3GPP TSG-RAN WG4 Meeting #78                                                               R4-160898
Malta, Malta, 15th-19th Feb, 2016
Agenda Item:
6.8.1
Source: 
Ericsson
Title: 
Test method and antenna connection for UE demodulation and CSI tests
Document for:
Discussion
1 Introduction

In RAN4#77 meeting for the antenna connection to perform 2Rx tests for 4Rx capable UEs are agreed as following.
· Definition of type of UEs

· Type 1: UEs only support 2Rx in certain bands and support 4Rx in the other bands

· Type 2: UE support 4Rx in all the bands.

· The applciailbity rules can be discussed separately for those two categories.
· All 2RX tests can be tested for Type 1 UEs on a 2RX band. AP connection follows 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.

In this contribution we provide analysis on test method and antenna connection for both single carrier tests with Type 1 and 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.
2 Analysis for 2 types of UEs

The definitions of 2 types of UEs are simply based on single carrier operation where each band is either supporting 4Rx or not. But what’s missing is for commercial UEs they 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 1: 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.
· Definition of type of UEs

· Type 1: UEs only support 2Rx in certain bands and support 4Rx in the other bands

· Type 2: UE support 4Rx in all the bands.

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 1: 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.
3 Test method for Type 1 UEs for single carrier tests
Based on agreement made Option 1 should be taken as the antenna connection solution to perform the 2Rx single carrier tests for Type 1 UE if the UE supports the tests which include

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

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

Proposal 2: Option 1 should be taken as the antenna connection solution to perform the 2Rx single carrier tests for Type 1 UE if the UE supports the tests which include

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

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

To further visualize Option 1 with 2 of the 4 Rx connected with data source from SS it’s beneficial to connect the rest of the 2 Rx with zero input in order to avoid any image leakage problem with unconnected AP.

Proposal 3: Based on Option 1 connect the rest of the 2 Rx with zero input in order to avoid any image leakage problem on unconnected AP.
4 Test method for Type 2 UEs for single carrier tests

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 2: 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.

Observation 3: Option 2 couldn’t really verifying the legacy features as the performance gain can’t be distinguished from 4Rx diversity gain or certain advanced receiver gain.

Option 1 can be considered to be a universal solution for both 2Rx bands and 4Rx bands while there was concern from UE vendors that it would limit the UE implementation in some sense. For alternative compared to Option 2 while still good enough to verify the legacy feature Option 3 can be considered for demodulation tests. For CSI tests as it’s either CQI definition or relative throughput tests Option 2 can be considered as the antenna connection solution.
Proposal 4: Option 1 can be chosen for Type 2 UEs for both demodulation and CSI single carrier tests. Alternative is to have Option 3 for demodulation and Option 2 for 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.

· 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: : 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.

5 Release independent on 4Rx feature

All 4Rx requirements are defined in Rel-13 of 36.101 but it has been agreed to apply a release independent manner to DL 4 Rx AP including both 4 Rx and 4 layers in DL from release 10 onwards from [3]. In order to make sure such Rel-13 requirements to be testable in RAN5 for earlier releases Usw RAN4 should inform RAN5 for the testability for such requirements and also implement CRs in 36.307 to allow earlier releases Rel-10, Rel-11 and Rel-12 UEs can be testable for the 4Rx requirements defined in Rel-13.
Proposal 5: RAN4 should inform RAN5 in an LS [4] to allow all Rel-13 4Rx requirements to be testable for earlier releases UEs from Rel-10. 
Proposal 6: Implement CRs [5~7] for 36.307 in Rel-10, Rel-11 and Rel-12 to allow earlier UEs to be testable by 4Rx requirements defined in Rel-13 of 36.101.
6 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 7: 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.2.3, 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
Antenna connection for Type 1 UEs

For 4 Rx capable Type 1 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.2.3 
Applicability and test rule for Type 2 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 2 UEs with antenna connection specified in 8.1.2.X.2.4, 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.2.3-1.

Table 8.1.2.X.2.3-1 Additional requirements for Type 2 UEs
	Channel correlation
	Additional offset added to SNR or SINR

	Low
	3dB

	Meidum
	X

	High
	Y


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.2.4
Antenna connection for Type 2 UEs

For 4 Rx capable Type 2 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.3
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.2.3 for PCell and/or the SCells and/or PSCells if it’s a 2Rx band, with antenna connection specified in 8.1.2.X.2.3 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.2.3-1, 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>

7 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 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.

· Definition of type of UEs

· Type 1: UEs only support 2Rx in certain bands and support 4Rx in the other bands

· Type 2: UE support 4Rx in all the bands.

Observation 3: Option 2 couldn’t really verifying the legacy features as the performance gain can’t be distinguished from 4Rx diversity gain or certain advanced receiver gain.

Proposal 1: 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.Observation 2: 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.

Proposal 2: Option 1 should be taken as the antenna connection solution to perform the 2Rx single carrier tests for Type 1 UE if the UE supports the tests which include

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

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

Proposal 3: Based on Option 1 connect the rest of the 2 Rx with zero input in order to avoid any image leakage problem on unconnected AP.
Proposal 4: Option 1 can be chosen for Type 2 UEs for both demodulation and CSI single carrier tests. Alternative is to have Option 3 for demodulation and Option 2 for 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.

· 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: : 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 5: RAN4 should inform RAN5 in an LS to allow all Rel-13 4Rx requirements to be testable for earlier releases UEs from Rel-10. 
Proposal 6: Implement CRs for 36.307 in Rel-10, Rel-11 and Rel-12 to allow earlier UEs to be testable by 4Rx requirements defined in Rel-13 of 36.101.
Proposal 7: The antenna connection and applicability rule for 4Rx capable UE are provided as following as draft specification proposal for [1] for reference.
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.2.3, 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
Antenna connection for Type 1 UEs

For 4 Rx capable Type 1 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.2.3 
Applicability and test rule for Type 2 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 2 UEs with antenna connection specified in 8.1.2.X.2.4, 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.2.3-1.

Table 8.1.2.X.2.3-1 Additional requirements for Type 2 UEs
	Channel correlation
	Additional offset added to SNR or SINR

	Low
	3dB

	Meidum
	X

	High
	Y


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.2.4
Antenna connection for Type 2 UEs

For 4 Rx capable Type 2 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.3
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.2.3 for PCell and/or the SCells and/or PSCells if it’s a 2Rx band, with antenna connection specified in 8.1.2.X.2.3 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.2.3-1, 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>
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