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1 Introduction
In the 4-Rx UE WI, the test methodologies have been under discussions as a non-trivial issue. In RAN4#76bis, several options and test scopes have been discussed.  Backgrounds of applying the legacy tests to 4-RX UEs are captured in [1,2] as

· 2Rx tests include the following tests

· All legacy tests defined with 2Rx including UE demodulation, CSI, RRM, RLM from earlier releases than Rel-13

· All tests that will be defined with 2Rx including UE demodulation, CSI, RRM, RLM in Rel-13 and later releases

· In order not to duplicate all 2Rx tests with 4Rx tests RAN4 should define how to perform 2Rx tests for 4Rx capable UEs

In order to apply the legacy tests without test duplications, there were some proposal to formulize test application rules, however it is still uncertain about the methods and the UE evaluation purpose of applying the legacy tests. So far, RAN4 has agreed at a conceptual level as below 
· All 2RX tests (RRM,RLM,demod,CSI) which test features supported by a 4RX UE need to be verified by the 4RX UE unless the 4RX applicability rules indicate that they do not need to be verified 
· Applicability rules for 2Rx tests which would be verified by 4RX capable UE can be decided later
· RAN4 to investigate 4Rx UE test method to ensure 2Rx tests could be passed by a properly implemented UE
As possible legacy test application methods in RAN4#76bis, the WF [1] provides three options as 

· 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: Mixed Option 1 and 2 case by case.
The purpose of this contribution is to discuss and propose testing methodology addressing the issues described above. 
2 Test Scope for Rel-13 4-RX UE
For defining a legacy test application method, we consider two aspects together (i) 4-RX UE test scopes and (ii) 4-RX UE test methods. If test application purpose and scopes are clear, decisions on a test method will be possibly made for the intention. Although RAN4 has discussed about it for a few meeting phases, we don’t see clear directions of the test scope. Therefore, we would like to discuss the both aspects together in this contribution.

RAN4 might have started test discussions after setting up test application rules like [3], but there seems to exist more complex and diverse UE behaviours behind AP fall-back and test applicability. In general, we tend to agree that such principles are required, but in fact, it is hard to categorize the test applications by a few rules before identifying the test scopes and methods. Consequently, we have fundamental questions to identify test scopes and methods.
As discussed in the last meeting, depending on the test method option selection from [1], the legacy tests are not only interpreted differently to 4-RX UE, but also the test scope is determined differently. It is hard to say which way is more ideal only with the method discussions. First, preferences and concerns only about the test method options are commented as below.
· 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.
We assume that either of options make some sense depending on its test application intention, on the other hand, neither of the options are perfect. Option-1 is more UE feature-centric test approach. The UE will be evaluated by its own feature receiver as a test is intended. However, it is away from the real 4-RX UE behavior. Option-2 is more UE behavior-centric test approach. Although it may consider the real 4-RX AP UE behaviors, however it may ignore test design intention or conduct tests just to confirm obvious performance gains. Also, in the simulations analysis, we found that the 4-RX UE can pass most of the legacy tests and legacy requirements with huge margins. In some sense, applying tests as Option-2 is regarded as waste of efforts and cost due to too relax requirements to the 4-RX AP UE. 
Based on the above arguments, we conclude that test methods needs to be determined with test scopes. We can discuss test scopes and test methods together for better understanding test meaning. Test scopes of the legacy test scenarios and new 4-RX test scenarios are proposed in Table 1.
Table 1 : 4-RX UE test scopes and test methods
	Test scope
	TS36.101 Baseband Tests
	4-RX UE
Test goal
	Test method
	Test Needs

	Test Scope 1

[ All 2-RX legacy UE tests ]
	CH.8  Performance requirement, 

CH.9  Reporting of Channel State Information  

CH.10 Performance requirement (MBMS) 
 

 
	2-RX AP performance evaluations in 2-RX bands
	Test method Option-1 

2-RX tests with 
valid signal connections at least to
2-APs.


