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1	Introduction
After RAN4#76, Ericsson initiated an Email discussion on introducing robustness test for 4RX UEs to validate their fallback function implementation. As proposed by Ericsson, test purposes of this new robustness test (to be differentiated from the agreed legacy 2RX test) can be summarized as below:
(1) Functionality test to ensure a robust fallback behavior, (i.e., when a 4Rx UE already runs into 4Rx status and then condition changes with no sufficient gain expected from UE side using all 4 paths where a proper fallback to 2Rx should be guaranteed).
(2) [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Functionality test to ensure the fallback behavior is dynamic, (i.e., the 2RX fallback is dynamically based on actual channel condition).
In this Email discussion, a simplified test setup (based on the test scenario for TM1 as defined in 8.2.1.1.1) is proposed to compare the following 3 cases:
Option-A: Only 2Rx are used and connected from the test setup as 1x2.
Option-B: All 4Rx are used but 4 ports are pairwise 100% correlated connected as 1x4, which means 2 of them are getting the same source of data.
Option-C: All 4Rx are used but only 2 ports are connected and the other 2 ports are left open.
Corresponding to the above two test purposes, the proposed test procedure can be summarized as below:
· Follow all test scenarios defined for 4Rx tests with the initialized phase up to 1~2 seconds to ensure the UE will come into a stable status of using 4Rx with all 4Rx ports connected. Then during the setup phase, Option-B or Option-C will be applied to obtain the value of the achievable throughput. 
· For both Option-B and Option-C, the selection of 2 from 4 APs can be random to guarantee the fallback is dynamic.  
Though being discussed over the RAN4 reflector, we would like to contribute more by providing our understanding and technical analysis in this discussion paper. 

2 Discussion on Robustness Test for 4RX
In this section, we would like to provide our viewpoints on this 4RX robustness test on the related aspects. Specifically, the following questions or issues should be addressed properly before considering introducing this kind of robustness test.

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]2.1 Test Setup Can Match Practical Scenario or Not?
Based on our study, in practical implementation, the problems of power imbalance (simulated by 2 antenna disconnection in Option-C) and channel correlation (simulated by pairwise correlated input in Option-B) exist, but far from the test condition currently defined.
· For Option-C, the infinite power imbalance is assumed by introducing disconnected 2 antenna ports. However, based on a solid academic study [1], this infinite power imbalance assumption is far from practical scenario. Specifically, the typical average loss is between 1.4-4.8dB depending on user operation and the antenna positions, which is obviously far from current test setup. Unfortunately, the observed 4RX performance in the power imbalance scenario is highly related to the power imbalance setting, which will be demonstrated in the following discussion. 
· Observation 1: The proposed Option-C (only 2 ports are connected and the other 2 ports are left open) is far from the observed power imbalance in practical scenarios.

· We simulate TM1 with 4RX by applying different power imbalance values (i.e., 0dB, 5dB, 10dB, 15dB and 20dB), though 15dB and 20dB being already far from practical scenario, based on the study mentioned above. Interestingly, even with 20dB power imbalance, the 4RX performance degradation due to CE and other factors is still hard to be observed, while non-negligible performance gain can be obtained by 4RX with reasonable power imbalance (at least up to 10dB) applied. According to our simulation result, the proposed Option-C with reasonable power imbalance is hard to be a 4RX unfavorable condition. 
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Figure 1: Simulation results by introducing power imbalance for 4RX

· Observation 2: Even with 20dB power imbalance, the 4RX performance degradation is still hard to be observed, while non-negligible performance gain can be obtained by 4RX with reasonable power imbalance applied, i.e., the proposed Option-C with reasonable power imbalance is hard to be a 4RX unfavorable condition.

· For Option-B in Ericsson’s proposal, it have exactly same source data including corrupted data + noise on each pair, that is,
y0 = h0x +n0. (yi is the signal at the ‘i’th receive antenna.)
y1 = h1x+n1.
y2= h2x + n2 = y0.
y3= h3x + n3 = y1.
Specifically, y2=y0 means not only h2 = h0, but also n2 = n0; otherwise, we still expect 3dB array power gain over Option-C due to the independent noise. Obviously, this setup is far from practical scenario, in which expected 3dB array power gain will bypass the loss from cell estimation, and then this unfavorable condition does not exist in practical implementation. 

· Observation 3: The proposed Option-B (with identical noise inputs for correlated APs) is unable to match a practical scenario, while a modified Option-B with independent noise inputs may introduce additional array power gain, thus making it no longer a 4RX unfavorable condition.
 
