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1 Introduction

After RAN4#76 meeting an email was triggered in RAN4 reflector as copied in the Annex to discuss the need of the robustness test for 4Rx UEs when it’s fallen back to 2Rx. 
In this contribution we present more simulation results for more various conditions to confirm the need of such robustness test, discuss the test purposes with results on more test scenarios and propose the test design.
2 Discussions 
2.1 Test purpose of the robustness tests

As stated during the email discussion, the purpose of the robustness tests for 4Rx UEs under fallback includes the following.

· Ensure the performance of 4Rx UE under fallback to 2Rx is no worse than a 2Rx UE.
· Same performance requirements should be guaranteed when dynamic fallback is allowed, meaning not always same 2Rx are used when under fallback.
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Figure 1 TM1results for fallback purpose checkingup
For the 1st test purpose it’s important to firstly confirm the need. As copied from the emai discussion a TP results in TM1 is shown in Figure 1 with 2Rx and 4Rx in either 2 of Rx AP disconnected or 4Rx in 100% correlation pairwise connected, as shown for the following conditions.
· A: Only 2Rx are used and connected from the test setup as 1x2.

· B: All 4Rx are used but 4 ports are pairwise 100% correlated connected as 1x4, which means 2 of each are getting the same source of data, including a power scaling of 0.5 on all antennas.
· C: All 4Rx are used but only 2 ports are connected and the other 2 ports are left open.

Futhermore we reuse some same test configurations for the PDSCH demodulation tests as shown in Table 1 for further checking up to confirm the test need.

Table 1 Further test list for robustness tests
	TM2
	8.2.1.2.1  Test 1
	MMSE
	2x4 (2 connected, 100% pairwise connected), 2x2
	1
	EVA5
	Xpol new medium
	N/A

	TM3
	8.2.1.3.1 Test 1
	MMSE
	2x4(2 connected, 100% pairwise connected),  2x2
	2
	EVA70
	Low  ULA
	N/A

	TM4
	8.2.1.4.3 Test 1
	MMSE
	4x4(2 connected, 100% pairwise connected),  4x2
	2
	EPA5
	Medium
	N/A

	TM9
	8.3.1.1A
	MMSE –IRC
	4x4(2 connected, 100% pairwise connected),  4x2
	1
	EVA5
	Low


	1 (DIP=-1.73dB or INR1=3.1dB)


In Figure 2~5 more results are shown according to the tests list in Table 1.
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Figure 2 TM2 results for fallback purpose checkingup
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Figure 3 TM3 results for fallback purpose checkingup
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Figure 4 TM4 results for fallback purpose checkingup
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Figure 5 TM9 results for fallback purpose checkingup
From Figue 1~5 the results show maximum 1dB performance loss from the estimation errors from the full 4Rx paths under such 4Rx unfavorable conditions.

Observation 1: Maximum 1dB performance loss is observed from different test scenarios from the estimation errors from the full 4Rx paths under such 4Rx unfavorable conditions.

About the 2nd test purpose it’s observed with input from mobile phone vendors that there can be shadow from hand for the cell phone which gives high correlation among antennas, e.g fingers put on certain antennas among all could actually put such antennas under 4Rx non-favorable conditions and such antennas may not always taken as the fixed ones among all.

Observation 2: Shadow impact from hand holding the cell phone may put certain antennas under 4Rx non-favorable conditions and such antennas may not always taken as the fixed ones among all.

From above it’s necessary to define a robustness test to ensure such test purposes above.

Proposal 1: One robustness test to ensure performance of 4Rx UE under fallback to 2Rx no worse than a 2Rx UE with dynamic fallback is needed.
2.2 Test design for the robustness tests

According to the existing test procedures from [1] there is an initial phase to connect all antennas as initial condition before all the measurement of the throughput. By such initial phase it could ensure the UEs coming into a stable status of 4Rx but compared to the existing initial phase the difference for 4Rx UE tests here is to configure an independent data source for each Rx AP where it can be considered as favorable condition with zero correlation among all antenas with PDSCH present.
Then during the next step in the test procedure it’s easier to disconnect 2 of the 4Rx randomly where the main Tx/Rx will be kept so the throughput measurement will only be based on the left 2Rx with a stable condition to verify the performance.

Proposal 2: Design the robustness test under fallback in the way connecting all 4Rx during the initial phase with independent data source on each Rx AP and disconnect 2 of 4 with main Tx/Rx kept during the test procedure phase where throughputs are measured in a stable condition.
Proposal 3: Run the tests with same initial phase but randomly disconnect 2 of 4 twice to ensure the dynamic fallback performance.

