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1. Introduction
In RAN#91 meeting, the NR_RF_FR1_enh WI was updated and agreed in [RP‑210899] to add the following objective:
· 4) Specify RF requirements for intra-band UL contiguous CA for UL MIMO. This objective can also apply to UL Tx switching. Consider n41C and n78C as example band combinations.
The following justification is provided:

In Rel-16, intra-band UL contiguous CA MPR requirement evaluation takes 1PA/1LO architecture as the reference RF architecture, however 2PA/2LO architecture is not precluded in implementation. UL MIMO support can be signaled per Band combination per CC for CA, but there is no RF requirements for UE support both intra-band UL CA and UL MIMO. In Rel-16, emission requirements for UL MIMO is clarified as the sum of the connectors, while it has impact on MPR requirement, i.e. the UE cannot use the same MPR requirement defined for non-MIMO. So it is necessary to define the RF requirements for intra-band UL CA for UL MIMO.

In this paper, a general analysis was done for Intra-band UL contiguous CA for UL-MIMO. A detailed case-by-case study was also done for all the Tx characteristics on how they would be defined and what the requirements would be.
2. Discussion
Feature Introduction

The current Tx Switching in Rel-17 has introduced a scenario that UL-MIMO and intra-band contiguous CA would happen simultaneously. However, this is a general case which is not defined yet. According to the discussion in RAN#91, the corresponding objective was added.

· 4) Specify RF requirements for intra-band UL contiguous CA for UL MIMO. This objective can also apply to UL Tx switching. Consider n41C and n78C as example band combinations.
Requirements Analysis
For the two uplink features, UL-MIMO and intra-band contiguous uplink CA, the way of the requirements was defined was summarized in the 2nd and 3rd column of following Table 1. This can be a basis of how UL-MIMO + Intra-band UL contiguous CA case was defined, and many of the new requirements can actually be achieved by fairly simple extention.
For UL-MIMO, generally there are three conditions:

· Per-UE: Requirements were per UE and using 1Tx requirement, e.g. UE maximum output power
· Per connector: Requirements were per-connector defined and using 1Tx requirement, e.g. Transmit OFF power
· Difference between 2Tx: Unique for 2Tx such as alignment error
For intra-band UL C CA, generally these conditions are:

· Per-UE: Requirements were per-UE, sum of all the CCs or with all the CCs on; e.g. Maximum output power

· Per-carrier: Requirements were per-UE, e.g. minimum output power;

· N/A: Not applicable, e.g. alignment error

· Others: Special configuration such as EVM

The summary and analysis are as following:
Table 1. Tx Characteristics Background and analysis for UL-MIMO + Intra-band UL C CA
	Tx characteristics
	UL-MIMO 
	Intra-band UL C CA
	UL-MIMO + 

Intra-band UL C CA

	UE maximum output power
	6.2D.1

Per-UE (Sum of each Tx)
	6.2A.1.1

Per-UE (Sum of each CC)
	Per-UE

(Sum of all Tx and CC)

	UE maximum output power reduction
	6.2D.2

Per-UE

[Requirements under discussion]
	6.2A.2.1

Per-UE
	[FFS, Per-UE but requirements need study]

	UE addition maximum output power reduction
	6.2D.3

Per-UE
	6.2A.3.1.1
Per-UE
	Per-UE

	Configured transmitted power
	6.2D.4

Per-UE, defined for one CC
	6.2A.4.1.1
Per-UE
	Per-UE

	Minimum output power 
	6.3D.1

Per-UE
	6.3A.1.1
Per-carrier
	Per-carrier, sum of 2Tx

	Transmit OFF power
	6.3D.2

Per connector
	6.3A.2.1
Per-carrier
	Per-carrier per connector

	Transmit ON/OFF time mask
	6.3D.3

Per connector
	6.3A.3.1
Per-carrier
	Per-carrier per connector

	Power control 
	6.3D.4

Per-UE
	6.3A.4.1
Per-carrier
	Per-carrier, sum of 2Tx

	Frequency error
	6.4D.1

Per connector
	6.4A.1.1
Per-carrier
	Per-carrier per connector

	Transmit modulation quality (EVM, Carrier leakage, IBE and EVM spectrum flatness)
	6.4D.2

[Per antenna connector. Under discussion]
	6.4A.2.1
Both active and RB allocation in one carrier
	[FFS]

	Time alignment error 
	6.4D.3

Difference between 2Tx
	N/A
	[N/A]

	Requirements for coherent
	6.4D.4

Difference between 2Tx
	N/A
	[N/A]

	Occupied bandwidth 
	6.5D.1

Per-UE
	6.5A.1.1a
Per-UE
	Per-UE

	Out of band emission
	6.5D.2

Per-UE
	6.5A.2.2.1
Per-UE 
	Per-UE

	Spurious emission 
	6.5D.3

Per-UE
	6.5A.3
Per-UE
	Per-UE

	Transmit intermodulation
	6.5D.4

Per connector
	6.5A.4.2.1
Per-UE
	Per connector, 2carreirs active


Based on those conditions, a tentative suggestion was raised for UL-MIMO + Intra-band UL C CA, the following conditions and explanations, and for these cases, the basic requirements of 1Tx single carrier case can generally be reused:
· Per-UE: In case UL-MIMO and CA are per-UE, the combined feature should also be per-UE and using same per-UE requirement; e.g. maximum output power;

· Per-carrier, sum of 2Tx: In case UL-MIMO requirement is per UE and CA requirements is per carrier. e.g. Minimum output power;

· Per-carrier per connector: In case UL-MIMO is per connector and CA is per carrier, e.g. Transmit OFF power

· Per connector, 2carreirs active: In case UL-MIMO is per connector and CA is per UE, e.g. Transmit intermodulation

· [N/A]: For the requirements that do not applicable for CA, it is proposed also not to setup requirements for UL-MIMO+CA case. Specifically, Time alignment error and Requirements for coherent would be sufficiently verified in non-CA case, and it is not necessary to do another check for CA+UL-MIMO;
Proposal 1:  Extend most of the requirements of UL-MIMO + Intra-band C CA based on current configuration and basic requirements.
In addition, there are two special case that requirements may not be obtained by simple extension:

· MPR: The UL-MIMO MPR belongs to 2Tx case and is still under discussion, CA case also used different scheme compared to single carrier case, more study is needed and single carrier requirements can not be directly extended.

· Transmit modulation quality: This is also a bit complicated since special single-carrier based method was actually used for CA case and there is currently an unsettled discussion on how UL-MIMO EVM should be done.
Proposal 2: For MPR and Transmit modulation quality requirements, special attention and some study is needed for UL-MIMO + Intra-band C CA.
It is proposed to use the case-by-case study in the Table 1 as a basis.
Proposal 3: The detailed case-by-case requirements analysis in Table 1 be used as a basis for the requirments definition.
3. Conclusion

In this contribution, a detailed case-by-case study was also done for all the Tx characteristics on how they would be defined and what the requirements would be. The following proposals were provided:
Proposal 1:  Extend most of the requirements of UL-MIMO + Intra-band C CA based on current configuration and basic requirements.
Proposal 2: For MPR and Transmit modulation quality requirements, special attention and some study is needed for UL-MIMO + Intra-band C CA.
Proposal 3: The detailed case-by-case requirements analysis in Table 1 be used as a basis for the requirments definition.
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