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1 Introduction

In RAN4#787 meeting the antenna connection to perform 2Rx tests for Type 1 UEs were agreed as following.
· Antenna connection and test method for 2Rx tests

· Type 1 UE for single carrier tests

· UE demodulation / CSI tests

· Option 1: Connect 2 of the 4 Rx with data source from SS to perform 2Rx tests, depending on the UE’s declaration and AP configuration, keeping the same requirements as 2Rx tests.

But for Type 2 UEs due to limited time there was no agreement made.  In this contribution we provide analysis on test method and antenna connection for both single carrier tests with Type 2 UEs and CA and DC tests, together with draft text proposal on the the antenna connection to perform 2Rx tests for 4Rx capable UEs. Furthermore we also discuss different UE implementations of concurrent features including advanced receivers from UE side.
2 Test method for Type 2 UEs for single carrier tests

2.1 UE demodulation tests

For UE demodulation tests defined in 36.101 [3] and some upcoming features coming to [3] the following summary gives the basic overview of all the tests under different deployment scenarios for different features. All of the tests with 2Rx are required to be verified by 4Rx capable UEs, here meaning Type 2 UEs only supporting the 4Rx bands. 

· Category 1: Basic test cases with no advanced feature : 
· Basic tests with MRC receiver performance

· SDR tests
· eICIC tests

· DL-CoMP tests
· 256QAM tests

· CA/DC tests with MRC receiver 

· Category 2: Advanced receivers tests

· FeICIC tests: CRS-IC receiver with 2 interfering cells
· Type A receiver tests: IRC receiver with 1 or 2 interfering cells
· Type B receiver tests: SLIC, R-ML receivers with 2 interfering cells
· Gain tests

· Robustness tests
· Type C receiver tests: R-ML, CWIC receivers

· CRS-IM tests: CRS-IC receiver with 2 interfering cells
· CC-IM tests on control channels only: E-IRC/IRC receivers with 2 interfering cells
Observation 1: The already defined 2Rx tests can be categoried into 2 sets, where 1st set uses the basic MMSE-MRC receiver without interfering cell and the 2nd set uses different advanced receivers with interfering cells.

Furthermore the actual 4Rx tests defined in chapter 8.10 in [3] include the following tests that can replace some of the legacy tests from above. 
· Subset of basic tests with MRC receiver performance

· Subset of basic tests  of Type A receiver tests: IRC receiver with 1 or 2 interfering cells
· Subset of 256QAM tests

Observation 2: The already defined 4Rx tests can replace some of the 2Rx tests with a proper applicability rule.
For Type 2 UEs there are different options for antenna connection listed below
· Antenna connection options

· Option 1: Connect 2 of the 4 Rx with data source from SS to perform 2Rx tests, depending on the UE’s declaration and AP configuration, keeping the same requirements as 2Rx tests.

· Option 2: Connect all 4 of the 4 Rx with data source from SS to perform 2Rx tests, keeping the same requirements as 2Rx tests.

· Option 3: Option 2 with tighten requirement as 3dB for low correlation, xdB for medium correlation and ydB for high correlation for demodulation tests.
As analysized in [2] we have the following observations for Option 1 and Option 2.

Observation 3: Option 1 fulfills the purpose of verifying legacy 2Rx tests feature, covering all required legacy tests including UE demodulation tests with equivalent performance compared to 2Rx.

Option 1 fulfills the purpose of verifying legacy 2Rx tests feature, covering all required legacy tests including UE demodulation and CSI tests with equivalent performance compared to 2Rx so Option 1 can be considered to be a universal solution for both 2Rx bands and 4Rx bands. But there was concern from UE vendors that it would limit the UE implementation in some sense. 
For Option 2 when all 4Rx are connected with independent data source we need to understand how the UE would implement with all the advanced receiver features together with 4Rx e.g. Category 2 tests. If we take NAICS receiver as an example with the antenna connection of Option 2, assuming a 4Rx UE supporting NAICS the following UE implementations can be considered as possible solutions from UE side.
· Solution 1: NAICS+2Rx

· It means 4Rx UE switches off 2Rx and keeps the other 2Rx with the same implementation designed for 2Rx UE for NAICS receiver. The switching off of 2Rx is up to UE implementation.
· So under eNB sending NAICS assistant information condition the UE should always use 2Rx with NAICS receiver without 4Rx.