	Essential

	Test Scope 2

[ New 4-RX UE tests ]
	[New CH]  4-RX performance requirement       
	4-RX AP performance evaluations in 4-RX  bands
	4-RX APs are connected with valid signal inputs.

Apply warming-up period with PDSCH 
	Essential

	
	[NEW]  Demodulation of PDSCH (Cell-Specific Reference Symbols)       
	
	
	

	
	[NEW]  Demodulation of PDSCH (User-Specific Reference Symbols)     
	
	
	

	
	[NEW]  Demodulation of PDCCH/PCFICH   
	
	
	

	
	[NEW]  Demodulation of PHICH      
	
	
	

	
	[NEW]  Sustained downlink data rate provided by low and high layers 
	
	
	

	
	[NEW]  Demodulation of EPDCCH 
	
	
	

	
	 
	
	
	

	
	[New CH] Reporting of Channel State Information       
	
	
	

	
	[NEW] CQI reporting definition under AWGN conditions       
	
	
	

	
	[NEW] CQI reporting under fading conditions       
	
	
	

	
	[NEW] Reporting of Precoding Matrix Indicator (PMI)  
           - may or may not be tested depending on decision
	
	
	

	
	[NEW] Reporting of Rank Indicator (RI) 

	
	
	

	
	 
	
	
	

	Test scope 3

[ Legacy tests except Test scope-2 scenario]
	CH8, CH9, CH10 tests

except the tests covered by Test Scope-2 scenarios

	4-RX UE performance evaluations with legacy requirements in 4-RX RF bands


	Test method Option-2

2-RX legacy tests with 4-RX AP connections

Apply warming-up period with PDSCH 
	FFS


We review each test scope one by one in Table 1. First, Test Scope-1 creates essential tests that ensure 2-RX AP performances in 2-RX RF bands. For 2-RX RF bands UE operations, the RAN4 must evaluate 2-RX AP performances within Test Scope-1 and by Test Method Option-1. Currently, RF band discussions for 2-RX and 4-RX UEs are going on in the RAN4 RF session. In reality, a commercialized RF chipset supports 4-RX APs in partial bands, not all RF bands. There should be design cost, performance and band-support trade-offs in the RF band discussions. 
Regarding the test method in Test Scope-1, both Method Option-1 and Option-2 are possible. One thing to make sure in the tests is that the UE utilizes only 2-RX APs signal inputs. Although SS gives signals to 4-RX APs in 2-RX RF bands, only two RX APs must be used in the receiver. So Test Method Option-1 is clearer setup for Test Scope-1.

Proposal 1:  RAN4 should test all 2-RX legacy tests for 2-RX AP performance evaluations and UE operations in 2-RX RF bands.    (Test-Scope 1 in Table 1)

· Test Method Option-1 is applied for Test Scope 1. Antenna ports connection and UE configurations are declared by an UE vender/manufacture. 

· The Test Scope-1 includes 4-RX UE performance verification that a 4-RX UE can at least achieve 2-RX AP performances. 

· Detail test settings are up to further RAN5 discussion.
Reflecting the Proposal-1 over the test applicability agreements, our understanding is that Test Scope-1 can satisfy the all intentions of the test motivations from the statement below.

· All 2RX tests (RRM,RLM,demod,CSI) which test features supported by a 4RX UE need to be verified by the 4RX UE unless the 4RX applicability rules indicate that they do not need to be verified 
· RAN4 to investigate 4Rx UE test method to ensure 2Rx tests could be passed by a properly implemented UE
And then, for Test Scope-2, no need even to mention its need. Currently, RAN4 is discussing to introduce new 4-RX tests to replace legacy tests. All new tests discussions are captured in way forwards from the last meeting [4]~[9].
Proposal 2 : Tests from the two test scopes must essentially be defined and conducted.

