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1 Introduction
In RAN WG4 #64, RI test for eICIC for TM3 was discussed. Several companies provided simulation results for the RI test at low and high SNR. The results showed that at high SNR (“test 2”), the existing Rel-8/9 RI test framework (i.e. comparing throughput of follow RI vs. throughput of RI = 1) can also be re-used for eICIC. Our previous result [2] as well as many other companies’ results showed that the existing Rel-8/9 RI test framework also works well for low SNR (“test 1”). However, there were also concerns that due to differences in BLER for RI = 1 and RI = 2 the existing Rel-8/9 RI test framework without any modification may not be a suitable metric. Due to this robustness issue for test 1, it was agreed to introduce a RI test for high SNR and low correlation (“test 2”) and do further studies whether a RI test should also be introduced at low SNR (“test 1”). The framework for eICIC RI tests was agreed in [1].

On the other hand, it is important to note that with only test 2 and without test 1 or test 3, UEs could cheat by blindly reporting rank 2 and still pass the RI test. For this reason, it is essential to introduce a second RI test (either test 1 or test 3) to prevent UE from cheating.
The main reason for the potential lack of robustness in reusing the Rel-8/9 RI test framework for eICIC is due to the CQI mismatch problem and the resulting BLER impact as was discussed in prior meetings. Two potential approaches to mitigate the problem and make the RI test feasible were already proposed and agreed as part of simulation assumptions [3]. They are
· MCS selection with CQI bias (i.e. consider CQI+1, CQI, and CQI-1).

· Enabling HARQ ReTx
Also, using high SNR and high correlation (“test 3”) could be another alternative in preventing UE’s cheating.

· Using high correlation channel
which is also listed as part of simulation assumptions in [3].
In this contribution we provide simulation results for the above options and provide our views on eICIC RI test.

2 Discussion
To address the potential lack of robustness of the second test, we provide results for
· MCS selection with a fixed CQI bias +1, 0, or -1
· MCS selection with the best bias, i.e. MCS chosen based on the best of {CQI-1, CQI, CQI+1}
· Enable HARQ ReTx
· Using high correlation channel
Simulation assumptions are in [3] and copied in the Appendix for reference.
2.1 Results with Rel-8/9 approach
Figure 1 shows the resulting gamma values for the pure Rel-8/9 approach. The figure shows that it is feasible to use Rel-8/9 RI test framework without modification for both test 1 (low SNR) and test 2 (high SNR). However, while many companies showed (2 value greater than 1.0, stability issue were raised for some implementation in the previous meeting. If (2 value is set to be lower than or equal to 1.0 for test 1, the test cannot still prevent UE’s cheating, as UEs that always report rank 2 will still pass both test 1 and test 2.

One solution to this issue could be to define the requirement for test 1 in terms of (1, say (1 =0.9. While this test can rule out certain UEs that blindly reports rank 2, the test will still allow UEs blindly reporting rank 2 as long as the UE’s rank 2 throughput is at least 90% of the UE’s rank 1 throughput. Therefore, such solution is not ideal.
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Figure 1: Gamma Values when MCS is chosen based on CQI (pure Rel-8/9 approach)

2.2 Results for MCS selection with a fixed CQI bias

To address the potential CQI mismatch, one methodology is to choose MCS based on CQI+x, where x=+ 1, 0, or -1. Specifically, the procedure is as follows

Step 1) Fix x = -1, 0, or 1

Step 2) MCS is chosen based on CQI+x

Step 3) For each SNR, evaluate throughput with fixed rank 1, fixed rank 2, and follow RI.

Step 4) Compute (1 and (2 as the throughput ratio of follow RI to fixed rank 1 and 2.
In particular, in Figure 2, we show the resulting gamma values for CQI–1, where we observe that (1 at low SNR is greatly improved. Therefore, choosing MCS based on CQI-1 is a good candidate that works for test 1.
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Figure 2: Gamma Values when MCS is chosen based on CQI-1 

2.3 Results for MCS selection with the best CQI bias
As the intention of selecting MCS based on CQI+{-1,0,1} is to mimic the eNB outer loop compensation of the CQI mismatch, and as the desired eNB outer loop compensation amount may be different for different rank and SNR points, perhaps a more suitable approach that better reflects the outer loop compensation is the following
Step 1) MCS is chosen based on CQI-1, CQI, or CQI+1

Step 2) For each of the three MCS’s, and for each SNR, evaluate throughput with fixed rank 1, fixed rank 2, and follow RI
Step 3) For each SNR, and for each of the fixed rank 1, fixed rank 2, and follow RI, choose the best throughput out of those resulting from the three MCS choices. This step mimics the eNB outer loop behaviour.
Step 4) Compute (1 and (2 as the throughput ratio of follow RI to fixed rank 1 and 2.
Figure 3 shows the resulting gamma values using this approach.
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Figure 3: Gamma Values when MCS is chosen based on the best of {CQI-1, CQI, CQI+1}

