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1. Introduction
RAN4 needs to determine requirements on FR1 UEs that support CA, prior to release 15 deadline. In this paper we address Transmit signal quality for intra-band CA for UEs.
2. Discussion

For intra-band CA, it is useful to define a ‘safe spectrum’ that is known to lie inside the operator’s licensed band. This quantity is called ‘composite aggregated spectrum’ for the purposes of this paper. The composite aggregate bandwidth comprises all configured DL and UL CCs of the UE.

Proposal 1: A composite aggregated spectrum is the frequency region that comprises all DL and UL CCs configured in a UE for CA.

The concept of composite aggregated spectrum as ‘safe spectrum’ proves useful to define some aspects of Transmit Signal Quality. 

In the subsections below, each subsection of Transmit Signal Quality is treated individually.

Frequency error 

For intra-band CA, there are no special frequency accuracy requirements other than those already required for single CC operation. 

Proposal 2: No new requirements for frequency error in intra-band CA operation shall be defined.
Proposal 3: Inter-band CA requirements shall be patterned after FR1.

Error vector magnitude 
Proposal 4: For CA operation EVM requirement shall be patterned on LTE practice.
Details of this proposal are below:
For the intra-band contiguous and non-contiguous carrier aggregation, the Error Vector Magnitude requirement should be defined for each component carrier. Requirements only apply with PRB allocation in one of the component carriers. Similar transmitter impairment removal procedures are applied for CA waveform before EVM calculation as is specified for non-CA waveform.
The EVM requirements are according to Table 2.1 if CA is configured in uplink. 
Table 2.1: Minimum requirements for Error Vector Magnitude

	Parameter
	Unit
	Average EVM Level (%)

	Pi/2 BPSK 
	%
	30

	QPSK 
	%
	[17.5]

	16 QAM 
	%
	[12.5]

	64 QAM 
	%
	8

	256 QAM
	%
	3.5


Proposal 5: For inter-band carrier aggregation with uplink assigned to two NR bands, intra-band EVM requirements shall apply separately to component carriers in each band. 

(end proposal detail)
Table 2.1 contains agreed EVM requirements for single CC operation for FR1. 
Carrier leakage 

This composite aggregate bandwidth defined in proposal 1 above is a valid basis for applying the carrier leakage exception spec. Note that the composite aggregate bandwidth may not be contiguous.
Proposal 6: Carrier exception for intra-band CA is applicable over the composite aggregate bandwidth.
Proposal 7: Carrier exception shall be consistent with carrier exception for single CC operation.

For non-contiguous CA operation, there is a possibility that the UE could place its carrier in the ‘hole’ between licensed chunks of spectrum. In this case carrier leakage exception is not applicable. Carrier leakage must comply with spurious emission requirements (-13dBm/MHz). 
Proposal 8: For inter-band carrier aggregation with uplink assigned to two NR bands, intra-band carrier leakage requirements shall apply separately to component carriers in each band. 

Inband emissions
Arguments used to justify carrier leakage exception for CA apply equally to IQ image. Here too, non-contiguous CA operation presents the risk of allowing the image to fall in an un-licensed chunk of spectrum, so spec. exception must be limited to the composite aggregate bandwidth.
Proposal 9: Inband emission spec for CA shall provide IQ image exception, and it shall be applicable over the composite aggregate bandwidth.
Proposal 10: IQ image exception shall be consistent with IQ image exception for single CC operation.

IQ image that falls outside the composite aggregated spectrum must comply with spurious emission requirements (-13dBm/MHz).

Proposal 11: For inter-band carrier aggregation with uplink assigned to two NR bands, intra-band inband emissions requirements shall apply separately to component carriers in each band. 

EVM equalizer spectrum flatness 

Using LTE practice as precedent, for intra-band CA, no special requirements shall be specified other than those already specified for single CC operation. 

Proposal 12: No new requirements for EVM equalizer spectrum flatness in CA operation shall be defined.

3. Conclusion
For FR2 CA operation, we have proposed requirements for type 1 UE for Transmit Signal Quality.

Proposal 1: A composite aggregated spectrum is the frequency region that comprises all DL and UL CCs configured in a UE for CA.

Proposal 2: No new requirements for frequency error in CA operation shall be defined.

Proposal 3: For CA operation EVM requirement shall be patterned on LTE practice.

Proposal 4: For CA operation EVM requirement shall be patterned on LTE practice.

Proposal 5: For inter-band carrier aggregation with uplink assigned to two NR bands, intra-band EVM requirements shall apply separately to component carriers in each band. 

Proposal 6: Carrier exception for intra-band CA is applicable over the composite aggregate bandwidth.

Proposal 7: Carrier exception shall be consistent with carrier exception for single CC operation.

Proposal 8: For inter-band carrier aggregation with uplink assigned to two NR bands, intra-band carrier leakage requirements shall apply separately to component carriers in each band. 

Proposal 9: Inband emission spec for CA shall provide IQ image exception, and it shall be applicable over the composite aggregate bandwidth.

Proposal 10: IQ image exception shall be consistent with IQ image exception for single CC operation.

Proposal 11: For inter-band carrier aggregation with uplink assigned to two NR bands, intra-band inband emissions requirements shall apply separately to component carriers in each band. 

Proposal 12: No new requirements for EVM equalizer spectrum flatness in CA operation shall be defined.

These proposals are incorporated into companion draft CRs [1],[2].
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