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1 Introduction
In Rel-14 WI is approved in last plenary with the following performance objectives. 

· Specify performance requirements for the following deployment scenarios with multi-carriers up to 5 CCs with the same methodology by applying single carrier requirement to each carrier of multi-carrier scenarios: FDD/TDD CA, TDD-FDD CA and DC:

· Extend existing CA (including FDD/TDD CA, TDD-FDD CA, DC) tests from 2Rx to 4Rx

· Extend existing 2RX and/or 4RX tests with MMSE-IRC receiver from single carrier to CA (including FDD/TDD CA, TDD-FDD CA, DC)  
· Study to extend existing 4Rx with 3 and 4 layers tests from single carrier to CA (including FDD/TDD CA, TDD-FDD CA, DC)

· Study to extend existing 4Rx and 256QAM with 1 and 2 layers tests from single carrier to CA (including FDD/TDD CA, TDD-FDD CA, DC)

· Specify SDR tests to cover all applicable UE categories with combination of MIMO layers, number of carriers and CA (including FDD/TDD CA, TDD-FDD CA, DC) bandwidth combinations

· Specify applicability rule for CA (including FDD/TDD CA, TDD-FDD CA, DC) and SDR tests to ensure the test coverage for all 4Rx capable UEs.
In this contribution we discuss the extension of existing 4Rx with 3 and 4 layers tests from single carrier to CA including FDD/TDD CA, TDD-FDD CA, DC.
2 Discussions

The existing single carrier 3/4 layers+4Rx tests are the following for FDD and TDD separatedly defined with TM3, TM4, TM9 with 10MHz only.
Table 8.10.1.1.7-2: Minimum performance Open Loop spatial multiplexing, 3 Layers with 4 Tx ports and 4 Rx ports

	Test number
	Bandwidth and MCS
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz

64QAM
	R.73 FDD
	OP.1 FDD
	EVA70
	4x4 Low
	70
	15.1
	≥5


Table 8.10.1.1.8-2: Minimum performance for Closed Loop spatial multiplexing, 4 Layers spatial multiplexing with 4 Tx ports and 4 Rx ports

	Test number
	Bandwidth and MCS
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz

16QAM 1/2
	R.74 FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	14.9
	≥5


Table 8.10.1.1.9-2: Minimum performance for for 4 Layer Spatial Multiplexing (User-Specific Reference Symbols)

	Test number
	Bandwidth and MCS
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz

16QAM
	R.75 FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	18.4
	≥5


Table 8.10.1.2.7-2: Minimum performance Open Loop spatial multiplexing, 3 Layers with 4 Tx ports and 4 Rx ports

	Test number
	Bandwidth and MCS
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz

64QAM
	R.73 TDD
	OP.1 TDD
	EVA70
	4x4 Low
	70
	14.9
	≥5


Table 8.10.1.2.8-2: Minimum performance for Closed Loop spatial multiplexing, 4 Layers spatial multiplexing with 4 Tx ports and 4 Rx ports

	Test number
	Bandwidth and MCS
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz

16QAM 1/2
	R.74 TDD
	OP.1 TDD
	EPA5
	4x4 Low
	70
	14.4
	≥5


Table 8.10.1.2.9-2: Minimum performance for for 4 Layer Spatial Multiplexing (User-Specific Reference Symbols)

	Test number
	Bandwidth amd MCS
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz

16QAM
	R.75 TDD
	OP.1 TDD
	EPA5
	4x4 Low
	70
	19.0
	≥5


In order to support CA with more bandwidth combinations such tests need to be extended to at least more bandwidths by following the the same methodology by applying single carrier requirement to each carrier of multi-carrier scenarios.
For the test structure it can be considered as the following example to define performance requirements to have multiple bandwidths as single carrier requirements to be applied to CA as shown in the table below.
Table XXXX-1: Single carrier performance for multiple CA configurations
	Bandwidth and MCS
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	5MHz
	R.XX FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	10 MHz

16QAM 1/2
	R.74 FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	[14.9]
	≥5

	15MHz
	R.XX FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	20MHz
	R.XX FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	TBD
	≥5


Proposal 1: Reuse the existing methodology to use single carrier requirement applied to each CC within all the different CA bandwidth combinations for 4Rx 3/4-layer CA tests. 
Proposal 2: 4Rx tests should be defined with 5, 10, 15, 20MHz as single carrier tests with 4Rx 3/4-layer. To save effort so far the focus could skip 1.4MHz and 3MHz tests.

Proposal 3: Extend all TM3, TM4 and TM9 3/4 layer tests single carrier tests to CA with 4Rx.
When it comes to UE complexity to support 4Rx 3/4-layer and CA it’s expected so far for 4Rx UEs to support maximum 5 CCs with 20MHz on each CC with 4Rx 2 layers. By theoretical calculation with equivalent complexity we think it’s not really challenged to have 4Rx 3/4-layer tests supported up to 3CCs with 20MHz on each CC so aggregated bandwidth as 60MHz.

Proposal 4: Define 4Rx 3/4-layer CA tests up to aggregated bandwidth as 60MHz with at least 3CCs.
Here there is a table for all proposed single carrier tests to be aligned among companies for future meetings.

Proposal 5: Take test cases from Table 1 to be aligned among companies for future meetings.