· Solution 2: NAICS+2Rx, IRC+2Rx
· It means 2 of 4Rx are used with NAICS and the other 2 of 4Rx are used with IRC possibly with a soft bits combining in the end for demodulation purpose.

· Solution 3: IRC+4Rx
· It means no NAICS is applied but simply the baseline receiver with IRC with 4Rx.

· Solution 4: NAICS+4Rx
· It means all 4Rx are used for blind detection and cancellation of interference from neighbour cells.

It can be observed only with Solution 4 the concurrent features supported by the UEs occur but it’s important to be noted that the purpose of the verification of the 2Rx tests with proper antenna connection is not to strictly define the requirement of concurrent features e.g. 4Rx+NAICS but to verify the legacy features defined with 2Rx. And such concurrent features e.g. 4Rx+NAICS are so far with no interest from the market need or without reasonable UE complexity to support it. For the UE capability of the concurrent features supported by the UEs it should be sufficient with the existing signalling structure assuming only separated features are supported by the UEs independently. In case there is such market need in future some bitmap tables indicating the concurrent features could be considered as a way forward based on the existing signalling structure e.g. per CA band combination or per CA band class.
Observation 4: The purpose of the verification of the 2Rx tests is not to strictly define the requirement of concurrent features e.g. 4Rx+NAICS but to verify the legacy features defined with 2Rx.
Observation 5: Such concurrent features e.g. 4Rx+NAICS are so far with no interest from the market need or without reasonable UE complexity to support it.

Another less interesting implementation is Solution 2 where the difficulty is to separate the antennas with different receiver chains so it’s taken as less reasonable UE implementation.

For Solution 3 as shown in Figure 1 where we take NAICS as the advanced receiver type with 2Rx comparing with 4Rx IRC. There are 3 curves shown in this figures where 2Rx IRC is the baseline performance to be compared with. The test is taken from 8.2.2.2.6 with modification on the interference model to be 80% QPSK and 20% 16QAM in order to be more NAICS favourable. It can be seen even under such NAICS favourable condition 4Rx+IRC still outperforms 3dB better than 2Rx+NAICS. It means a 4Rx capable UE can use 4Rx+IRC only to pass the NAICS requirement defined with 2Rx easily with such antenna connection.
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Figure 1 Comparison with NAICS+2Rx and MMSE-IRC+4Rx
Observation 6: 4Rx+IRC receiver can pass the 2Rx+NAICS receiver test under NAICS favourable condition.

Observation 7: Option 2 with advanced receivers couldn’t really verifying the legacy features as the performance gain can’t be distinguished from 4Rx diversity gain or certain advanced receiver gain.

Based on the analysis above it only leaves Solution 1 as the only way to ensure the UE implementation is actually based on NAICS receiver and the performance is equivilant to a 2Rx UE with NAICS receiver. With such observation Solution 1 would have the same UE implementation regardless of antenna connections of Option 1 or Option 2 as it needs to detect and decide which 2 of 4Rx need to be kept with NAICS receiver.
Observation 8: Solution 1 is the only way to ensure the UE implementation is actually based on the advanced receiver and the performance is equivilant to a 2Rx UE with such advanced receiver.
Observation 9: Solution 1 would have the same UE implementation regardless of antenna connections of Option 1 or Option 2 as only 2Rx are used with NAICS receiver and the other 2Rx are not used. 
Proposal 1: For Category 2 demod tests with advanced receivers take Option 1 as the antenna connection for Type 2 UEs, to connect 2 of the 4 Rx with data source from SS to perform 2Rx tests, depending on the UE’s declaration and AP configuration, keeping the same requirements as 2Rx tests.
For Category 1 tests with only basic MRC receiver Option 1 could fulfil the test purpose well but Option 3 can be considered too. 