· Test Scope 1 : 4-RX UE performance evaluations with 2-RX AP signal inputs for 2-RX RF band UE operations

· Test Scope 2 : 4-RX UE performance evaluations with 4-RX AP signal inputs for 4-RX RF band UE operations
Observation 1 : The tests with the Test Scope-1 and Test Scope-2 can satisfy 4-RX UE evaluations purposes below.
· All 2RX tests (RRM,RLM,demod,CSI) which test features supported by a 4RX UE need to be verified by the 4RX UE unless the 4RX applicability rules indicate that they do not need to be verified 

· It can be verified that the 4-RX UE at least satisfies 2-RX UE legacy performance requirements.

With the observation, RAN4 needs more discussion on Test Scope-3 needs. We understand the purpose that RAN4 may need to verify additionally “4-RX AP” functions and performances of the legacy features, that is to ensure that “4-RX AP usecases” can meet 2-RX UE performance requirements, but it is questionable that the test method and the test scope are defined with correct test concepts. Above all, the test target scenario and specific baseline operation definition are missing, which typically RAN4 has defined with test introductions. For example, we have 4-RX AP UE performance test under NAICS scenarios. Then, it will be UE implementation issue to use either 2-RX NAICS RX or 4-RX MMSE-IRC under the NAICS scenarios. The first issue is that the test assumes there is no baseline receiver definition for the test, and just broadly assumes switching between two baseline receivers. The second issue is that the 4-RX UE performance is much superior to 2-RX feature baseline performance, so performance evaluation itself seems meaningless as requirements. As confirmed in the NAICS simulations below, 4-RX MMSE-IRC give a lot of performance margins comparing to 2-RX requirements. Simply speaking, since the UE will choose 4-RX MMSE-IRC for better performance margins, and they are simply another test duplications of 4-RX MMSE-IRC. As RAN4 discussed in [4], there is already 4-RX MMSE-IRC tests in Test Scope-2, therefore we don’t need to repeat the same UE tests in Test Scope-3.
In conclusions, Test Scope 3 is defined too broadly without specific testing targets. We found many other tests from Test Scope-3 have the similar issues that we addressed. For example of TM10 UE tests, the CoMP demodulation tests are defined for UE behaviors regarding channel parameter estimations and compensations by referring to quasi-colocation signaling. However if TM10 testcases are applied in the Test Scope-3 way, the test does hardly screen such UE implementations. Overall, 4-RX diversity gain may hide any mal-function loss of TM10 UE behaviors. It seems problematic to accept the test concepts of Tests Scope-3.

Basically, basic UE behaviors of 4-RX UE are tested in Test Scope-1. The Test Scope-1 proves (i) the 4-RX UE supports all legacy features, (ii) it will achieve RAN4 performance requirements. It is not sure that Test Scope-3 is required. We want to avoid such tests to save valuable efforts and costs. 

Observation 2 :  If extending the test scopes, RAN4 may consider Test Scope-3 concept in Table 1.
· Test Scope-3 : 4-RX UE performance evaluations with legacy requirements in 4-RX RF bands.

· Test Scope 3 is defined too broadly without specific testing targets.

· It may duplicate the same UE tests in Test Scope-2. For example of legacy NAICS tests, it may result in 4-RX MMSE-IRC test duplications under NAICS scenarios.

· It may cause waste of efforts and costs just for confirming obvious results.
Proposal 3 : With the observations, RAN4 needs more discussion on Test Scope-3 to resolve concerns.
In addition, we would like to comment on the band-agnostic test application concept. About the new 4-RX and legacy 2-RX tests, a concern may rise in terms of the band-agnostic test application. The band-agnostic test concept is built, because the baseband features have no functional discrepancy per a RF band. In other words, once RF band signals are converted to baseband signal, the baseband signal processing are assumed identical. For the current UE features listed in TS36.101 chapter 8, 9 and 10, there has been no reason to define baseband tests per a frequency band. However, we think that 4-RX UE feature are a little different. The 4-RX UE behavior itself cannot be band agnostic in terms of 
(i) 3- and 4- MIMO-layer usecases, 
(ii) AP switching behavior between 2-APs and 4-APs. 
We don’t see significant problem to apply the 2-RX legacy tests in band agnostic manners within Test Scope-1, but it must be for purely 2-RX AP performance evaluations, and the 2-RX legacy tests should not include AP switching behaviors. Also, since the legacy features are band-agnostic, we assume that tests in 2-RX bands with Test Scope-1 can represent 2-RX AP demodulation performances over all bands eventually using the identical baseband processing. We wish to further discuss on the band-agnostic test application concept. Regarding test applicability per band, we propose below.

