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1. Introduction
In RAN4 #62 first discussions on RI tests for eICIC took place [1]. It has been agreed as the way forward that focus in the upcoming meetings should be on the definition of the CQI test for eICIC. For the RI test it was agreed that first the complexity of such a test should be investigated. In RAN4 #62bis no further detailed discussion took place on RI tests [2].
In this contribution we share our view on a way forward with the RI test for eICIC.
2. Discussion
In RAN4 #62 first discussions on RI tests for eICIC took place [1]. It has been agreed as the way forward that focus in the upcoming meetings should be on the definition of the CQI test for eICIC. For the RI test it was agreed that first the complexity of such a test should be investigated. In RAN4 #62bis no further detailed discussion took place on RI tests [2].

In RAN4 #62 a demodulation test case for TM3 rank 2 was introduced both for MBSFN and non-MBSFN configurations [3]. The reason for introducing such a test was that many companies saw performance in their simulative analysis in case that UEs applying TM3 rank 2 are scheduled in ABS subframes when the SNR conditions in the serving cell are good. Sufficiently good SNR conditions for TM3 rank 2 are typically observed in the non-CRE region of the pico cell. On the other side, TM3 rank 2 does not provide gains and may even cause performance losses when TM3 rank 2 is applied in low SNR conditions. In low SNR conditions rank 1 transmission is more suitable, which requires then either TM2 or TM3 rank 1 transmission. Both TM2 and TM3 rank 1 are performance wise equivalent. 
In order to exploit the TM3 rank 2 gains in eICIC Rel-10 efficiently, fast adaptation between rank 2 and rank 1 transmission based on reported RI is required. If no RI test for eICIC is available in TS 36.101, it is not ensured that RI reporting for eICIC works properly. The existing Rel-10 RI test for TM4 does not provide sufficient information that RI reporting for TM3 in eICIC works as well, since the transmissions modes TM4 and TM3 are fundamentally different and the RI report for eICIC needs to be obtained from restricted CSI measurements, whereas TM4 RI reporting is based on unrestricted measurements.
In other words, without a separate eICIC RI reporting test for TM3, it is unlikely that the eICIC gains can be exploited in Rel-10. Therefore, we believe that it is necessary to introduce a RI reporting test case for TM3 in Rel-10 time frame.

Proposal 1: It is proposed to introduce a RI reporting test for TM3 in eICIC in Rel-10 time frame for ABS subframes.

According to the latest status report to the RAN plenary [4], it is expected that the work on the performance part of the eICIC WI is finished in June. This leaves only one RAN4 meeting to finalize the current work on demod and CQI reporting. Since it is unlikely that the work on the RI reporting test case can be finished as well in RAN4 #63, it is proposed to continue after June under TEI-11 similar to the work on eDL-MIMO and CA demod.

Proposal 2: After closing of the performance part of the eICIC WI in June, the Rel-10 work on RI reporting should continue under TEI-11.

In RAN4 #62bis we provided a detailed proposal of a RI test for TM3 [5]. In this contribution it was proposed how and for which scenarios RI reporting test cases should be introduced. These proposals are repeated here. From the existing RI test cases 1 – 3 in Rel-8/9, only the first two tests for low antenna correlation should be introduced.
Proposal 3: The test framework should follow the Rel-8/9 RI reporting test case as much as possible.

Proposal 4: RI Test 2 (high SNR, low correlation) should be introduced for eICIC in Rel-10 time frame.

Proposal 5: RI Test 1 (low SNR, low correlation) should be introduced for eICIC in Rel-10 time frame.
Next we present simulation results following the parameters settings proposed in [5]. For convenience, the simulation assumptions are repeated in the appendix, too. 

For these parameter settings we simulated the throughput of RI = 1, RI = 2 and follow RI over ES/Noc2 from -2 dB to 22 dB. no averaging in the receiver across subframe borders is applied. The interference model is chosen to be ES,I/Noc1 = 10 dB and ES,I/Noc2 = 6 dB. Figure 1 shows (1 follow RI / RI = 1 and (2 = follow RI / RI = 2 as a function of ES/Noc2. It is seen that the (-metric provides meaningful results that allow to re-use this metric also for TM3 in eICIC.
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Figure 1: Follow over Fixed RI Throughput for TM3

It also needs to be considered at which SNR points the RI test should be executed. The SNR values should reflect typical values taken from system level simulations. Figure 2 shows the scatter plot for Es/Noc and ES,I/Noc with Noc ( {Noc1, Noc2} assuming a bias of 6 dB. This plot is taken from [6].
Figure 2: Scatter Plots for Es/Noc and ES,I/Noc
It is seen that for a EI/Noc2 = 6 dB of  the dominant macro cell, the serving pico cell ES/Noc2 varies between 0 and 30 dB. The SNR test points should be chosen such that the low SNR test point reflects operation in the CRE region and the high SNR test point should provide suitable gains of TM3 over TM3. In [7], it was shown that TM3 offers gains in the order of 20% over TM2 at ES/Noc1 = 18.5 dB which corresponds to ES/Noc2 = 14.5 dB. Based on these considerations it seems that ES/Noc2 = 2 dB and ES/Noc2 = 16 dB could be chosen as SNR operation points for the RI test case.

