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1 Introduction
In RAN4 #53 meeting, the way forward about “requirements for the rank indication reporting” is agreed [12]: 
The following minimum requirements were agreed as a working assumption (to be contained only in the meeting minutes): Test-1 = [1.00], Test-2 = [1.05], Test-3 = [1.20]. And Companies are invited to check the feasibility of these values.
In this document, we re-study the working assumption, especially for Test-3, that is, the high correlation test case at 20dB. Since there is no reference receiver defined for the RI test, the different types of receivers, such as the MMSE and the ML, could perform differently with respect to the test. In Test-3, the ML receiver could outperform MMSE receiver when RI is fixed to 2, but has almost the similar performance when following the RI report since the UE reports RI=1 in most of the test time for high correlation antenna configuration. As a result, that requirement would punish the advanced receiver since the relative throughput gain is used as the test metric. And to some extent, that could also explain why there is a little large spread among the simulation results for Test-3 from different companies. And the same thing happened for Test-1.
For the above reasons, we think that the existing requirement [1.20] for Test-3 is not receiver agnostic and hence cannot meet the test goal. More specifically, the test should not penalize the advanced receiver with a good rank-2 performance.
To solve this issue, we provide several options. Among all the options, we propose the following suggestions based on our simulations:
· Change the definition of γ2 for Test-3 and retain [1.20] as the requirement.
2 Discussion
The simulation results are based on the test setup given in [1]. We take ML receiver as an example of the advanced receiver. In our previous contributions, we use the MMSE receiver as the baseline. And the simulation results for Test-3 are shown in Table 1 and Table 2.
Table 1: Throughput and BLER vs. SNR for MMSE receiver
	SNR
	R1 fixed to 1
	RI fixed to 2 
	Follow RI
	MMSE γ2

	
	BLER
	Throughput
	BLER
	Throughput
	BLER
	Throughput
	

	0
	23.70%
	6719
	56.9%
	4147
	23.70%
	6719
	1.62 

	4
	18.76%
	10861.3
	47.55%
	7340 
	19.50%
	10820
	1.48 

	8
	15.41%
	15701.1
	39.62%
	10661
	15.95%
	15353 
	1.44 

	12
	13.87%
	20913.2
	33.3%
	14343
	14.23%
	20642 
	1.44 

	16
	9.41%
	26408.4
	25.72%
	17873
	10.10%
	25917
	1.45 

	20
	7.61%
	29653.9
	21.38%
	22811
	9.04%
	28742
	1.26 


Table 2: Throughput and BLER vs. SNR for ML receiver

	SNR
	R1 fixed to 1
	RI fixed to 2 
	Follow RI
	ML γ2

	
	BLER
	Throughput
	BLER
	Throughput
	BLER
	Throughput
	

	0
	16.93%
	6837
	55.60%
	4413
	16.93%
	6837
	1.55

	4
	13.73%
	11017
	47.50%
	7571
	14.49%
	10933
	1.44

	8
	12.17%
	15834
	34.70%
	11905
	12.17%
	15835
	1.33

	12
	11.75%
	21065
	18.50%
	16067
	12.78%
	20805
	1.29

	16
	9.60%
	26219
	7.80%
	20368
	9.95%
	26066
	1.27

	20
	6.60%
	29910
	6.10%
	25650
	6.70%
	29435
	1.15


As all known, ML approximates the ideal performance of spatial multiplexing and is a non-linear receiver. Compared to the MMSE receiver, ML can deal better with the interference between multiple streams and thus improve the spatial multiplexing performance greatly. Furthermore, the improvement is more obvious for high correlation antenna configuration when RI=2 than for the low correlation case, because the inter-stream interference is more severe. Since no reference receiver is defined for high correlation test case, i.e., Test-3, both ML and MMSE can be used as a baseline, which might lead to the different performance for RI=2 of Test-3. However, for the RI=1 or follow-RI case (where UE reports RI=1 in most of the test time), ML and MMSE behave almost the same due to the absence of the inter-stream interference.

The reason here is that RI test metric is the relative throughput gain between follow RI and fixed RI. For Test-3, it implies that the throughput gain for the advanced receiver could be smaller than that for MMSE receiver at least in principle, since the advanced receiver outperforms the MMSE receiver when RI=2. So to some extent that requirement could prevent the UE vendor from employing more advanced MIMO receiving techniques to improve the system performance for LTE, which departs from the purpose of RAN4 requirements.
Moreover, the different choices of baseline receivers might result in a little large span of the simulation results from different companies, as we can see from Table 3. And we can also observe that the span for Test-3 is larger than the other test cases. 
Table 3: Simulation result summary for the rank indication reporting[2]
	Company
	Meeting
	Contribution
	(2 (test 1)
	(1 (test 2)
	(2 (test 3)

