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1 Introduction
In the 4-Rx UE WI, the test methodologies have been under discussions as a non-trivial issue. More specifically, a number of Way Forward contributions on RRM/RLM/demod/CSI tests [1] and RF tests [2] are discussing fallback scenarios requiring only 2 Rx Antenna Ports (AP) while aiming at minimizing such cases. Moreover, discussion are underway on various bands being designated as 4 Rx capable selectively and/or in phases [3, 4]. Test setup methodology for 2 Rx testing of UEs with 4 Rx APs must be clarified.
The purpose of this contribution is to discuss and propose testing methodology addressing the issues described above.
2 Discussions 
Overall, RAN4 is focusing on the following two scenarios:

· How to conduct tests requiring only two Antenna Ports on a 4 Rx capable UE 
· How to conduct tests requiring all four Antenna Ports on a 4 Rx capable UE 
Regarding the first scenario, further discussion and clarifications is needed within the framework of prior RAN4 work [1]. Section 3 covers this scenario. 

Regarding the second scenario, using a warm-up period [5, 6] is considered as a solution for all 4 Rx AP tests in control channels tests. RAN4 has had intensive discussions on this points and make agreements to apply the warming period to control channel tests. We propose to apply the warming up period to PDSCH demodulation test methods.

Proposal 1: RAN4 has discussed about warming up period introduction how to conduct control tests requiring all four Antenna Ports on a 4 Rx capable UE. We propose to apply the warming up period to 4-RX PDSCH test methods as well as control channel tests.

3 Testing a 4 Rx Capable UE when only 2 APs Required
Following options are proposed [1] for 2 Rx AP setup for UEs with 4 Rx APs. 

· 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
· The purpose is to list different options to be considered for further evaluation on the method of how to connect antennas for 2Rx tests. Other options are not precluded.
· Option 1 : 2 AP are left open
· Option 2 : 100% correlation pairwise connected [with a power splitter]
· Option 3 : 2 ports are left with zero input
Observation 1: All legacy 2 Rx test cases and scenarios (including RRM, RLM, demod and CSI) need to be applied to Rel-13 4 Rx capable UEs. The legacy testing should be enabled with no to minimal impact on the design (no test mode) and should not disrupt or over wise alter the natural behaviour of the device.  
Indeed, based on the RAN4 agreement from the last meeting, test methods must properly address and resolve any concerns regarding Observation 1 above. 
Observation 2: The purpose of 2 Rx legacy testing is to verify 4-Rx capable UEs at least to maintain 2 Rx UEs performances and feature functions. In the 4 Rx AP UE WID [7], the objective of the 4 Rx tests are stated to be verification of the substantial gains from the legacy 2 Rx UE. 

· The demodulation requirements should be defined in scenarios where 4 Rx APs are verified with substantial gains. Fallback to 2 Rx AP in other scenarios should be allowed.

Considering Option 2 “100% correlation pairwise connected with a power splitter”, the test conditions are artificially altered relative to that of the test objective. If all APs are connected to Rx signals and the signal is received by 4 RF chains, it is difficult to accurately evaluate 2 Rx AP performance and impacts. We believe that it is more desirable and consistent with the test objective to actually configure 2 Rx APs for 2 Rx legacy tests.

Observation 3: Although the issue of test setup and test methodology for fallback scenarios to lower number of Rx APs is new to RAN4, the author finds a relevant work in CTIA Over The Air (OTA) Performance specification [8] useful to be sited here. Within the frame work of and as a preliminary step for the OTA radiated performance testing, the CTIA OTA Test Plan addresses and specifies test setup for conducted receive sensitivity test using single AP on 2 Rx capable LTE UEs.

6.8.1. Test Procedure without Complex Pattern Data in [5] (CTIA OTA Test Plan 3_5_1)
Receiver sensitivity measurements shall be performed using data throughput as the measurement metric. The EUT's receiver sensitivity corresponds to the minimum downlink signal power required to provide a data throughput rate greater than or equal to 95% of the maximum throughput of the reference measurement channel.  Receiver sensitivity measurements shall be performed for each receiver independently, i.e., the other receivers in the EUT shall be disabled during the sensitivity search for a given receiver. Refer to Appendix A for set-up illustrations. 
The conducted sensitivity of the EUT shall also be measured at the antenna connector, if available, at all frequencies and resource block (RB) allocations defined for the radiated testing. The conducted sensitivity shall be performed for each receiver independently, i.e., the opposite receiver in the EUT shall not contribute any noise during the sensitivity search for a given receiver. (The test platform may terminate the unused receiver in 50 ohms or present AWGN to the unused receiver at a power level equal to the downlink signal level presented to the receiver under test.). 
6.8.4 Criteria

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3. Appendix B.1.10 contains the pass/fail OTA tables for LTE. Reports shall include results for free-space and head/hand configurations (if applicable) across all channels measured with the EUT antenna extended and retracted.