Table 1 Proposed test cases for 4Rx 3/4-layer single carrier tests to be aligned in future meeting

	TM
	Bandwidth and MCS
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	TM3 3 layers
	5MHz
	R.XX FDD
	OP.1 FDD
	EVA70
	4x4 Low
	70
	TBD
	≥5

	
	10 MHz

16QAM 1/2
	R.73 FDD
	OP.1 FDD
	EVA70
	4x4 Low
	70
	[15.1]
	≥5

	
	15MHz
	R.XX FDD
	OP.1 FDD
	EVA70
	4x4 Low
	70
	TBD
	≥5

	
	20MHz
	R.XX FDD
	OP.1 FDD
	EVA70
	4x4 Low
	70
	TBD
	≥5

	
	5MHz
	R.XX FDD
	OP.1 TDD
	EVA70
	4x4 Low
	70
	TBD
	≥5

	
	10 MHz

16QAM 1/2
	R.73 TDD
	OP.1 TDD
	EVA70
	4x4 Low
	70
	[14.9]
	≥5

	
	15MHz
	R.XX TDD
	OP.1 TDD
	EVA70
	4x4 Low
	70
	TBD
	≥5

	
	20MHz
	R.XX TDD
	OP.1 TDD
	EVA70
	4x4 Low
	70
	TBD
	≥5

	TM4 4 layers
	5MHz
	R.XX FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	10 MHz

16QAM 1/2
	R.74 FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	[14.9]
	≥5

	
	15MHz
	R.XX FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	20MHz
	R.XX FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	5MHz
	R.XX TDD
	OP.1 TDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	10 MHz

16QAM 1/2
	R.74 TDD
	OP.1 TDD
	EPA5
	4x4 Low
	70
	[14.4]
	≥5

	
	15MHz
	R.XX TDD
	OP.1 TDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	20MHz
	R.XX TDD
	OP.1 TDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	TM9 4 layers
	5MHz
	R.XX FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	10 MHz

16QAM 1/2
	R.75 FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	[18.4]
	≥5

	
	15MHz
	R.XX FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	20MHz
	R.XX FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	5MHz
	R.XX TDD
	OP.1 TDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	10 MHz

16QAM 1/2
	R.75 TDD
	OP.1 TDD
	EPA5
	4x4 Low
	70
	[19.0]
	≥5

	
	15MHz
	R.XX TDD
	OP.1 TDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	20MHz
	R.XX TDD
	OP.1 TDD
	EPA5
	4x4 Low
	70
	TBD
	≥5


3 Conclusion

Proposal 1: Reuse the existing methodology to use single carrier requirement applied to each CC within all the different CA bandwidth combinations for 4Rx 3/4-layer CA tests. 
Proposal 2: 4Rx tests should be defined with 5, 10, 15, 20MHz as single carrier tests with 4Rx 3/4-layer. To save effort so far the focus could skip 1.4MHz and 3MHz tests.

Proposal 3: Extend all TM3, TM4 and TM9 3/4 layer tests single carrier tests to CA with 4Rx.
Proposal 4: Define 4Rx 3/4-layer CA tests up to aggregated bandwidth as 60MHz with at least 3CCs.
Proposal 5: Take test cases from Table 1 to be aligned among companies for future meetings.

Table 1 Proposed test cases for 4Rx 3/4-layer single carrier tests to be aligned in future meeting

	TM
	Bandwidth and MCS
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	TM3 3 layers
	5MHz
	R.XX FDD
	OP.1 FDD
	EVA70
	4x4 Low
	70
	TBD
	≥5

	
	10 MHz

16QAM 1/2
	R.73 FDD
	OP.1 FDD
	EVA70
	4x4 Low
	70
	[15.1]
	≥5

	
	15MHz
	R.XX FDD
	OP.1 FDD
	EVA70
	4x4 Low
	70
	TBD
	≥5

	
	20MHz
	R.XX FDD
	OP.1 FDD
	EVA70
	4x4 Low
	70
	TBD
	≥5

	
	5MHz
	R.XX FDD
	OP.1 TDD
	EVA70
	4x4 Low
	70
	TBD
	≥5

	
	10 MHz

16QAM 1/2
	R.73 TDD
	OP.1 TDD
	EVA70
	4x4 Low
	70
	[14.9]
	≥5

	
	15MHz
	R.XX TDD
	OP.1 TDD
	EVA70
	4x4 Low
	70
	TBD
	≥5

	
	20MHz
	R.XX TDD
	OP.1 TDD
	EVA70
	4x4 Low
	70
	TBD
	≥5

	TM4 4 layers
	5MHz
	R.XX FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	10 MHz

16QAM 1/2
	R.74 FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	[14.9]
	≥5

	
	15MHz
	R.XX FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	20MHz
	R.XX FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	5MHz
	R.XX TDD
	OP.1 TDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	10 MHz

16QAM 1/2
	R.74 TDD
	OP.1 TDD
	EPA5
	4x4 Low
	70
	[14.4]
	≥5

	
	15MHz
	R.XX TDD
	OP.1 TDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	20MHz
	R.XX TDD
	OP.1 TDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	TM9 4 layers
	5MHz
	R.XX FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	10 MHz

16QAM 1/2
	R.75 FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	[18.4]
	≥5

	
	15MHz
	R.XX FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	20MHz
	R.XX FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	5MHz
	R.XX TDD
	OP.1 TDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	10 MHz

16QAM 1/2
	R.75 TDD
	OP.1 TDD
	EPA5
	4x4 Low
	70
	[19.0]
	≥5

	
	15MHz
	R.XX TDD
	OP.1 TDD
	EPA5
	4x4 Low
	70
	TBD
	≥5

	
	20MHz
	R.XX TDD
	OP.1 TDD
	EPA5
	4x4 Low
	70
	TBD
	≥5
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