Proposal 4: The detailed test scenatios can be further discussed and decided based on more companies’ input.
3 Conclusion

This contribution provides more details on how to achieve proper test coverage and define proper applicability rules with the observations and proposals as the following.
Observation 1: Maximum 1dB performance loss is observed from different test scenarios from the estimation errors from the full 4Rx paths under such 4Rx unfavorable conditions.

Observation 2: Shadow impact from hand holding the cell phone may put certain antennas under 4Rx non-favorable conditions and such antennas may not always taken as the fixed ones among all.

Proposal 1: One robustness test to ensure performance of 4Rx UE under fallback to 2Rx no worse than a 2Rx UE with dynamic fallback is needed.
Proposal 2: Design the robustness test under fallback in the way connecting all 4Rx during the initial phase with independent data source on each Rx AP and disconnect 2 of 4 with main Tx/Rx kept during the test procedure phase where throughputs are measured in a stable condition.
Proposal 3: Run the tests with same initial phase but randomly disconnect 2 of 4 twice to ensure the dynamic fallback performance.

Proposal 4: The detailed test scenatios can be further discussed and decided based on more companies’ input.
4 References

[1] TS 36.521-1, v12.6.0
5 Annex: copy of email discussion from RAN4 reflector
From: Maomao Chen 
Sent: den 12 september 2015 11:53
To: Maomao Chen; 3GPP_TSG_RAN_WG4@LIST.ETSI.ORG
Subject: RE: Robustness test for 4Rx UEs under fallback

Hi all,

Again. Thanks to those who still follow this email thread. This may not be very much related to the robustness test only. But in order to make the bigger picture clear I would like to explain a bit more on the 4Rx work from our understanding.

The 4Rx UE will come into market in near future as a high-profile products to adapt the need of operators’ deployment to achieve high rank high data rate which should be an obvious fact. Then for 4Rx WI we have both RF and performance part. It's required in the WID that when under condition UE didn't observe sufficient gain from performance part it's allowed for the UE to fallback from 4Rx to 2Rx depending on the UE implementation. So here the baseband performance gain is the key factor and the focus is more on the baseband processing. Then when it comes to UE implementation of baseband processing, algorithms and so on it is each chipset company's responsibility to decide how and what to do as UE implementation to support the feature of 4Rx in terms of a proper balance of UE complexity and performance and the corresponding fallback behavior. However one very important aspect about the antenna design and antenna configuration is actually beyond the baseband scope but more like a mobile phone/tablet vendors' job to decide. Such aspects could include the following, e.g. what kind of antenna configuration is considered to be a practical setup from mobile phone/tablet/laptop modem as commercial products, what antenna correlation is observed to be the practical number for different antenna configuration, what is the key factor to impact such antenna correlation, etc. As such aspect decides the 4Rx gain in a big way we take it as an essential point to be considered e.g. for the robust fallback purpose. Then from our understanding such input should be given by the mobile phone/tablet/laptop modem companies so that the chipsets integrated in such products could follow under such conditions and provide a better performance in terms of throughput gain to better serve the market need.

So we hope we can get more input from above and with the goal to specify proper performance requirements for 4Rx UE in this WI it's better to get better understanding earlier than later. With such common goal we appreciate all the support done for this work so far and also expect to achieve a specification for this feature in the end. Thank you very much.

Nice weekend.
BR
Maomao
From: Maomao Chen [mailto:maomao.chen@ERICSSON.COM] 
Sent: den 10 september 2015 14:44
To: 3GPP_TSG_RAN_WG4@LIST.ETSI.ORG
Subject: Re: Robustness test for 4Rx UEs under fallback

Hi Jackson,

Thank you very much for the reply. Please find my reply below from our understanding. More comments are welcome.

BR

Maomao

From: He Wang [mailto:h0809.wang@SAMSUNG.COM] 
Sent: den 10 september 2015 07:45
To: 3GPP_TSG_RAN_WG4@LIST.ETSI.ORG
Subject: Re: Robustness test for 4Rx UEs under fallback

Hi Maomao and all,

 

Thanks for bringing this interesting discussion. 

Here we would like to share some of our views:

 

1.     The test setup can match the practical scenario or not?

        Based on our study, in practical implementation, the problems of power imbalance (simulated by 2 antenna disconnection) and channel correlation (simulated by pairwise correlated input) exist but far from the test condition currently defined.