Proposal 2: For Category 1 demod tests with only basic MRC receiver Option 1 can fulfil the test purpose too. Alternative is to have Option 3 with tigenten requirement, to connect all 4 of the 4 Rx with data source from SS to perform 2Rx tests, with tighten requirement as 3dB for low correlation, xdB for medium correlation and ydB for high correlation for demodulation tests.
2.2 UE CSI tests

Similarly, for UE CSI tests defined in 36.101 [3] and some upcoming features coming to [3] the following summary gives the basic overview of all the tests under different deployment scenarios for different features. All of the tests with 2Rx are required to be verified by 4Rx capable UEs, here meaning Type 2 UEs only supporting the 4Rx bands.
· CQI tests

· Category 1: Basic test cases with no advanced feature :

· Basic CQI definition test cases with no advanced feature : MRC receiver performance
· eICIC tests

· DL-CoMP tests

· eIMTA tests
· Category 2: Advanced receivers tests

· FeICIC tests: CRS-IC receiver with 2 interfering cells
· Type A receiver tests: IRC receiver with 1 interfering cells
· Type B receiver tests: SLIC, R-ML receivers with 2 interfering cells

· Robustness tests
· Category 3: CA/DC tests with MRC receiver
· PMI tests

· Basic PMI definition tests with no advanced receiver

· RI tests

· Basic PMI definition tests with no advanced receiver

· eICIC tests

· DL-CoMP tests
· FeICIC tests: CRS-IC receiver with 2 interfering cells

Furthermore the actual 4Rx tests agreed for CQI tests include the following tests that can replace some of the legacy tests from above. 

· Subset of basic CQI definition tests with MRC receiver performance

· Type A receiver tests: IRC receiver with 1 or 2 interfering cells
If we take the same options for antenna connection listed below for CSI tests as following.
· Antenna connection options

· Option 1: Connect 2 of the 4 Rx with data source from SS to perform 2Rx tests, depending on the UE’s declaration and AP configuration, keeping the same requirements as 2Rx tests.

· Option 2: Connect all 4 of the 4 Rx with data source from SS to perform 2Rx tests, keeping the same requirements as 2Rx tests.

· Option 3: Option 2 with tighten requirement as 3dB for low correlation, xdB for medium correlation and ydB for high correlation for demodulation tests.
Again the observation 3 is still valid for CSI tests for Option 1. Option 1 fulfills the purpose of verifying legacy 2Rx tests feature, covering all required legacy tests including UE demodulation and CSI tests with equivalent performance compared to 2Rx so Option 1 can be considered to be a universal solution for both 2Rx bands and 4Rx bands. 

Observation 10: Option 1 fulfills the purpose of verifying legacy 2Rx tests feature, covering all required legacy tests including UE CSI tests with equivalent performance compared to 2Rx.

For Option 2 when all 4Rx are connected with independent data source, for CQI, PMI and RI tests actually they are defined as relative throughput tests regardless of number of antenna ports. Therefore with Option 2 the UE should also be able to pass the existing requirements. But the test coverage of CSI with 2Rx is rather wide. The risks of Option 2 are the following as the observation.
Observation 11: The CQI, PMI and RI tests actually are defined as relative throughput tests regardless of number of antenna ports so in general Option 2 should work fine.

