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1 Introduction

For SDR tests it was confirmed with the single carrier test configuration but with CA there was no conclusion. From the status report of 4Rx WI in [1] it has listed the following open issue to be further studied for 4Rx.
· Further study of 4Rx requirements under CA including SDR and normal demodulation tests
In this contribution we discuss the scope of necessary tests for CA with 4Rx in order to ensure a proper UE implementation under practical network deployment and propose the way on how to define SDR CA tests with 4Rx.
2 CA tests with 4Rx
First of all in the WID of 4Rx in [2] it was clearly listed as objective for the RF part for the CA operation as following. However for the performance part there was no clear objective to define the CA performance requirements.
4.1.1
RF core requirement with 4 Rx AP
The objectives for RF core requirements for 4 Rx AP are the following

· Scope for non-CA operation

· No changes anticipated for RF Tx requirements

· All RF Rx requirements are in the scope of the work item

· specification of requirements in sub-clauses 7.1-7.10 of 36.101 applicable to 4Rx
· For each band the RF requirements are verified according to the number of Rx ports supported by the UE

· Objectives for test coverage

· 2 Rx performance needs to be guaranteed if the 4 Rx operates with 2 Rx chains. 2 Rx test in addition to 4 Rx needs to be considered during the work item phase, if 2 Rx operations would not meet 2 Rx requirements when 4 Rx requirements are met.
· Scope for CA operation

· Specify 4 Rx RF requirements for CA after the non-CA requirements have been completed. The non-CA must be agreed and included in 36.101.
4.2.2
UE demodulation requirement with 4 Rx AP
The objectives for demodulation requirements of PDSCH for 4 Rx AP are the following

· Specify UE performance requirements with 4 Rx antenna including

· Demodulation of PDSCH (Cell-Specific Reference Symbols)

· Demodulation of PDSCH (User-Specific Reference Symbols)

· PDSCH demodulation requirements support up to 4 layers.

· No prioritization on number of layers.

· MMSE-MRC/IRC, RML and CWIC receivers will be investigated as candidate reference receivers. 

Observation 1: In Rel-13 4Rx WID there was no clear objective to define CA performance tests with 4Rx.
The existing CA tests include both the normal demodulation tests under fading conditions and SDR tests. The purpose of the normal demodulation tests is to make sure the CA operation can be properly proced from UE side under practical condition. The purpose of the SDR tests is to verify the UEs with certain UE category could achieve a high enough data rate with CA under ideal condition. Both tests are important to ensure proper UE implementation for CA operation. This is valid for both 2Rx and 4Rx UEs. 
Observation 2: The purpose of the normal demodulation tests is to make sure the CA operation can be properly proced from UE side under practical condition. The purpose of the SDR tests is to verify the UEs with certain UE category could achieve a high enough data rate with CA under ideal condition. Both tests are important to ensure proper UE implementation for CA operation.

For the proposal to have only standalone 4 layer SDR CA test with single carrier fading channel tests, it means for a 4Rx UE with certain UE category once it passes the SDR CA test it can get 3GPP compliant certification with no motivation to define proper CA tests under practical fading condition, in the meanwhile as stated it can’t ensure CA with 4Rx operation to be useful in a practical condition.
Observation 3: To have only standalone 4 layer SDR CA test with single carrier fading channel tests, it means for a 4Rx UE with certain UE category once it passes the SDR CA test it can get 3GPP compliant certification with no motivation to define proper CA tests under practical fading condition so it can’t ensure CA with 4Rx operation to be useful in a practical condition.

Another observation from UE side is the baseband processing can make different optimizations regarding different layers for different aggregation bandwidths, e.g. 4 layers on 1 of  5 CCs and 4 layers on all 5 CCs could use different baseband algorithms like channel estimation, weight computations for noise and interference, etc. depending on the actual channel condition and correlations. This is another important aspect that both fading channel CA is also important to verify the 4Rx feature but not only SDR.
Observation 4: The baseband processing can make different optimizations regarding different layers for different aggregation bandwidths, e.g. 4 layers on 1 of  5 CCs and 4 layers on all 5 CCs could use different baseband algorithms like channel estimation, weight computations for noise and interference, etc. depending on the actual channel condition and correlations.

So it’s important to specify both the normal demodulation tests and SDR tests at the same time for 4Rx.