        Actually, some solid academic studies have been conducted already.

           - In [1], 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.

           - For the worst orientation, the channel correlation could be as high as 0.8, but still hard to reach 1.0.

        Based on a practical test setup, further evaluation can be made from different companies.

        [1] F. Harrysson, J. Medbo, A. F. Molisch, A. J. Johansson and F. Tufvesson “Efficient Experimental Evaluation of a MIMO Handset with User Influence” IEEE Trans on Wireless Commun., Vol. 9, No. 2, pp. 853-863, Feb. 2010.

[Maomao] About the practical scenario regarding the channel correlation we completely agree based on our previous study as well which is also the reason we wanted to bring in a more realistic correlation value for the general performance tests to reflect the realistic network condition. But here as stated before the purpose of such fallback tests is not to go through every possible condition when such fallback is supposed to happen but more to ensure the performance only under ONE typical worst condition where the robust fallback must be guaranteed. So we can take it more like a functional test to ensure a proper fallback. And when it comes to UE implementation as you stated later the fallback can be complicated and depend on many conditions so when we design the test such flexibility should be allowed from the UE side and from RAN4 we shouldn’t draw such strict line to limit the UE implementations. However, we set up performance requirement which is RAN4’s job e.g. under ONE WORST condition to achieve the test purpose.

2.     Test purpose of this robustness test:
        Even with the current test setup, we may need more time to evaluate the performance loss due to the estimation errors.

        Before a fully agreement on the existence of this performance loss, it may be too early to discuss the necessity and purpose of this robustness test.

[Maomao] Agree. And that’s the whole point of triggering the email discussions. We certainly encourage all interested companies to perform more thorough study and evaluation to confirm the need of such tests. In the end what we want to achieve is to ensure the performance of 4Rx UE, and in the meanwhile during the discussions help in any sense to avoid a burning battery in return of performance loss. So if it’s an issue we try to solve it by a clear test. If not then everybody just stays happy and hopefully get a better understanding of the UE behavior through this journey. 

 

3.     The feasibility to define this robustness test:
        Even if the purpose of this robustness test is agreed, the detailed procedure is still very hard to be defined.

        As suggested by Maomao, the basic procedure could be: 

             (a) warm-up period to guarantee 4RX is used; 

             (b) a disconnection of 2 antenna out of 4; 

             (c) by allowing a “fallback learning” period for UE, a certain UE performance should be guaranteed.

        However, how to define the length of fallback learning period is a tricky question  (let me know if I am wrong):

              - This period should not be too small: because many practical factors should be taken into account in UE’s periodic fallback checking.

              - This 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.

 [Maomao] Actually I don’t think such “fallback learning” period will be an issue. As the only condition changed here is to disconnect the antenna ports where should trigger the fallback if UE . Then the whole test time afterwards is rather long and should be able to achieve a stable status to reflect the performance. As no more condition changed we expect no more 4Rx will be used in the later phase. And what comes out of it is merely a throughput measurement which sets the requirement that should be achieved. But the current test proposal is just an idea we think it could work. We are also looking for other alternatives to design the tests now if it could serve the test purpose better. We will bring more input next meeting and certainly are open to hear more opinions from other companies. 
4.   UE behavior for 4RX/2RX switching:
      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 implemantion and even punish some advanced UE design.

  [Maomao] I understand this is a tricky issue to deal with. One hand we should give enough flexibility on UE implementations to find a proper balance between using 4Rx and falling back to 2Rx, on the other hand we also need to make sure the performance can be kept in a robust level. And the latter one should be the goal we work for in RAN4 to define proper performance requirement with proper test scenario. By saying that it doesn’t mean we will need to limit the UE implementation as the first purpose. But to which level of the UE fallback behavior should really be left to the UE vendors to decide and it’s no point to define or even possible to specify anything from standardization. So this point I hope it’s clear to everyone that it’s not the focus of this test and it shouldn’t be either.
5.   RF aspect of 4RX/2RX switching:
      As mentioned above, this UE implementation issue also involves RF antenna architecture design, and not only releated to baseband design.

      For instance, the "dynamic fallback" mentioned by Maomao is related to RF design.

      Therefore, we may need to require RF experts to join in this discussion and bring analysis from RF aspect .

   [Maomao] We are open to hear more option from RF side but again such fallback is already stated in the WID as one important aspect to achieve. Then the dynamic fallback is simply considered from a practical consideration when condition changes among different antenna ports the performance should be ensured. And here we more focus on the baseband performance which really decides how much data rate can be achieved from the UE side.
Further discussions are welcomed.
 