Observation 12: There are risks of Option 2 with 4Rx connected to fail the tests as following.
· Risk 1: For CQI tests some high SNR point with 4Rx could reach the maximum CQI index so some adjustment on the SNR points could be needed.
· Risk 2: For some of the CSI tests e.g. some of RI tests the margin of using 4Rx could be tighter than using 2Rx.
Proposal 3: For UE CSI single carrier tests Option 1 can fulfil the test purpose with equivilant performance as 2Rx, to connect 2 of the 4 Rx with data source from SS to perform 2Rx tests, depending on the UE’s declaration and AP configuration, keeping the same requirements as 2Rx tests. Alternative is to have Option 2 but with certain risks to fail the tests, to connect all 4 of the 4 Rx with data source from SS to perform 2Rx tests, keeping the same requirements as 2Rx tests.
One special test is for CA CQI tests where up to 5CCs are configured with different power level on each CC with the intention to check the differentiation of the reported CQI among CCs to ensure a proper CQI reporting under CA operation. But the problem of a mixed 2Rx and 4Rx band case makes the tests not testable since with 4Rx it will bring at least 3dB diversity gain on the reported CQI and depending on which band is configured as PCell or SCells the outcome of the tests can be either easier or tougher to pass.
Observation 13: For CA CQI tests the mixed 2Rx and 4Rx band case makes the tests not testable since with 4Rx it will bring at least 3dB diversity gain on the reported CQI and depending on which band is configured as PCell or SCells the outcome of the tests can be either easier or tougher to pass.

In order to solve the problem one possible solution is to decrease the power level by 3dB when any of the bands is a 4Rx band and keep the power level as the same when the band is a 2Rx band. Since it’s under AWGN the reported CQI should be rather stable.

Proposal 4: For CA CQI tests if with Option 2 as antenna connection it’s proposed to decrease the power level by 3dB when any of the bands is a 4Rx band and keep the power level as the same when the band is a 2Rx band.

3 CA and DC tests

The CA and DC tests are only based on MMSE-MRC receiver so there is no advanced feature needs to be considered. But the definitions of 2 types of UEs are simply based on single carrier operation where each band is either supporting 4Rx or not. But for UEs that can support CA up to 5 CCs under Rel-13 with multiple bands to be applied and tested where there can be a mixture of 2Rx and 4Rx bands. For example for UE demodulation tests with 3 CCs the current applicability rule requires to test the maximum aggregated bandwidth combination, in which one of the bandwidth can come from a 4Rx band while the other 2 bandwidths can come from 2Rx bands. So the definition agreed in last meeting can only fulfil the test need for single carrier tests but not for CA or DC tests.

Observation 14: The definition of 2 types of UEs as following can only fulfil the test need for single carrier tests but not for CA or DC tests.

So besides single carrier tests separated applicability rule and test method are needed for CA and DC tests by taking both 2Rx bands and 4Rx bands when the CA configuration is such mixed condition. Then for the test method for CA and DC tests the straightforward way is to follow Type 1 UEs test method for any 2Rx band and follow Type 2 UE test method for any 4Rx band.

Proposal 5: Separated applicability rule and test method are needed for CA and DC tests by taking both 2Rx bands and 4Rx bands when the CA configuration is such mixed condition, where the test method should follow single carrier Type 1 UEs test method for any 2Rx band and follow single carrier Type 2 UE test method for any 4Rx band.

4 Text proposal for applicability rules and antenna connection

Then it’s important to have proper applicability rules for all 2Rx tests including single carrier tests and CA tests. Based on the proposals and analysis above the text proposal for the test applicability rule for 4Rx capable UE is provided as following as draft specification proposal for [1] for reference. In the following example text proposal for Type 2 UEs the antenna connection is using Option 3 from Proposal 4.
Proposal 6: The antenna connection and applicability rule for 4Rx capable UE are provided as following as draft specification proposal for [1] for reference.
<start of change>

8.1.2.X
Applicability and test rules for 4 Rx capable UEs
8.1.2.X.1 Definition of Type 1 and Type 2 UEs with 4Rx capability

