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Discussion
1
Introduction

In a previous contribution [1] we provided considerations on receiver agnostic aspects and consistency between TM4 and TM9 rank indicator (RI) requirements. During RAN4#64bis, the following way forward [2] was agreed after online and offline discussions:
· Study how to harmonize TM4 RI test with TM9 RI test in Rel-10/11

· Companies to evaluate TM4 RI Test 3 (Section 9.5.1 of TS36.101):

· Test 3: EPA5, high correlation

· Test metrics 1 and 2  to be provided over a range of SNRs: [0:2:24] dB

· Baseline receiver and advanced receiver to be considered

· Simulation results requested for RAN4#65

· The following alternatives will be discussed during RAN4#65 for TM4 RI Test 3 in Rel-10/11:

· Alt. 1: In Test 3, the 2 is replaced by 1 and the minimum requirement is changed to 1 = [x]

· Alt. 2: In Test 3, additional requirement 1 = [x] is added and the UE is required to satisfy either of the requirements (1 = [x] or 2 = 1.1) to pass the test.

· The value of [x] is to be determined based on the outcome of link level evaluations

2
Background
The receiver agnostic verification of the RI reporting (in the scope of LTE Release-10) was discussed between RAN4#58AH and RAN4#60bis meetings. As a result, a revised metric was adopted for the TM9 Test 3, while keeping the metric for TM4 as in earlier releases. The test configurations are summarized in Tables 1 and 2:
Table 1 –Rank indication test for TM4 in LTE Rel-10 (section 9.5.1 of 36.101)
	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Antenna correlation
	
	Low
	Low
	High

	RI configuration
	
	Fixed RI=2 and follow RI
	Fixed RI=1 and follow RI
	Fixed RI=2 and follow RI

	SNR
	dB
	0
	20
	20


Table 2 –Rank indication test for TM9 in LTE Rel-10 (section 9.5.2 of 36.101)
	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Antenna correlation
	
	Low
	Low
	High

	RI configuration
	
	Fixed RI=2 and follow RI
	Fixed RI=1 and follow RI
	Fixed RI=1 and follow RI

	SNR
	dB
	0
	20
	20


3 
Simulation results and discussion
Figure 1 shows the throughput ratio (1 and 2) as a function of SNR for the TM4 rank Test 3, assuming high antenna correlation under EPA5 propagation conditions. Two practical receiver implementations are considered:

· 
Receiver 1: This is a receiver that meets all the RI requirements specified in LTE Releases 8-10. 
· 
Receiver 2: This is an “enhanced receiver” with improved rank-2 performance and similar rank-1 performance compared to Receiver 1.

We emphasize that Receiver 2 achieves higher throughput in practical network conditions and can be hence regarded as a “better receiver” compared to Receiver 1. 

The following can be observed based on Figure 1:
· 
1 is close to unity for both receivers, hence implying that rank-1 becomes selected throughout the evaluated SNR region. This is the proper behaviour considering high antenna correlation. 
· 
Receiver 2 achieves significantly lower 2 compared to Receiver 1 due to improved rank-2 performance. In other words, a better throughput performance implies a worse test outcome, and even a failed test. This is clearly against the principle of receiver agnostic testing.
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Figure 1 – Throughput ratios for the TM4 RI test assuming high antenna correlation.
Based on the above observations, we conclude the following:
· 
2 cannot satisfy the principle of receiver agnostic testing in high SNR and high antenna correlation. This is in line with the conclusions from earlier studies.
· 
A different metric is applied in TM4 and TM9 tests, while the scope of the two tests is very similar.
· 
Transmission mode specific optimizations might be required to tackle different test metrics. This is clearly against the principle of consistent CSI reporting i.e. all adaptation should happen at the BS side.

In order to fix these problems, we propose: 
Proposal 1: 
The TM4 RI test (in section 9.5.1 of 36.101) is harmonized with the TM9 RI test. The changes are proposed to be applicable from Release 10 onwards.
Two alternatives exist to fulfil this goal [1]
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[2]: 
· Alt. 1: In Test 3, the 2 is replaced by 1 and the minimum requirement is changed to 1 = [x]

· Alt. 2: In Test 3, additional requirement 1 = [x] is added and the UE is required to satisfy either of the requirements (1 = [x] or 2 = 1.1) to pass the test.

While Alt. 1 is preferred because it fully harmonizes TM4 and TM9 RI Test 3, Alt. 2 still solves the issue at hand.
Proposal 2: 
Decide between Alt. 1 or Alt. 2 after discussion during RAN4#65.
Finally, based on our simulation results as well as for consistency with minimum requirements for TM9 RI Test 3 we propose:
Proposal 3:
Set [x=0.9] similarly to TM9 RI Test 3.
4
Conclusion
In the present contribution we provide some further considerations on the receiver agnostic verification of RI in LTE Releases 10 and 11. It is found that the Test 3 for TM4 is both receiver-non-agnostic and inconsistent with the TM9 RI test. Based on the way forward agreed during RAN4#64bis [2], we propose the following:

Proposal 1: 
The TM4 RI test (in section 9.5.1 of 36.101) is harmonized with the TM9 RI test. The changes are proposed to be applicable from Release 10 onwards.
Proposal 2: 
Decide between Alt. 1 or Alt. 2 after discussion during RAN4#65.

Proposal 3:
Set [x=0.9] similarly to TM9 RI Test 3.
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