Proposal 4  :  The legacy tests application must be purely for 2-RX AP performance evaluations, and the 2-RX legacy test application should not include AP switching behaviors. 

Proposal 5 : 4-RX tests are applied depending on 4-RX RF band capabilities and UE baseband capabilities
· 4-RX AP UE features tests and performances evaluations are conducted in RF bands where UE venders declare 4-RX supports.
· In the 4-RX bands, CRS-TM high layer tests are conducted only where the UE capability signals indicate its support max 4-MIMO layers with CRS-TMs.

· In the 4-RX bands, DMRS-TM high layer tests are conducted only where the UE capability signals indicate its support max 4-MIMO layers with DMRS-TMs.
3 Conclusion

In this contribution, we discuss about ways to test 4-RX AP UE. Based on the discussions, we share our proposals and observations as below.
Proposal 1:  RAN4 should test all 2-RX legacy tests for 2-RX AP performance evaluations and UE operations in 2-RX RF bands.    (Test-Scope 1 in Table 1)

· Test Method Option-1 is applied for Test Scope 1. Antenna ports connection and UE configurations are declared by an UE vender/manufacture. 

· The Test Scope-1 includes 4-RX UE performance verification that a 4-RX UE can at least achieve 2-RX AP performances. 

· Detail test settings are up to further RAN5 discussion.
Proposal 2 : Tests from the two test scopes must essentially be defined and conducted.

· Test Scope 1 : 4-RX UE performance evaluations with 2-RX AP signal inputs for 2-RX RF band UE operations

· Test Scope 2 : 4-RX UE performance evaluations with 4-RX AP signal inputs for 4-RX RF band UE operations
Observation 1 : The tests with the Test Scope-1 and Test Scope-2 can satisfy 4-RX UE evaluations purposes below.
· All 2RX tests (RRM,RLM,demod,CSI) which test features supported by a 4RX UE are verified by the 4RX UE.
· It can be verified that the 4-RX UE at least satisfies 2-RX UE legacy performance requirements.

Observation 2 :  If extending the test scopes, RAN4 may consider Test Scope-3 concept in Table 1.

· Test Scope-3 : 4-RX UE performance evaluations with legacy requirements in 4-RX RF bands.

· Test Scope 3 is defined too broadly without specific testing targets.

· It may duplicate the same UE tests in Test Scope-2. For example of legacy NAICS tests, it may result in 4-RX MMSE-IRC test duplications under NAICS scenarios.

· It may cause waste of efforts and costs just for confirming obvious results.
Proposal 3 : With the observation 1 and 2, RAN4 needs more discussion on Test Scope-3 to resolve concerns.
Proposal 4  :  The legacy tests application must be purely for 2-RX AP performance evaluations, and the 2-RX legacy test application should not include AP switching behaviors. 

Proposal 5 : 4-RX tests are applied depending on 4-RX RF band capabilities and UE baseband capabilities
· 4-RX AP UE features tests and performances evaluations are conducted in RF bands where UE venders declare 4-RX supports.

· In the 4-RX bands, CRS-TM high layer tests are conducted only where the UE capability signals indicate its support max 4-MIMO layers with CRS-TMs.

· In the 4-RX bands, DMRS-TM high layer tests are conducted only where the UE capability signals indicate its support max 4-MIMO layers with DMRS-TMs.
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5 Appendix :Simulation Results Applying Rel-12 NAICS tests to 4-RX AP UE
We investigate performances to understand more on Test Scope-3. Simulations are applied in straightforward manner. In Rel-12, NAICS tests have been introduced. We attached 4-RX MMSE-IRC and 4-RX MMSE.
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