Under single carrier operation for UEs only support 2Rx AP in some bands and support 4Rx AP in the other bands are defined as Type 1 UEs with 4Rx capability. Under single carrier operation for UEs support 4Rx AP in all bands are defined as Type 2 UEs with 4Rx capability.
8.1.2.X.2
Applicability and test rule and antenna connection for single carrier tests 
8.1.2.X.2.1 Applicability and test rule for Type 1 UEs
For FDD tests specified in 8.2.1X, all tests specified with 2 Rx with single carrier are tested with 4 Rx capable Type 1 UEs with antenna connection specified in 8.1.2.X.3.1, on anyone of the 2 Rx supported band as band agnostice tests. And all tests specified with 4 Rx are tested with 4 Rx capable Type 1 UEs, on anyone of the 4 Rx supported band as band agnostice tests, unless otherwise stated.

For FDD tests specified in 8.4.1.1X, 8.4.1.2.1X, and 8.4.1.2.2X with single carrier, if corresponding tests are tested with 4 Rx specified in 8.10.X, the test coverage can be considered fulfilled without executing tests with 2 Rx.
8.1.2.X.2.2 
Applicability and test rule for Type 2 UEs

For FDD tests specified in 8.2.1.X.A, all tests specified with 2 Rx with single carrier are tested with 4 Rx capable Type 2 UEs with antenna connection specified in 8.1.2.X.3.2, on anyone of the 4 Rx supported band as band agnostice tests, adding the following offsets in SNR or SINR depending on the channel correlation specified in Table 8.1.2.X.2.2-1.

Table 8.1.2.X.2.2-1 Additional requirements for Type 2 UEs
	Channel correlation
	Additional offset added to SNR or SINR

	Low
	3dB

	Meidum
	X

	High
	Y


For FDD tests specified in 8.2.1.X.B, all tests specified with 2 Rx with single carrier are tested with 4 Rx capable Type 2 UEs with antenna connection specified in 8.1.2.X.3.1, on anyone of the 4 Rx supported band as band agnostice tests. 

And all tests specified with 4 Rx are tested with 4 Rx capable Type 2 UEs, on anyone of the 4 Rx supported band as band agnostice tests, unless otherwise stated.

8.1.2.X.3
Antenna connection for single carrier tests 
8.1.2.X.3.1
Antenna connection Option 1

For 4 Rx capable UEs to perform the 2Rx tests specified with 2 Rx, it’s left to the UE’s declaration and AP configuration to decide which 2 of the 4 Rx are connected with data source from system simulator, and connect the rest 2 Rx with zero input.
8.1.2.X.3.2
Antenna connection Option 2

For 4 Rx capable UEs to perform the 2Rx tests specified with 2 Rx, all 4 Rx are connected with data source from system simulator.
8.1.2.X.4
Applicability and test rule for CA and DC tests

For FDD tests specified in 8.2.1X, all tests specified with 2 Rx with CA and DC are tested with 4 Rx capable UEs with antenna connection specified in 8.1.2.X.3.1for PCell and/or the SCells and/or PSCells if it’s a 2Rx band, with antenna connection specified in 8.1.2.X.3.2 for PCell and/or the SCells and/or PSCells if it’s a 4Rx band with additional offset specified in Table 8.1.2.X.2.2-1, with the same applicability rules defined in 8.1.2.3, 8.1.2.3A, 8.1.2.3B for CA, DC, TDD-FDD CA applied for different CA and DC configurations and bandwidth combination sets.
<end of change>

5 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: The already defined 2Rx tests can be categoried into 2 sets, where 1st set uses the basic MMSE-MRC receiver without interfering cell and the 2nd set uses different advanced receivers with interfering cells.

Observation 2: The already defined 4Rx tests can replace some of the 2Rx tests with a proper applicability rule.
Observation 3: Option 1 fulfills the purpose of verifying legacy 2Rx tests feature, covering all required legacy tests including UE demodulation tests with equivalent performance compared to 2Rx.

