3GPP TSG-RAN WG4 #63AH
R4-63AH-0014
June 26th – June 28th, 2012, Oulu, Finland
Agenda item:
3.2
Source: 
Qualcomm Incorporated
Title: 
On the RI test case for non-MBSFN ABS
Document for:
Discussion
1. Introduction
In RAN4 #63 the need for an RI test for eICIC was further discussed. Based on the opinion of several operators and other companies it was concluded in the chairman’s notes that such a test case is needed to ensure that rank adaption can be beneficially exploited in ABS subframes [1]. On the other side, concerns were raised that defining a meaningful RI reporting test case may be very difficult due to the CQI mismatch problem that exists in certain RF conditions in eICIC.
In this contribution we provide further consideration on the RI test case for eICIC and propose several approaches for the definition of such a test.
2. Discussion
In RAN4 #63 the need for an eICIC RI test for eICIC was further discussed. It was agreed in the chairman’s notes that such a test is needed for TM3 in ABS subframes in Rel-10 time frame in order to exploit the full benefits of eICIC [1]. On the other side, concerns were raised that defining a meaningful RI reporting test may not be possible due to the CQI mismatch problem in Rel-10 since no CRS cancellation can be assumed in this release.
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 may also impact the RI test. In this 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 test metric may be impacted.

In RAN4 #63 it has been expressed by several companies that the existing Rel-8/9 RI testing framework should be followed. We believe that RAN4 should adopt the existing methodology of RI testing as long as no deficiencies of this approach are demonstrated in relevant deployment scenarios.

Proposal 1: The existing Rel-8/9 RI testing framework should be reused if no deficiencies of this approach are found in relevant deployment scenarios for eICIC.

According to TS 36.101, the purpose of the RI reporting test is to verify that the reported rank accurately represent the channel rank. Looking at the definition of the CSI reporting modes in TS 36.213 shows that the reported PMI and CQI are conditioned on the reported RI. Hence, whether or whether not the reported RI represents the rank of the channel may be masked by inaccurate CQI reports. Inaccurate CQI reports may impact the measured throughput and the (-metric applied in the RI framework in the Rel-8/9 may not be a good indicator of the accuracy of the RI reports. Consequently, the RI test should be defined such that inaccurate CQI reports do not mask the RI reporting accuracy.

Observation 1: The RI test for eICIC should be defined such that inaccurate CQI reports do not mask the RI reporting accuracy.

According to this observation, it should first be investigated whether the inaccurate CQI report mask the RI reporting. In the Rel-8/9 RI test framework the assumption is that the MCS being selected based on the reported CQI corresponds to a BLER in the first HARQ transmission of roughly 10%. Hence, it can be said that the reported CQI does not mask the RI reporting accuracy if the average BLER is in the order of 10%. If the average BLER is lower than 10%, i.e. the CQI report is too pessimistic and the RI reports is not masked as well.
Observation 2: The CQI reporting does not mask the RI reporting accuracy if the average BLER of the first HARQ is in the order of 10% or lower. Too conservative CQI reporting does not mask the RI reporting.

In [4], simulation results for the BLER of the first HARQ transmission have been presented for TM3 in ABS subframes for the interference settings that are also applied for the TM3 demod test case, i.e. ES,I/Noc1 = 10 dB and ES,I/Noc2 = 6 dB. The result is repeated for convenience in Figure 1.
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Figure 1: BLER of Layer 0 for follow RI