Proposal 1: Specify normal demodulation CA tests and SDR CA tests with 4Rx at the same time, in order to ensure proper UE implementation under practical CA deployment.

3 Applicability rule and test coverage for CA tests
For both the normal demodulation CA tests and the the SDR CA tests the main effort needed are the applicability rule and proper test coverage. For the applicability rule we should look for a general solution and make sure such general rule could serve the test purpose to verify proper UE implementation in a CA manner. 
Observation 5: A general applicability rule for 4Rx CA tests is needed, similar to the existing applicability rule with 2Rx.
For the proposal on the applicability rule to pick 4 layers bandwidth as twice as the 2 layers bandwidth and following the existing “maximum aggregated bandwidth” to choose the bandwidth combination to be tested can be considered as a good option in general but there are details to be finalized. 

Observation 6: For the proposal on the applicability rule to pick 4 layers bandwidth as twice as the 2 layers bandwidth and following the existing “maximum aggregated bandwidth” to choose the bandwidth combination to be tested can be considered as a good option in general but there are details to be finalized. 

The details are, e.g. for this certain UE it may support 20x5MHz with 2 layers only, and 20x4MHz with only 1 CC supporting 4 layers and the other CCs supporting 2 layers, and 20x3MHz with 2 CCs supporting 4 layers and 1 CC supporting 2 layers with the same number of maximum aggregated bandwidth. As long as the layers and number of CCs are mixed then all the cases should be tested as they could require different implementation in terms of baseband processing.
Proposal 2: Take the proposal on the applicability rule to pick 4 layers bandwidth as twice as the 2 layers bandwidth and following the existing “maximum aggregated bandwidth” to choose the bandwidth combination to be tested but with the same maximum aggregated bandwidth with different number of layers and CCs all the cases should be tested as they could require different implementation in terms of baseband processing.

For the test coverage it means we need to consider all different UEs with all the possibilities to support all maximum bandwidth combinations from the existing CA configuration either in a 2Rx or 4Rx band e.g. if one UE/chipset only support one CA configuration with only that maximum bandwidth combination on either a 2Rx band or 4Rx band there should be a test covering it. 
Observation 7: Proper test coverage for CA tests is needed to cover all different UEs with all the possibilities to support all maximum bandwidth combinations from the existing CA configuration either in a 2Rx or 4Rx band.

Table 8.7.1-2: test parameters for sustained downlink data rate (FDD 64QAM)

	Test
	Bandwidth (MHz)
	Transmission mode
	Antenna configuration
	Codebook subset restriction
	Downlink power allocation (dB)
	
	Symbols for unused PRBs
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	1
	10
	1
	1 x 2
	N/A
	0
	0
	0
	-85
	OP.6 FDD

	2
	10
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	3,4,6
	20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	3A
	10
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	3B, 4A
	2x10
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	3C, 4B
	15
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	6A
	2x20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	6B
	10+15
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	6C
	10+20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	6D
	15+20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	6E
	2x15
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	6F
	15+5
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	6G
	20+5
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	7
	3x20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	7A
	15+20+20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	7B
	10+20+20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	7C
	15+15+20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	7D
	10+15+20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	7E
	10+10+20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	7F
	10+15+15
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	7G
	5+10+20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	7H
	5+15+20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	8
	4x20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	8A
	20+20+20+10
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	8B
	20+20+10+10
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	9
	5x20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	NOTE 1:    For CA test cases, PUCCH format 1b with channel selection is used to feedback ACK/NACK for Test 1-6E, and PUCCH format 3 is used to feedback ACK/NACK for Test 7-7G.


If we take the above table for 64QAM from [3] as an example and let’s pick one 5+10+20MHz from the above table assuming this is for one UE supporting only this one CA configuration with the maximum aggregated bandwidth as it is. And this one UE still could have all the possibilities to support 4 layers on each CC or some CCs or all CCs, which means the test needs to be extended as the following which means 1 test becomes 7 tests where we also need to consider different UE categories if all still fit into such maximum TP range.