Observation 4: The purpose of the verification of the 2Rx tests is not to strictly define the requirement of concurrent features e.g. 4Rx+NAICS but to verify the legacy features defined with 2Rx.

Observation 5: Such concurrent features e.g. 4Rx+NAICS are so far with no interest from the market need or without reasonable UE complexity to support it.
Observation 6: 4Rx+IRC receiver can pass the 2Rx+NAICS receiver test under NAICS favourable condition.

Observation 7: Option 2 with advanced receivers couldn’t really verifying the legacy features as the performance gain can’t be distinguished from 4Rx diversity gain or certain advanced receiver gain.

Observation 8: Solution 1 is the only way to ensure the UE implementation is actually based on the advanced receiver and the performance is equivilant to a 2Rx UE with such advanced receiver, by switching off 2Rx and keeping the other 2Rx with the same implementation designed for 2Rx UE for the advanced receiver. The switching off of 2Rx is up to UE implementation.

Observation 9: Solution 1 would have the same UE implementation regardless of antenna connections of Option 1 or Option 2 as only 2Rx are used with NAICS receiver and the other 2Rx are not used. 

Observation 10: Option 1 fulfills the purpose of verifying legacy 2Rx tests feature, covering all required legacy tests including UE CSI tests with equivalent performance compared to 2Rx.

Observation 11: The CQI, PMI and RI tests actually are defined as relative throughput tests regardless of number of antenna ports so in general Option 2 should work fine.

Observation 12: There are risks of Option 2 with 4Rx connected to fail the tests as following.
· Risk 1: For CQI tests some high SNR point with 4Rx could reach the maximum CQI index so some adjustment on the SNR points could be needed.

· Risk 2: For some of the CSI tests e.g. some of RI tests the margin of using 4Rx could be tighter than using 2Rx.

Observation 13: For CA CQI tests the mixed 2Rx and 4Rx band case makes the tests not testable since with 4Rx it will bring at least 3dB diversity gain on the reported CQI and depending on which band is configured as PCell or SCells the outcome of the tests can be either easier or tougher to pass.

Observation 14: The definition of 2 types of UEs as following can only fulfil the test need for single carrier tests but not for CA or DC tests.

Proposal 1: For Category 2 demod tests with advanced receivers take Option 1 as the antenna connection for Type 2 UEs, to connect 2 of the 4 Rx with data source from SS to perform 2Rx tests, depending on the UE’s declaration and AP configuration, keeping the same requirements as 2Rx tests.
Proposal 2: For Category 1 demod tests with only basic MRC receiver Option 1 can fulfil the test purpose too. Alternative is to have Option 3 with tigenten requirement, to connect all 4 of the 4 Rx with data source from SS to perform 2Rx tests, with tighten requirement as 3dB for low correlation, xdB for medium correlation and ydB for high correlation for demodulation tests.
Proposal 3: For UE CSI single carrier tests Option 1 can fulfil the test purpose with equivilant performance as 2Rx, to connect 2 of the 4 Rx with data source from SS to perform 2Rx tests, depending on the UE’s declaration and AP configuration, keeping the same requirements as 2Rx tests. Alternative is to have Option 2 but with certain risks to fail the tests, to connect all 4 of the 4 Rx with data source from SS to perform 2Rx tests, keeping the same requirements as 2Rx tests.
Proposal 4: For CA CQI tests if with Option 2 as antenna connection it’s proposed to decrease the power level by 3dB when any of the bands is a 4Rx band and keep the power level as the same when the band is a 2Rx band.

Proposal 5: Separated applicability rule and test method are needed for CA and DC tests by taking both 2Rx bands and 4Rx bands when the CA configuration is such mixed condition, where the test method should follow single carrier Type 1 UEs test method for any 2Rx band and follow single carrier Type 2 UE test method for any 4Rx band.

Proposal 6: The antenna connection and applicability rule for 4Rx capable UE are provided as following as draft specification proposal for [1] for reference in chapter 4.
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