The better antenna between the two receiving antennas is always identified as the primary antenna, and the weaker antenna is the secondary antenna. The manufacturer shall identify the primary and secondary antenna for each test case by their labels (see Table B-2). When either the primary or secondary antenna is activated dynamically, then the manufacturer must identify this antenna as being active dynamically and include this information in the test report (see Table B-2).
The procedure addresses both (i) OTA test with a 2 Rx capable phone and (ii) conductive sensitivity test using single AP. When the test measures each antenna sensitivity measurements, a tester sets the UE to turn on one AP by firmware configuration. Primary and Secondary antenna are declared by vendors.
Considering the above testing setup, the following proposal is offered.
Proposal 2: The used APs and unused APs for 2-RX legacy tests are declared by a UE manufacturer or an UE vender. It is allowed to manipulate firmware software to configure a 2-RX AP mode for 4-RX AP UE tests.

Proposal 3: The unused AP inputs should not be left open. The unused AP must be set according to one of the following options: 

Option 1: The test platform may terminate the unused receiver in 50 ohms.
Option 2: The test platform may present AWGN to the unused receiver at a power level equal to the downlink signal level presented to the receiver.
Option 3: The unused APs in the UE shall not contribute any noise during the testing conducted on other APs (details including consideration of Options 1 & 2 are left to RAN5)
These options ensures that the UE performance is not impacted by the unused APs. 
In summary, we provide views on the options from the last RAN4 meeting:

· Option 1 : 2 AP are left open
·  >> The unused APs should not be left open.

· Option 2 : 100% correlation pairwise connected [with a power splitter]
· >> If all APs are connected to Rx signals and the signal is received by 4 RF chains, it is difficult to accurately evaluate the 2 Rx AP performance and the impacts. We believe that it is more desirable and consistent with the test objective to actually configure with 2 Rx APs for 2 Rx legacy tests.
· Option 3 : 2 ports are left with zero input
· >> Refer to Proposal 3
Observation 4: Considering UE implementation of diversity combining, as relates to partial utilization of available Rx APs, there is no mandate for implementation of specific combing methods such as selection or switching combining [9] as opposed to Maximum Ratio Combining (MRC) where all Rx APs are utilized.  As a matter of fact, MRC has been defined as the previous baseline Rx combining of multiple MIMO antenna inputs for the best performance. Dead signal rejection has not been a 3GPP requirement for the MRC receiver.  As a result, partial usage of 4 Rx APs may not be a part of normal UE operation. Despite this, it is common for UEs to support a capability to disable APs selectively through firmware.  
Also, as we indicated in email discussions, RAN4 4-RX test assumptions may be regarded as contradiction with the 2-RX legacy tests.
Observation 5:  In a real scenario, considering encountering heavy traffic input during a 2 Rx APs operation, the UE should attempt (per RAN4) to check the signal qualities to properly turn on all 4 Rx APs as a correct behavior. But similar scenario may trigger an unintended behavior during a 2 Rx legacy test as the result of contradiction with the 2 Rx APs only restriction of the legacy test. This may also result in possible unexpected performance degradation irrespective of the test objective. Therefore, a special accommodation is in order here and the following proposal is offered to address that.
Proposal 4 : The 2 Rx performance tests are conducted based on test configurations by Proposal 2 and Proposal 3. Optionally, we can define the test method per a 2-RX bands or 4-RX bands 

The 4 Rx performance tests are conducted in the 4 Rx capable bands; and
Option 1: In 4 Rx capable bands, 2 Rx legacy tests are not conducted.
Option 2: In 4 Rx capable bands, 2 Rx legacy tests are conducted by 2 Rx APs firmware configuration based on AP wire connection.
And, only 2 Rx performance tests are conducted on bands that are not 4 Rx capable.
Since RAN4 general policy is toward band independency of the tests, Option 1 may be against the RAN4 general policy. In this case, Option 2 seems more appropriate. 

4 Additional 4-RX UE Fallback (Robustness) Test
In addition to an email discussion triggered by Ericsson [10], Ericsson has proposed to introduce a robustness test to confirm if the UE fallbacks to 2-RX APs to preserve performance. The test seems to define a condition that 2-RX AP performance is better than 4-RX APs, so makes the 2-RX UE have to fallback to 2-RX APs in a special case.