· 5 MHz(4 layers)+10 MHz (2 layers)+20 MHz (2 layers)

· 5 MHz (2 layers)+10 MHz (4 layers)+20 MHz (2 layers)

· 5 MHz (2 layers)+10 MHz (2 layers)+20 MHz (4 layers)

· 5 MHz (4 layers)+10 MHz (4 layers)+20 MHz (2 layers)

· 5 MHz (4 layers)+10 MHz (2 layers)+20 MHz (4 layers)

· 5 MHz (2 layers)+10 MHz (4 layers)+20 MHz (4 layers)

· 5 MHz (4 layers)+10 MHz (4 layers)+20 MHz (4 layers)

Observation 8: A huge number of tests to cover proper test coverage for 4Rx UEs are needed with consideration to cover all UEs with possibility on all CA configurations on either 2Rx band or 4Rx band.
Also it can be noted there are only 2 meetings left for the ongoing with many open issues as higher prior e.g. PMI, RI and test method for demodulation and CSI tests it’s not enough time to finalize all the 4Rx CA tests within 2 meetings. So we propose to postpone the 4Rx CA tests for both normal demodulation tests and SDR tests into a new WI in next release [5]. Alternative is to extend the ongoing Rel-13 WI for at least 2 quarters to include 4Rx CA tests. Some detailed proposals on how to define such tests are include in [4].
Observation 9: With only 2 meetings left and ongoing open issues on CSI and test method it’s not enough time to finalize all the 4Rx CA tests within the Rel-13 WI.
Proposal 3: Postpone the 4Rx CA tests for both normal demodulation tests and SDR tests into a new WI in next release. Alternative is to extend the ongoing Rel-13 WI for at least 2 quarters with 3 more meetings to include 4Rx CA tests.

4 Conclusion

This contribution provides more details on the antenna connections of 2Rx tests for 4Rx UEs with the observations and proposals as the following.
Observation 1: In Rel-13 4Rx WID there was no clear objective to define CA performance tests with 4Rx. 

Observation 2: The purpose of the normal demodulation tests is to make sure the CA operation can be properly proced from UE side under practical condition. The purpose of the SDR tests is to verify the UEs with certain UE category could achieve a high enough data rate with CA under ideal condition. Both tests are important to ensure proper UE implementation for CA operation.
Observation 3: To have only standalone 4 layer SDR CA test with single carrier fading channel tests, it means for a 4Rx UE with certain UE category once it passes the SDR CA test it can get 3GPP compliant certification with no motivation to define proper CA tests under practical fading condition so it can’t ensure CA with 4Rx operation to be useful in a practical condition.
Observation 4: The baseband processing can make different optimizations regarding different layers for different aggregation bandwidths, e.g. 4 layers on 1 of  5 CCs and 4 layers on all 5 CCs could use different baseband algorithms like channel estimation, weight computations for noise and interference, etc. depending on the actual channel condition and correlations.
Observation 5: A general applicability rule for 4Rx CA tests is needed, similar to the existing applicability rule with 2Rx.

Observation 6: For the proposal on the applicability rule to pick 4 layers bandwidth as twice as the 2 layers bandwidth and following the existing “maximum aggregated bandwidth” to choose the bandwidth combination to be tested can be considered as a good option in general but there are details to be finalized. 
Observation 7: Proper test coverage for CA tests is needed to cover all different UEs with all the possibilities to support all maximum bandwidth combinations from the existing CA configuration either in a 2Rx or 4Rx band.
Observation 8: A huge number of tests to cover proper test coverage for 4Rx UEs are needed with consideration to cover all UEs with possibility on all CA configurations on either 2Rx band or 4Rx band.

Observation 9: With only 2 meetings left and ongoing open issues on CSI and test method it’s not enough time to finalize all the 4Rx CA tests within the Rel-13 WI.

Proposal 1: Specify normal demodulation CA tests and SDR CA tests with 4Rx at the same time, in order to ensure proper UE implementation under practical CA deployment. 
Proposal 2: Take the proposal on the applicability rule to pick 4 layers bandwidth as twice as the 2 layers bandwidth and following the existing “maximum aggregated bandwidth” to choose the bandwidth combination to be tested but with the same maximum aggregated bandwidth with different number of layers and CCs all the cases should be tested as they could require different implementation in terms of baseband processing.
Proposal 3: Postpone the 4Rx CA tests for both normal demodulation tests and SDR tests into a new WI in next release. Alternative is to extend the ongoing Rel-13 WI for at least 2 quarters with 3 more meetings to include 4Rx CA tests.
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