Regards,

Jackson (He Wang)

 

 

 

 

------- Original Message -------

Sender : Maomao Chen<maomao.chen@ERICSSON.COM>

Date : 九月 09, 2015 03:05 (GMT+08:00)

Title : Re: Robustness test for 4Rx UEs under fallback

 

Hi DJ,

Thanks for the reply. Actually we are open to hear more options from different UE vendors about the non-favorable condition, especially under high correlation scenario which could decide the 4Rx gain much. But to the general purposes as stated are 1) to ensure a no worse than 2Rx UE performance under fallback, 2) dynamic fallback among antennas (including one main Tx/Rx ant port always) with equivalent robust fallback performance. 

About your statement e.g. “Recalling that AP fallback is for saving power consumption, the UE will not use intentionally all 4-AP DSP computations.” is rather not convincing as it’s based on the assumption that the UE has properly fallen back to 2Rx already then of course under such condition not full 4 paths will be used. But the key point missing here is how to ensure a proper fallback. We agree it’s up to UE implementation and we don’t intend to discuss too much details on how to perform such UE implementation if it’s possible as long as the purpose of ensuring a proper fallback under certain condition e.g with high correlation scenario can be ensured. Any other non-favorable condition can be considered too but considering the test setup it seems to disconnect antenna ports could be the easiest way. Again we are also open to further discuss it.

And for the legacy tests again it is to connect only 2Rx but it’s not based on the condition with all 4Rx are already in use so such condition can’t really cover the 2 purposes of the test as stated from the beginning. Any further comments regarding to the issues pointed out are very much welcome.

BR

Maomao

From: Yoon, Daejung [mailto:daejung.yoon@intel.com] 
Sent: den 8 september 2015 20:49
To: Maomao Chen; 3GPP_TSG_RAN_WG4@LIST.ETSI.ORG
Subject: RE: Robustness test for 4Rx UEs under fallback

Hi Maomao and all,

Thanks for bringing it up. 

We have one question on E/// simulation observation. The main reason of degradation is due to channel estimation and noise estimation from the 4x4 metric are bigger than only a 2x2 metric. However, in general, it seems unreasonable to assume 4x4 matrix computation for 2-RX AP on situation. Recalling that AP fallback is for saving power consumption, the UE will not use intentionally all 4-AP DSP computations. Honestly speaking, I am digging in the same homework as Maomao’s trial. To discuss about it, we have to get clear understanding the RX model how to use 2-APs only when configuring a 4-RX AP UE even in the LLS simulator, anyhow it will be UE implementation issue.  

E/// proposal is to introduce a robustness test to confirm if the UE fallbacks to 2-RX APs to preserve performance. Regarding this, we have similar view with Mediatek. 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.  In E/// example like hand holding, it is unclear about UE behaviors, (i.e. unclear if the UE should fallback to 2-RX APs or sustain 4-RX APs for better performance.) It will be all different per UE implementation. We are not sure about testing purpose of fallback behaviors itself.

Best regards,

DJ

From: Maomao Chen [mailto:maomao.chen@ERICSSON.COM] 
Sent: Tuesday, September 08, 2015 5:38 AM
To: 3GPP_TSG_RAN_WG4@LIST.ETSI.ORG
Subject: Re: Robustness test for 4Rx UEs under fallback

Hi Sean, Ato, 

Thank you very much for a quick feedback. I try to reply in an organized way as inline below. You can judge how well it is. 
Any more comments are welcome.

BR

Maomao

From: Wuhai (Sean) [mailto:wuhai@HUAWEI.COM] 
Sent: den 8 september 2015 12:13
To: 3GPP_TSG_RAN_WG4@LIST.ETSI.ORG
Subject: Re: Robustness test for 4Rx UEs under fallback

Hi Maomao

Thanks for bring such an interesting robustness test , based on an assumption that there exist a 4RX un-favorable condition in which the 2RX antenna reception will outperform the 4RX antenna reception.

Considering that the 100% correlated channel and 2 RX antenna functionality-disabled are some kinds of artificial scenarios, So, we would like to receive more clarification on

  Whether and how does this 4RX un- favorable condition exist in realistic network? 