Fallback conditions are UE implementation issues. Depending on channel conditions, traffic conditions, power consumption conditions etc, fallback behaviors can be defined by UE companies. Therefore, it will be verbose arguments to make an aligned fallback conditions in RAN4.
A necessary test objective is that if the 4-RX UE is fallback to 2-RX APs, the UE at least has to satisfy equivalent performance as 2-RX AP UE. This objective can be achieved by applying the legacy 2-RX tests. As the WID, we would like to remind the test objective that the demodulation requirements should be defined in scenarios where 4 Rx APs are verified with substantial gains. In order to ensure that 4-RX performance is at least equivalent to 2-RX, such robustness has already been covered by the legacy 2RX tests. We are not sure about testing purpose of fallback behaviors itself.

Proposal 5: The Rel-13 4-RX AP UE at least has to satisfy equivalent performance as 2-RX AP UE. This is an objective RAN can evaluate by applying the legacy 2-RX tests. Switching between 4-RX APs and 2-RX AP is an UE implementation issue, RAN4 does not needs to introduce additional tests checking fallback behaviors.
-  Corner cases such that 4-RX AP performance is degraded comparing to 2-RX AP must be further clarified before discussing test introduction.

- As the 4-RX WID objective states in [7], the demodulation requirements should be defined in scenarios where 4 Rx APs are verified with substantial gains.
5 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 has discussed about warming up period introduction how to conduct control tests requiring all four Antenna Ports on a 4 Rx capable UE. We propose to apply the warming up period to 4-RX PDSCH test methods as well as control channel tests.

Observation 1: All legacy 2 Rx test cases and scenarios (including RRM, RLM, demod and CSI) need to be applied to Rel-13 4 Rx capable UEs. The legacy testing should be enabled with no to minimal impact on the design (no test mode) and should not disrupt or over wise alter the natural behaviour of the device.  
Observation 2: The purpose of 2 Rx legacy testing is to verify 4-Rx capable UEs at least to maintain 2 Rx UEs performances and feature functions. In the 4 Rx AP UE WID [7], the objective of the 4 Rx tests are stated to be verification of the substantial gains from the legacy 2 Rx UE. 

· The demodulation requirements should be defined in scenarios where 4 Rx APs are verified with substantial gains. Fallback to 2 Rx AP in other scenarios should be allowed.

Observation 3: Although the issue of test setup and test methodology for fallback scenarios to lower number of Rx APs is new to RAN4, the author finds a relevant work in CTIA Over The Air (OTA) Performance specification [8] useful to be sited here. Within the frame work of and as a preliminary step for the OTA radiated performance testing, the CTIA OTA Test Plan addresses and specifies test setup for conducted receive sensitivity test using single AP on 2 Rx capable LTE UEs.

Observation 4: Considering UE implementation of diversity combining, as relates to partial utilization of available Rx APs, there is no mandate for implementation of specific combing methods such as selection or switching combining as opposed to Maximum Ratio Combining (MRC) where all Rx APs are utilized.  As a matter of fact, MRC has been defined as the previous baseline Rx combining of multiple MIMO antenna inputs for the best performance. Dead signal rejection has not been a 3GPP requirement for the MRC receiver.  As a result, partial usage of 4 Rx APs may not be a part of normal UE operation. Despite this, it is common for UEs to support a capability to disable APs selectively through firmware.  
Proposal 2: The used APs and unused APs for 2-RX legacy tests are declared by a UE manufacturer or an UE vender. It is allowed the test bench to set the UE to enable 2 of the Rx APs while disabling others using firmware configuration.
Proposal 3: The unused AP inputs should not be left open. The unused AP must be set according to one of the following options: 

Option 1: The test platform may terminate the unused receiver in 50 ohms.

Option 2: The test platform may present AWGN to the unused receiver at a power level equal to the downlink signal level presented to the receiver.

Option 3: The unused APs in the UE shall not contribute any noise during the testing conducted on other APs (details including consideration of Options 1 & 2 are left to RAN5)

These options ensures that the UE performance is not impacted by the unused APs. 

Proposal 4 : The 2 Rx performance tests are conducted based on test configurations by Proposal 2 and Proposal 3. Optionally, we can define the test method per a 2-RX band or 4-RX band 
The 4 Rx performance tests are conducted in the 4 Rx capable bands; and

Option 1: In 4 Rx capable bands, 2 Rx legacy tests are not conducted.
Option 2: In 4 Rx capable bands, 2 Rx legacy tests are conducted by 2 Rx APs firmware configuration based on AP wire connection.

Proposal 5 : The Rel-13 4-RX AP UE at least has to satisfy equivalent performance as 2-RX AP UE. This is an objective RAN can evaluate by applying the legacy 2-RX tests. Switching between 4-RX APs and 2-RX AP is an UE implementation issue, RAN4 does not needs to introduce additional tests checking fallback behaviors.

-  Corner cases such that 4-RX AP performance is degraded comparing to 2-RX AP must be further clarified before discussing test introduction.

- As the 4-RX WID objective states in [7], the demodulation requirements should be defined in scenarios where 4 Rx APs are verified with substantial gains.
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