It is seen from this figure that for those interference settings there is no mismatch in CQI reporting. According to Observation 2, the RI reporting is then not masked by inaccurate CQI reports. It is also illustrative to investigate for which UEs no RI masking by inaccurate CQI reports occurs. Figure 2 shows for 6 dB CRE bias and configuration 4b(4), which ES,I/Noc1 and Noc2/Noc1 the individual UEs experience. CRE UEs are declared at cell edge UEs if receiver macro power – received serving pico power ( 3 dB holds.
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Figure 2: Potential RI masking
The simulations in Figure 1 have shown that for ES,I/Noc1 = 10 dB and Noc2/Noc1 = 4 dB no RI masking by inaccurate CQI reports occur. Therefore, for lower ES,I/Noc1 and larger Noc2/Noc1 also no RI masking occurs since the CQI report becomes more conservative and consequently the BLER becomes lower. If both ES,I/Noc1 and Noc2/Noc1 increase or decrease linearly no RI masking is expected, since Noc1 impacts more resource elements of the PDSCH than ES,I. Above the straight line in Figure 2, RI masking may occur but needs to be investigated further by link level simulations.    
It is also seen from this figure that for a large amount of non-CRE UEs no RI masking due to inaccurate CQI reports is expected. This is in particular true for cell center UEs when Noc2/Noc1 ( 0 dB and ES,I/Noc1 < 0 dB. For such UEs, the RI test frame work of Rel-8/9 is directly applicable. Keeping in mind that the RI reporting test case targets UEs in non-CRE region being scheduled in ABS subframes, it can be concluded that the RI reporting test case is directly applicable for a large amount of UEs.
Observation 3: For a significant amount of UEs in the non-CRE region, no RI masking by CQI reporting inaccuracy occurs. The Rel-8/9 RI test frame work is directly applicable for those UEs.
For those UEs in Figure 1 in the region marked as ‘potential RI masking’, the inaccuracy of the CQI reports may be too large. For defining the RI test it should be discussed further whether the RI test set up also should provide test coverage for those interference conditions by ensuring that RI masking by inaccurate CQI reports is avoided. Alternatively, it could be argued that it is sufficient in Rel-10 if the RI test ensures test coverage for those interference conditions similar to the ones being used in the demod test. In a real world deployment it anyway needs to be left to the implementation of the link adaption how inaccurate CQI reports are handled.
Proposal 2: It should be discussed further whether it is sufficient in Rel-10 to define a RI test case for interference conditions where inaccurate CQI reporting does impact the RI test. This could be an option if re-using the Rel-8/9 test frame work is desired. 

If a RI test case shall be defined for a more general scenario, it needs to be ensured that inaccurate CQI reports to not impact the RI test case. This impact could be mitigated by including HARQ retransmissions in the RI test case. However, then inaccurate CQI reports still have some impact by the required number of HARQ retransmissions. 
Proposal 3: In order to make the RI test more robust against inaccurate CQI reports, it should be investigated further whether HARQ retransmissions should be taken into account. 
In the simulation results provided for the eICIC CQI tests it has been observed by several other companies that ES,I/Noc1 = 10 dB and Noc2/Noc1 = 4 dB does not cause issues for the BLER in ABS subframes. Hence, also no issues in a RI test should be expected based on the results provided so far. In order to investigate potential RI masking further, we propose to simulate RI reporting for TM3 based on the Rel-8/9 frame work for two additional interference levels w/ and w/o HARQ.

Proposal 4: We propose to simulate RI reporting for two additional interference levels w/ and w/o HARQ based on the assumptions provided in [4] and repeated in the appendix. The interference levels could be set to
a) ES,I/Noc1 = 12 dB and Noc2/Noc1 = 2 dB
b) ES,I/Noc1 = 4 dB and Noc2/Noc1 = 1 dB
3. Conclusion 
In this contribution we make the following proposals and observations:
Proposal 1: The existing Rel-8/9 RI testing framework should be reused if no deficiencies of this approach are found in relevant deployment scenarios for eICIC.
Observation 1: The RI test for eICIC should be defined such that inaccurate CQI reports do not mask the RI reporting accuracy.

Observation 2: The CQI reporting does not mask the RI reporting accuracy if the average BLER of the first HARQ is in the order of 10% or lower. Too conservative CQI reporting does not mask the RI reporting.

Observation 3: For a significant amount of UEs in the non-CRE region, no RI masking by CQI reporting inaccuracy occurs. The Rel-8/9 RI test frame work is directly applicable for those UEs.

Proposal 2: It should be discussed further whether it is sufficient in Rel-10 to define a RI test case for interference conditions where inaccurate CQI reporting does impact the RI test. This could be an option if re-using the Rel-8/9 test frame work is desired. 

Proposal 3: In order to make the RI test more robust against inaccurate CQI reports, it should be investigated further whether HARQ retransmissions shall be taken into account. 

Proposal 4: We propose to simulate RI reporting for two additional interference levels w/ and w/o HARQ based on the assumptions provided in [4] and repeated in the appendix. The interference levels could be set to

a) ES,I/Noc1 = 12 dB and Noc2/Noc1 = 2 dB
b) ES,I/Noc1 = 4 dB and Noc2/Noc1 = 1 dB
It is suggested to take this proposals and observations into account into the definition of the RI test case.
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4. Appendix

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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	dB
	-3
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	dB
	-3

	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

	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
	
	a) 1 HARQ Tx
b) 4 HARQ Tx

	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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