[Maomao] Actually there can be many conditions, as mentioned below the channel correlation among antennas can very much decide the 4Rx gain compared to 2Rx, then depending on different bands such correlation varies a lot. Also the shadow effect from hand holding the cell phone could change the correlation and power imbalance in an effective way so we can say such un-favorable condition can be taken as a rather common case. But to clarify the test purpose here is not to go through all non-favorable conditions for 4Rx to check the fallback but more like a functional test to only target on ONE of the typical worst conditions where the UE must fulfill certain performance requirements as robustness fallback compared to 2Rx UE. That is one meaning of the test. The other one is to ensure a dynamic fallback performance where not only 2 fixed ports are always selected.
  Have we already observed this issue from UE/CellPhone vender?

[Maomao] There are study on what are the factors to decide the channel correlation among antennas but considering no commercial products with 4Rx available from market yet we don’t think the issue is well studied yet. Certainly our intention is to gather more feedback for now no and in long run to design RAN4 test to ensure a proper fallback performance through the WI phase. To be noted for 2Rx as legacy features such issue is not obvious taken as a reasonable solution to always use 2Rx. For 4Rx or future more Rx ports there will be more flexibility from UE side and such flexibility should be allowed as reasonable assumption so it’s important to consider the performance robustness from the beginning.
Thank you.

Wuhai (Sean)

发件人: Ato Yu (余倉緯) [mailto:Ato.Yu@MEDIATEK.COM] 
发送时间: 2015年9月8日 15:21
收件人: 3GPP_TSG_RAN_WG4@LIST.ETSI.ORG
主题: Re: Robustness test for 4Rx UEs under fallback
Dear Maomao,

Thank you for providing this proposal.

Please see some comments and questions below:

1.      I would like to first understand the scope of this robustness test. Is it for PDSCH demodulation only? Or it will be extended to RRM, RLM and CSI?

[Maomao] The scope of the robustness test we consider so far is only be limited to PDSCH demodulation for now where we see there is potential risk to lose performance from estimation errors under non-favorable condition with 4Rx all in use. The other tests e.g. RLM (still under feasibility study), RRM are more related to how to perform the legacy tests with 2Rx which we don’t consider much related to ensure a fallback performance. For CSI the purpose will be somehow different focusing on the reporting gain and/or high ranks so we don’t take it into such fallback consideration either.
2.      When disconnecting 2RX antennas, we need to be sure that the UE’s UL signal is still received by the test equipment.

[Maomao] As stated before during the meeting the main Tx/Rx will be always connected so such UL signal should be kept well. And we don’t consider any 2 UL case for such fallback checking in order to stay focused.
3.      I can understand the purpose of this proposal is different from the legacy 2RX tests. But the UE behaviors in order to pass the tests are the same. Let’s first assume that legacy 2RX test will be conducted with 2 RX connected and 2RX open. The behavior of UE during these two tests would be like:

1)      Legacy 2RX test: During the PDSCH demodulation test, as an example, continuous PDSCH is transmitted to UE with sufficient warm-up period. (This warm-up period is already there in the RAN5 test procedure, not introduced for the purpose of 4RX.) In this warm-up period, the SNR is high enough for UE to detect every PDCCH/PDSCH. Without additional conditions, UE will therefore try to turn on 4RX due to continuous DL traffic. BUT now 2RX are left open, because we are now conducting legacy 2RX test on this 4RX UE, and the requirements are the same. It is a reasonable behavior that the 4RX UE will fall back in order to avoid the performance degradation by using 4RX and in order to pass the legacy 2RX test. 

[Maomao] We don’t share the same view here. For legacy tests during the whole test procedure such 2Rx are left open from the beginning of the warm-up period (it’s the initialized phase but not accurate to call it warm-up). So it’s no guarantee all 4Rx will be in use at all so for this case we can’t really take it as a fallback. It’s more taken as a default usage of 2Rx of 4 decided by the UE. And such assumption we assume is fair considering such RSRP detection might be done anyway per port already (!! It comes into UE implementation details…).
One can interpret this as one additional condition on the 2RX fallback decision of UE, added by the test method of legacy 2RX tests. In other word, UE needs to check at least the following 2 conditions before fallback:

                                            i.                If continuous PDSCH is coming, and 

                                          ii.                if the power imbalance among the RX antennas exceeds a certain level. 

During the test, UE needs to keep checking these 2 conditions periodically. This implies UE has to turn on 4RX periodically in order to measure the RX power imbalance. 