Proposal 6: RI tests should be introduced at low SNR = ES/Noc2 = [2] dB and at high SNR = ES/Noc2 = [16] dB.
Finally, we look at the CQI mismatch in the RI test. In the discussion of eICIC CQI tests it has been outlined by several companies that the BLER criterion in ABS subframes is not a suitable test metric due to two effects that are not reflected in the CQI report. On the one side, the additional interference of the dominant macro cell is not captured in the CQI report in case of non-colliding CRS. This leads to a optimistic CQI report. On the other side, due to a higher noise level in CRS OFDM symbols #0, #4, #7 and #11 the CQI report tends to be conservative. Due to these opposite  effects the CQI report in ABS subframes may not be very reliable.
These opposite effects also impact the RI test. In the RI test, the MCS for fixed RI or follow RI is chosen based on the reported CQI. In case that the CQI is very unreliable, the throughput measurements and, hence, the (-values may be impacted. This is in particular true under the current assumption in the RI tests in TS 36.101 that HARQ retransmissions are not applied. Figure 3 shows the BLER of the first HARQ transmission of the first layer in case that rank selection follows the RI report. The figure shows that the BLER is not too far off from 10% as indicated by the CQI report.
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Figure 3: BLER of Layer 0 for follow RI
However, this may be due to the specific settings of the interference and the background noise. The impact of unreliable CQI in the RI test should be investigated further. An alternative to mitigate the impact of unreliable CQI may be to allow (non-adaptive) HARQ retransmissions in the RI test.
Proposal 7: The need for allowing HARQ retransmissions in the eICIC RI test should be studied further.
3. Conclusion 
In this contribution we provide further considerations of introducing an RI reporting test for non-MBSFN ABS. In particular, we make the following proposals:
Proposal 1: It is proposed to introduce a RI reporting test for TM3 in eICIC in Rel-10 time frame for ABS subframes.

Proposal 2: After closing of the performance part of the eICIC WI in June, the Rel-10 work on RI reporting should continue under TEI-11.
Proposal 3: The test framework should follow the Rel-8/9 RI reporting test case as much as possible.
Proposal 4: RI Test 2 (high SNR, low correlation) should be introduced for eICIC in Rel-10 time frame.

Proposal 5: RI Test 1 (low SNR, low correlation) should be introduced for eICIC in Rel-10 time frame.

Proposal 6: RI tests should be introduced at low SNR = ES/Noc2 = [2] dB and at high SNR = ES/Noc2 = [16] dB.

Proposal 7: The need for allowing HARQ retransmissions in the eICIC RI test should be studied further.
We suggest to take these proposals into account and introduce a RI reporting test case for eICIC in Rel-10. A companion CR to introduce a RI test in Rel-10 for FDD and TDD is provided in [8].

4. Parameters for RI Test Case (FDD)
Table 1 summarizes the required parameter changes for FDD to introduce a RI test applying TM3. Similar changes can be applied to TDD as well.
Table 1: Parameters for TM3 RI Reporting (FDD)
	Parameter
	Unit
	Test

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	3

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

	Antenna correlation
	
	Low

	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

	SNR
	dB
	TBD
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	dB[mW/15kHz]
	TBD

	RLM/RRM measurement subframe pattern (serving cell)
	
	[11000000]

	CSI Subframe Sets (serving cell)
	CCSI,0
	
	[11000000]

	
	CCSI,1
	
	[00001100]

	ABS pattern (interfering cell)
	
	[11000000]

	Maximum number of HARQ transmissions
	
	1

	Reporting mode
	
	PUCCH 1-0 (Note 4)

	Physical channel for CQI reporting
	
	 PUCCH Format 2

	PUCCH Report Type for wideband CQI
	
	4

	Physical channel for RI reporting
	
	PUSCH (Note 3)

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	Npd= 10

	CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	7

	ri-ConfigurationIndex
	
	1 (Note 4)

	Note 1: If the UE reports in an available uplink reporting instance at subframe SF#n based on PMI and CQI estimation at a downlink subframe not later than SF#(n-4), this reported PMI and wideband CQI cannot be applied at the eNB downlink before SF#(n+4).
Note 2: Reference measurement channel according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.

Note 3:
To avoid collisions between RI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#4 and #9 to allow periodic RI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#8 and #3.
Note 4:
To avoid the ambiguity of TE behaviour when applying CQI and PMI during rank switching, RI reports are to be applied at the TE with one subframe delay in addition to Note 1 to align with CQI and PMI reports.
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