2.2 Test Purpose for Dynamic Fallback is Reasonable or Not?
In the 4RX WID [2], there is no requirement for dynamic fallback and the only content related to fallback behavior is 
“Fallback to 2 Rx AP in other scenarios should be allowed.”
From the aspect of RF chain architecture in UE practical implementation, 4RX/2RX switching also involves RF antenna architecture design, rather than being wholly related to baseband design. For instance, certain RF chains may be regarded as main RF chains, (e.g., the leftmost and 3rd left RF chain which support more bands than the other two), while considering some other limitations (e.g., the dual SIM dual standby (DSDS) may be required in practical implementation), these main RF chains may be more preferable to be selected as fallback candidate RF chain. 
Taking practical RF limitations or characteristics into account, the four APs should not be regarded as fallback candidates equally, which will make the dynamic fallback unachievable in practical implementation.
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Figure 2: Illustration of a typical 4RX RF chains in practical UE implementation

· Observation 4: Taking practical RF limitations or characteristics into account, the four APs should not be regarded as fallback candidates equally, which will make the dynamic fallback unachievable in practical implementation.
Hence we have the following proposal for the dynamic fallback requirement:
· Proposal 1: Based on WID and practical RF limitations, UE’s behavior of dynamic fallback to 2RX should not be restricted.

2.2 To Design a Reasonable Test Procedure is Feasible or Not?
Even if the purpose of this robustness test is agreed, the detailed procedure is still very hard to be defined. By assuming Option-B is utilized, the basic procedure could be summarized as: 
(a) Warm-up period to guarantee 4RX is used; 
(b) A disconnection of 2 out of 4 APs; 
(c) By allowing a “fallback learning” period for UE, a certain UE performance should be guaranteed.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]However, how to define the length of fallback learning period is a tricky question:
· The fallback learning period should not be too small: because many practical factors should be taken into account in UE’s periodic fallback checking, and it is reasonable to give UE enough time for the learning period. 
· The fallback learning period should not be too large: otherwise, we don’t see any meaning from this robustness test, especially considering lots of 2RX legacy tests are still in the test scope. Specifically, in practical 2RX legacy tests, there is a sufficient warm-up period in the RAN5 test procedure, in which the SNR is high enough for UE to detect every PDCCH/PDSCH, and UE will therefore try to turn on 4RX due to continuous DL traffic (based on the common understanding for the procedure of 4RX PDSCH demodulation test). With 2RX are left open, 4RX UE will fall back to 2RX in order to avoid the performance degradation in order to pass the legacy 2RX test.
· Furthermore, some implementation may also involve a 3RX intermediate stage during the fallback process, which would make the fallback procedure even more complex. 
Hence, from the aspect of test case design, a reasonable fallback learning period is hard to be agreed.
· Observation 5: From the aspect of test case design, a reasonable fallback learning period is hard to be agreed.
 
2.3 Possibility to Punish Advanced UE Fallback Behaviors?
Similar to other 4RX discussion, we need to reach an agreed UE fallback behavior, which is the premise of defining this test case. Due to the fact that this behavior is very complex and many practical factors (performance gain, traffic pattern, battery drainage, UE RF front-end, antenna architecture design, etc.) should be considered and balanced in the advanced UE implementation. Without fully understanding UE behavior, introducing fallback test may restrict UE implementation and even punish some advanced UE design.
· Observation 6: Without fully understanding UE behavior, introducing fallback test may restrict UE implementation and even punish some advanced UE design.

Based on the above analysis, we would like to have the following proposal:
· Proposal 2: The robustness test to ensure a robust and dynamic fallback behaviour should not be introduced to restrict UE implementation.

3 Conclusion
In this contribution, we provide our viewpoints and technical analysis on the topic of introducing robustness test for 4RX fallback mechanism. Specifically, the following observations are provided:
· Observation 1: The proposed Option-C (only 2 ports are connected and the other 2 ports are left open) is far from the observed power imbalance in practical scenarios.
· Observation 2: Even with 20dB power imbalance, the 4RX performance degradation is still hard to be observed, while non-negligible performance gain can be obtained by 4RX with reasonable power imbalance applied, i.e., the proposed Option-C with reasonable power imbalance is hard to be a 4RX unfavorable condition.
· Observation 3: The proposed Option-B (with identical noise inputs for correlated APs) is unable to match a practical scenario, while a modified Option-B with independent noise inputs may introduce additional array power gain, thus making it no longer a 4RX unfavorable condition.
· Observation 4: Taking practical RF limitations or characteristics into account, the four APs should not be regarded as fallback candidates equally, which will make the dynamic fallback unachievable in practical implementation.
· Observation 5: From the aspect of test case design, a reasonable fallback learning period is hard to be agreed.
· Observation 6: Without fully understanding UE behavior, introducing fallback test may restrict UE implementation and even punish some advanced UE design.
Based on these observations, the following proposals can be obtained:
· Proposal 1: Based on WID and practical RF limitations, UE’s behavior of dynamic fallback to 2RX should not be restricted.
· Proposal 2: The robustness test to ensure a robust and dynamic fallback behaviour should not be introduced to restrict UE implementation.
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