[Maomao] Again actually this comes into the details of the UE implementations where we don’t intend to discuss too much here. It might be many conditions to trigger the UE to perform some detections to check if it’s good to perform 4Rx or not, but only limited to the above 2 conditions.
2)      Robustness test: In the beginning, all 4RX will be connected and used to carry the DL signals. After the warm-up period, UE will be in the 4RX mode. Nevertheless, UE still needs to keep checking above 2 conditions periodically, in order to find any chance for power saving. So, Disconnecting 2RX is just to test the 2nd condition. 

In this sense, I believe the UE behavior to be verified in the robustness test has already been covered by the legacy 2RX tests. (But I could be wrong.)

[Maomao] About the fallback robustness one more thing as mentioned below is also to ensure a dynamic fallback performance so such part is not really covered even if we assume the whole argument is valid above.
4.      There are still some more detail UE implementations, e.g., any other conditions to be considered (such as battery power and channel correlation), the periodicity to check above conditions and the exact threshold for power imbalance. These are some uncertainties that may have impact the performance in this robustness test. Some careful design is required. 

[Maomao] Certainly careful design is needed which is also the purpose for the email discussions. But as said the robustness test is not within the intention to reflect all possible conditions where the UE performs fallback but more to target one of the worst conditions where certain fallback performance must be guaranteed.
Some further discussions are welcome.

BRs,

Ato

From: Maomao Chen [mailto:maomao.chen@ERICSSON.COM] 
Sent: Monday, September 07, 2015 11:36 PM
To: 3GPP_TSG_RAN_WG4@LIST.ETSI.ORG
Subject: Robustness test for 4Rx UEs under fallback

Hi all 4Rx fans,

During last meeting we had chance to discuss with some companies offline about the need of introducing a robustness test to ensure a fallback performance no worse than 2Rx UE when the condition is not good enough to use all 4Rx from the UE side. Here are more details provided in this email and I hope it’s enough information now to trigger a proper discussion on how to ensure a robust fallback from 4Rx to 2Rx. 

Some clarifications at the beginning. 1) The purpose of such test here is not correlated with the discussions we had on how to perform the legacy tests defined by 2Rx. For the legacy tests with 2Rx we more take it as to ensure a proper test coverage where the UE is switched on with default only using 2Rx among the 4 where no fallback is involved. Here the purpose the test is to ensure 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) The intention is not to discuss the actual UE implementation on how to perform the fallback not only to create test scenarios to ensure no worse performance than 2Rx can be achieved.

To simply the test as sanity checking the test scenario as TM1 defined in 8.2.1.1.1 is used for the following figure where we compare the 3 cases with curves as below.

1.       A: Only 2Rx are used and connected from the test setup as 1x2.

2.       B: All 4Rx are used but 4 ports are pairwise 100% correlated connected as 1x4, which means 2 of each are getting the same source of data.

3.       C: All 4Rx are used but only 2 ports are connected and the other 2 ports are left open.
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So what we have observed here is no matter how the antennas are connected with different input data, as long as the full 4 paths are used  under such non-favorable condition it brings about 1dB performance loss in average. This is due to the fact the estimation errors from channel estimation and noise estimation from the 4x4 metric are bigger than only a 2x2 metric. So in live network condition it means when it’s not good condition to use 4Rx, e.g channel correlation gets really high between 2 pairs due to shadow from hand, or certain power imbalance under certain condition, the 4Rx UE burns all the power using all 4 paths but in return of an even worse than 2Rx UE performance. Here the above test only shows about 1dB loss but we expect on other tests it may become bigger. It may be in the end covered by the margin already but at least we should ensure the performance part with no worse than 2Rx UE which is the focus of RAN4( if we say we can’t really check about the power consumption part). And considering such fallback may have certain dynamic behavior e.g. not only always limited certain 2Rx ports to fallback, we should consider such aspect when design the test.

So the proposal on the test scenario is basically to 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 when adding all propagation channel and noise we disconnect 2 of the 4. For the test procedure in order to achieve stable test it’s difficult to change test condition during the test but to disconnect the antenna can be a much easier solution. Such disconnection can be done either in a random way in order to ensure a dynamic fallback with robustness in the meanwhile or can be conducted twice with different disconnections. With such test setup at least we can ensure a proper fallback in a dynamic manner. Details can be discussed further in the coming meetings.

As it’s already required in the WID to allow UE performing fallback when no sufficient gain observed we take it as an essential objective to achieve a robust fallback performance in this WI. We will also bring contribution in next meeting with possible more test scenarios to check better test coverage for such fallback and in the meanwhile we encourage companies to perform study and provide your views accordingly. Any comments are very much welcome too if I miss anything.

So have fun, guys! 
BR

Maomao
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