
beamCorrespondenceWithoutUL-BeamSweeping ENUMERATED {supported} OPTIONAL,
periodicBeamReport ENUMERATED {supported} OPTIONAL,
aperiodicBeamReport ENUMERATED {supported} OPTIONAL,
sp-BeamReportPUCCH ENUMERATED {supported} OPTIONAL,
sp-BeamReportPUSCH ENUMERATED {supported} OPTIONAL,
Qummyl DummyG OPTIONAL,

maxNumberRxBeam INTEGER (2..8) OPTIONAL,