From the figure we see that (2 is above 1.0 at all low SNR points. Therefore, choosing MCS based on the best of {CQI-1, CQI, CQI+1} is a good candidate that works for test 1.
2.4 Results with HARQ ReTx
Figure 4 shows the gamma values with HARQ ReTx enabled.
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Figure 4: Gamma Values with HARQ ReTx enabled
From the figure we see that (2 is above 1.0 at all SNR points. Therefore, enabling HARQ retransmission is an alternative solution that works for test 1.
2.5 Results with high antenna correlation
Another potential method to prevent UE’s cheating by blindly reporting rank 2 is to introduce a high SNR, high correlation test (“test 3”). Figure 5 shows the gamma values under high antenna correlation.
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Figure 5: Gamma Values for high antenna correlation

From the figure we see that (2 is above 1.0 at all high SNR points. Therefore, introducing test 3 is another alternative solution that can prevent UE cheating.
2.6 Discussions
Whether we introduce the CQI bias or HARQ or not, it is seen that (1  value of around 1.2 is observed at 20dB. Therefore, “test 2” can be reliably defined with or without either CQI bias or HARQ. For test 2, we propose using 20dB and gamma_1=1.05. These are the same values that were used for Rel-8/9.
Proposal 1: For test 2, use SNR = Es/Noc2 = 20 dB and (1 =1.05. 

For the second test to prevent UE from cheating, it is seen that all the four approaches works well. Therefore, we could use one of the following
· Reuse test 1 of Rel-8/9, with MCS chosen based on CQI-1
· If this approach is adopted, propose SNR = Es/Noc2 = 0 dB and (2 = 1.05
· Reuse test 1 of Rel-8/9, with MCS chosen based on the best of {CQI-1, CQI, CQI+1}

· If this approach is adopted, propose SNR = Es/Noc2 = 0 dB and (2 = 1.01
· Reuse test 1 of Rel-8/9, with HARQ ReTx enabled

· If this approach is adopted, propose SNR = Es/Noc2 = 0 dB and (2 = 1.01
· Reuse test 3 of Rel-8/9

· If this approach is adopted, propose SNR = Es/Noc2 = 20 dB and (2 = 1.1
Among the above options we prefer either of the CQI bias approach, as it is a natural solution fundamentally addressing the inherent problem of the CQI mismatch, and therefore we expect it to be less dependent on particular implementation.
3 Conclusions
Proposal 1: For test 2, use SNR = Es/Noc2 = 20 dB and (1 =1.05. 
Proposal 2: Introduce a second test to prevent UE’s blindly reporting rank 2. ( value for the test should be strictly larger than 1.0 for the test to be effective against the cheating.
Proposal 3: For the second test, all the following four approaches work. Our preference is the first or the second approach wherein MCS is chosen based on CQI plus bias.
· Reuse test 1 of Rel-8/9, with MCS chosen based on CQI-1
· If this approach is adopted, propose SNR = Es/Noc2 = 0 dB and (2 = 1.05
· Reuse test 1 of Rel-8/9, with MCS chosen based on the best of {CQI-1, CQI, CQI+1}

· If this approach is adopted, propose SNR = Es/Noc2 = 0 dB and (2 = 1.01
· Reuse test 1 of Rel-8/9, with HARQ ReTx enabled

· If this approach is adopted, propose SNR = Es/Noc2 = 0 dB and (2 = 1.01
· Reuse test 3 of Rel-8/9

· If this approach is adopted, propose SNR = Es/Noc2 = 20 dB and (2 = 1.1
4 Appendix
4.1 Simulation assumptions

	Parameter
	Unit
	Test

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	3

	Downlink power allocation
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	dB
	-3
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	dB
	-3

	Propagation condition and antenna configuration
	
	2 x 2 EPA5 in serving and interfering cell

	Antenna correlation
	
	a) Low as baseline

b) High by interested companies 

	CodeBookSubsetRestriction bitmap
	
	[01 for fixed RI = 1

10 for fixed RI = 2

11 for UE reported RI]

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

	RLM/RRM measurement subframe pattern (serving cell)
	
	[10000000 10000000 10000000 10000000 10000000]

	CSI Subframe Sets (serving cell)
	CCSI,0
	
	Option 1: [11000100 11000000 11000000 11000000 11000000]

Option 2: [10000000 10000000 10000000 10000000 10000000]

	
	CCSI,1
	
	Option 1: [00111011 00111011 00111011 00111011 00111011]

Option 2: [01111111 01111111 01111111 01111111 01111111]

	ABS pattern (interfering cell)
	
	Option 1: [11000100 11000000 11000000 11000000 11000000]

Option 2: [10000000 10000000 10000000 10000000 10000000]

	Maximum number of HARQ transmissions
	
	a) 1 HARQ Tx as baseline

b) 4 HARQ Tx by interested companies

	MCS selection
	
	a) Based on reported CQI as baseline

b) Based in addition on CQI +/- 1 by interested companies 

	Reporting mode
	
	[PUCCH 1-0]

	PUCCH Report Type for wideband CQI
	
	[4]

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	[Npd= 10]

	CQI delay
	ms
	[8]

	Serving cell SNR measured at CRS (ES/Noc2)
	dB
	To be simulated from 0 dB to 20dB in 2 dB steps by interested companies

	Interference Settings
	dB
	EI/Noc1 = 10 dB, EI/Noc2 = 6 dB, Noc3/Noc2 = 3.2 dB
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