	Ericsson
	RAN4#53
	R4-094525
	1.28
	1.39
	1.80

	Fujitsu
	RAN4#53
	R4-094754
	1.16
	1.12
	1.51

	Huawei
	RAN4#53
	R4-094610
	1.09
	1.30
	1.26

	NEC
	RAN4#53
	R4-094736
	1.08
	1.31
	1.23

	Nokia
	RAN4#53
	R4-094415
	1.07
	1.23
	1.29

	NTT DOCOMO
	RAN4#53
	R4-094630
	1.20
	1.26
	1.32

	Samsung
	RAN4#53
	R4-094340
	1.31
	1.14
	1.49

	Qualcomm
	RAN4#52
	R4-093123
	1.20
	1.40
	1.20

	LGE
	RAN4#52bis
	R4-094042
	1.18
	1.36
	1.23

	Span
	---
	---
	0.24
	0.27
	0.60


We can summarize our observations and conclusions:
· The gap of throughput for RI=2 is large between the different receivers (e.g., ML vs. MMSE).
· If ML is used, 2 could decrease due to the increase of throughput for RI=2 relative to MMSE. Especially under the high correlation condition, ML can improve the performance for RI=2, while keeping almost the same performance for RI=1 compared to the MMSE receiver.  
· 2 is sensitive to different receiver and the definition of 2 should not preclude, if not favour, any advanced receivers.
· The impacts of the test metric for RI on FDD and TDD are expected to be the same.
3 Proposal
In order to fix this non-receiver agnostic issue, we provide the following proposals:
· Option1: replace the test metric of the relative throughput gain with the other test metrics, e.g., the combination of relative throughput gain and absolute throughput. This option could solve the problem entirely. But it requires all the companies to re-align the simulation results for RI test.
· Option2: add the enough margins for the requirements. We notice that in the previous meeting the margins have already been applied. But we prefer more relaxation for Test-3.Based on the simulation results given in the above, we propose the below requirements for the rank indication performance requirements.
Table 4:  Proposed performance requirement (FDD)
	
	Test 1
	Test 2
	Test 3

	1
	N/A
	[1.05]
	N/A

	2
	[1.00]
	N/A
	[1.10]


Given the current stage of RAN4 Rel8 specification, re-alignments could not be welcome. In order to complete the Rel8 specification as soon as possible, we prefer Option2. The value [1.10] might need to be discussed further.
We notice that the current requirements with margins are so small and there may be some concern on the effectiveness of these requirements. Maybe the resulting requirements are too relaxed to ensure the good RI adaptation performance. So we suggest that we can put the existing requirements for RI into Rel8 and make some further study on the test metrics in the Rel9 stage.
Further discussion on the effect of relaxation

However, there might be some concern on the relaxation on the Test-3 requirement using Option2. Although the setting value 1.10 for Test-3 did not preclude the advanced receiver, this requirement might be too relaxed to detect the UEs with poor performance. Although this might be an issue, we argue:
Firstly, there may be three types of poor UE. The first one is with poor RI measurement ability. The second one is with poor demodulation performance for the single layer or dual-layer. The third one is the combination of the first type and the second type. Because RAN4 have defined a series of PDSCH demodulation requirements, the second and third type of UE can be picked out. 
Secondly, as for the first type of poor UE, i.e., with inaccurate RI reporting, Test-1 and Test-2 could be trusted to rule out that poor UE, since there are three tests for RI and the important role of Test-3 is to exclude the poor UE which picks RI based on SNR. 

Thirdly, if the relaxation is thought as unacceptable, we think that we can re-use the γ1 for Test-3 as a requirement. Although the value of γ1 may be less than 1, the stringent requirement on γ1 could rule out the UE with poor RI measurement and adaptation, and at the same time since there is little performance gap between MMSE and the advanced MIMO receiver when RI=1, the requirement of γ1 could not exclude the advanced receiver and be receiver-agnostic approximately.

· Option3: Change the definition of γ2 for Test-3 and retain [1.20] as the requirement.

The existing definition is 
[1] 
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where tfollow_RI is the throughput of follow-RI and tRI_2 is the throughput of RI fixed to 2. And we change tRI_2 to
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where tIdeal_MMSE denotes the throughput for some kind of the ideal MMSE receiver (but what is the ideal MMSE receiver is FFS). This value serves as the upper boundary of the MMSE receiver performance for RI=2. The idea of Option3 is that if the throughput for RI=2 is beyond max throughput of MMSE receiver, that is, tIdeal_MMSE, which implies that the advanced receiver would be used, then we replace tRI_2 by tIdeal_MMSE in the formula [1]. 
In this way, firstly the advanced receiver could not be precluded by the Test-3 requirement, which might be set by using the MMSE receiver. Secondly, the requirement would not be relaxed, because the requirement value is not changed. Thus at least requirement for MMSE is not relaxed. For the advanced receiver, actually the absolute throughput is used for the requirement and is required to be 1.2×tIdeal_MMSE, which means that throughput of follow-RI for the advanced receiver should be larger than that of MMSE receiver. After all, the absolute throughput actually affects the user experience.
But how to choose the proper tIdeal_MMSE may be challenging. Maybe the ideal channel estimation and CQI reporting with the actual BLER=0.1 are assumed. But more straightforward way is for all the companies to show their MMSE RI=2 results. And we choose the maximum value among all the provided values. So here we present our value as 2.3Mbps.
Maybe some operators and companies have the concern on relaxing the requirements. So among the above three options, we prefer Option3.
4 Conclusion
In this contribution, we re-study the working assumption for Test 3 and provide the simulation results based on different receivers (ML and MMSE). Based on the provided results, we propose that

· All the companies should re-think about the receiver-agnostic issue on the Test-3 requirement;
· Change the definition of γ2 for Test-3 and retain [1.20] as the requirement;
· Make further study on the test metrics in Rel9 stage.
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