3GPP TSG-RAN WG4 #62bis
R4-121444
March 26th – March 30th, 2012, Jeju, South Korea
Agenda item:
5.2.2.3
Source: 
Qualcomm Incorporated
Title: 
On RI reporting accuracy test case for TM3
Document for:
Discussion
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 and the decision whether a RI test should be introduced in Rel-10 is made in RAN4 #62bis.
In this contribution we analyze the RI test further, propose a test setup and provide first simulation results for TM3 RI reporting.
2. Discussion
In RAN4 #62 first discussions on RI tests for eICIC took place [1]. It was agreed that first the complexity of such a test should be investigated and the decision whether a RI test should be introduced in Rel-10 is made in RAN4 #62bis. 
In RAN4 #62 two contributions [2] and [3]on RI tests were submitted. Both contributions proposed to follow in the definition of the RI test for TM3 the RI test methodology already used in Rel-8/9 for TM4 as much as possible. Since Rel-8/9 RI framework is continuously re-used for eDL MIMO RI testing in Rel-10, we believe the Rel-8/9 approach can also be applied for eICIC RI tests. 

Proposal 1: If it is agreed to introduce an eICIC RI test in Rel-10, the framework should follow the Rel-8/9 RI reporting test case as much as possible.

We first look into the complexity of a RI test for TM3. We start the analysis by investigating the required changes to extend the Rel-8/9 test for TM4 to TM3. 
· The codebook subset restriction bitmap need to be changed since only two bits are available for TM3 with 2 Tx antennas according to TS 26.213. 
· In addition, the PUCCH1-1 reporting mode is not available for TM3. Reporting mode PUCCH1-0 need to be used instead. 
In order to better reflect the periodicity of the ABS patterns for FDD (8ms) and TDD (10ms) it seems reasonable to change the reporting periodicity from 5ms to 10ms (Npd = 10). Changing the reporting periodicity requires to change the CQI/PMI configuration index. 
· The CQI/PMI configuration index cqi-pmi-ConfigurationIndex should be changed to 7 for Npd = 10. 
Similarly to the existing Rel-8/9 RI test in order to avoid collisions between RI reports and HARQ-ACK, it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 should 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.
Observation 1: For the definition of a TM3 RI test based on the existing TM4 RI test the codebook subset restriction bitmap, the PUCCH reporting mode and the cqi-pmi-Configuration Index need to be changed. Based on this analysis, it seems feasible to introduce a TM3 RI test case with limited complexity and risk in Rel-10 time frame.

Based on this observation we propose to introduce a RI reporting test for TM3 in eICIC in Rel-10 time frame.

Proposal 2: It is proposed to introduce a RI reporting test for TM3 in eICIC in Rel-10 time frame.
Next, we look at what test cases should be defined for RI reporting. In Rel-8/9 three RI test cases are defined for TM4 with different metrics for performance evaluation.
1) Test 1 (TM4): 
Low SNR, low antenna correlation, (2 = follow RI throughput / fixed RI=2 throughput

2) Test 2 (TM4): 
High SNR, low antenna correlation, (1 = follow RI throughput / fixed RI=1 throughput

3) Test 3 (TM4): 
High SNR, high antenna correlation, (2 = follow RI throughput / fixed RI=2 throughput

In Rel-10 additional RI test cases for TM9 have been introduced with changes in the metric for Test 3.
1) Test 1 (TM9): 
Low SNR, low antenna correlation, (2 = follow RI throughput / fixed RI=2 throughput

2) Test 2 (TM9): 
High SNR, low antenna correlation, (1 = follow RI throughput / fixed RI=1 throughput

3) Test 3 (TM9): 
High SNR, high antenna correlation, (1 = follow RI throughput / fixed RI=1 throughput

After lengthy discussions during the eDL MIMO activities, it was decided that the new test metric (1 = follow RI throughput / fixed RI=1 throughput for Test 3 could be more meaningful in order to avoid penalizing advanced receivers. Given the length of these previous discussions and taking the time left for eICIC in Rel-10 into account, it is proposed not to introduce Test 3 in Rel-10 time frame for eICIC. This test could be left for further discussion in Rel-11.

Proposal 3: RI Test 3 (high SNR, high antenna correlation) should not be introduced for eICIC in Rel-10 time frame.

In [4] it has been shown that TM3 can offer performance gains at relatively high SNR. Hence, clearly a test case for RI reporting in high SNR should be introduced. 

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

Whether or not Test 1 in low SNR should be introduced as well, requires further discussion and considerations of possible deployment strategies. In case that no RI reporting test case at low SNR is available, rank adaptation can probably not be used in low SNR in a field deployment. Then either rank-1 mode of TM3 or a separate rank-1 transmission mode like TM2 needs to be applied in low SNR. 
If a rank adaptation test at high SNR only is introduced, the operator would need to define a threshold with TM3 rank adaptation being applied above this threshold and TM3 rank-1 or TM2 being applied below this threshold. This would require further lab testing, maybe field optimization and implementation effort in the infrastructure to support at least configurability of this parameter by OAM. Also additional RRC signaling is needed in field operation when the DL SNR crosses the SNR threshold.
In order to avoid such additional complexity in testing and network operation, it is proposed to introduce RI Test 1 (low SNR, low correlation) as well if the remaining time in RAN4 left for eICIC allows this.      

Proposal 5: RI Test 1 (low SNR, low correlation) should be introduced for eICIC in Rel-10 time frame as well if the time left for eICIC in RAN4 allows this.

Based on the complexity analysis above we believe that a RI reporting test case for TM3 can be introduced in Rel-10 time frame. In Table 1 in the appendix we summarize the parameters we propose for the RI reporting test case. 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 in line with the interference levels proposed in [5]. 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.
Based on this figure it seems that ES/Noc2 = 0 dB and ES/Noc2 = 20 dB could be chosen as SNR operation points for the TM3 test case.

Proposal 6: RI tests should be introduced at low SNR = ES/Noc2 = [0] dB and at high SNR = ES/Noc2 = [20] dB.
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Figure 1: Follow over Fixed RI Throughput for TM3

3. Conclusion 
In this contribution we analyzed the RI test further, propose a test setup and provide first simulation results for TM3 RI reporting. Analyzing the feasibility of a RI test for TM3, the following observations and proposals are made:

Proposal 1: If it is agreed to introduce an eICIC RI test in Rel-10, the framework should follow the Rel-8/9 RI reporting test case as much as possible.

Observation 1: For the definition of a TM3 RI test based on the existing TM4 RI test the codebook subset restriction bitmap, the PUCCH reporting mode and the cqi-pmi-ConfigurationIndex need to be changed. It seems feasible to introduce a TM3 RI test case with limited complexity and risk in Rel-10 time frame.

Proposal 2: It is proposed to introduce a RI reporting test for TM3 in eICIC in Rel-10 time frame.

Proposal 3: RI Test 3 (high SNR, high antenna correlation) should not be introduced for eICIC in Rel-10 time frame.
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 as well if the time left for eICIC in RAN4 allows this.

Proposal 6: RI tests should be introduced at low SNR = ES/Noc2 = [0] dB and at high SNR = ES/Noc2 = [20] dB.
We recommend to take these proposals and observations into account into the definition of a TM3 RI reporting test case for eICIC in Rel-10.

4. Appendix: 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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	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

	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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