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1. Introduction
In RAN4 #68, high level agreement was made regarding RI test cases for DL CoMP as captured in WF [1]. 

· Introduce two test cases for IMR based RI reporting
· For 7-0 UE: One test is introduced to test RI reporting accuracy 
· For 7-1 UE: One test is introduced to test RI reporting accuracy and “RI-reference-process”  implementation
· FFS Rel-10 testing methodology is reused for RI reporting accuracy testing
Several companies provided proposal for RI test case design [2][3][4][5] but was not discussed in the meeting due to limited time. In this contribution, we provide our view on RI test case design and initial simulation results to verify the test methodology.  
2. Test case design
2.1. Test coverage
For TM10, CSI process is defined as combination of NZP CSI-RS and IMR. UE should rely on NZP CSI-RS for channel estimation and on IMR for noise+interference estimation. Compared to TM9 CSI feedback, use of IMR for noise+interference measurement is the main change in TM10 CSI feedback. Also, the concept of RI reference process is introduced to dictate the rank of certain CSI process to follow that of reference RI process. Therefore, RI test for TM10 should be designed to verify following aspects of UE implementation. 
· Use of IMR for noise+interference measurement

· RI reporting accuracy of TM10 CSI feedback
· Proper implementation of RI reference process
2.2. Test setup
It is desirable to reuse TM9 RI test as much as possible to minimize the effort to define TM10 RI test. TM9 RI test is defined in terms of throughput gain of reported rank relative to fixed rank. 
a)
The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ ;

b)
The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 shall be ≥ ;
3 test cases are defined in TM9 RI test to verify RI reporting accuracy under different CINR and channel correlation. Since channel part of CSI feedback is same between TM9 and TM10, it would be redundant to duplicate all of 3 test cases in TM10. In order to minimize the test cases, we would like to propose to define one test case similar to test 2 in 9.5.2 of 36.101. 
Proposal 1. Define one RI test for TM10 similar to test 2 in 9.5.2 of 36.101.

It was agreed to define separate test cases for 7-0 and 7-1 UE. Considering that both test cases are targeted to verify RI reporting accuracy, it would be desirable to define a test setup applicable to both UE types. Among a few different proposals in RAN4 #68, we see that the proposal in [5] is most attractive and comprehensive in test setup detail. From CoMP configuration point of view, test setup in [5] is similar to that in CQI definition test except that PDSCH throughput is tested for the case where interfering TP is muted. Here’s a summary of test configuration. 
· 2 TP is configured in the test 
· TP1 is serving TP and transmitting PDSCH according to UE CSI feedback for CSI process 1. 

· TP2 is interfering TP. PDSCH is muted in PDSCH SF sets but enabled in CSI SF sets. 
· CSI process 1 is defined as CSI-RS for TP1 and IMR for muted TP2.
· TP1 channel is EPA5L and TP2 channel is EPA5H. 

· Both TP1 is TP2 signal power is 20dB above Noc. 
· For 7-1 UE, CSI process 2 is defined as CSI-RS for TP2 and IMR for interfering TP1. CSI process 1 is configured as RI reference process for CSI process 2. 

Figure 1 shows CSI-RS and ZP CSI-RS configuration in CSI SF. In PDSCH SF, TP1 transmits PDSCH and TP2 is PDSCH is blanked. Table 1 shows RI test configuration and it is obtained by modifying Table 2 in [5]. Note that low correlation channel is used for both TP1 and TP2 channel to avoid dependency on receiver algorithm when high correlation channel is used for interfering TP.
2.3. Test metric

For RI reporting accuracy, we can reuse as a test metric. On top of that, it might be required to check PDSCH BLER to verify UE is indeed using IMR for noise+interference estimation. For verification of RI reference process, it would be sufficient to check whether RI reporting for CSI process 2 is same as RI reporting for CSI process 1. 
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Figure 1. CSI-RS configuration in CSI SFs

Table 1. RI test configuration

	Parameter
	Unit
	 Test 1

	
	
	TP1       (Target cell)
	TP2   (Inference)

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	10
	NA

	Cell Id
	
	0
	6

	Downlink power allocation
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	dB
	0

	
	(
	dB
	0

	Cell-specific reference signals
	
	Antenna ports 0

	Beamforming Model
	
	As specified in Section B.4.3

	CSI reference signals [1]
	
	Antenna ports 15, 16
	NA

	NZP CSI-RS [1] periodicity and subframe offset 

TCSI-RS / ∆CSI-RS
	
	5/1
	NA

	NZP CSI-RS [1] reference signal configuration 
	
	0
	NA

	[IMR1] periodicity and subframe offset

TCSI-RS / ∆CSI-RS
	
	5/1
	NA

	[IMR1] reference signal configuration
	
	2
	NA

	CSI reference signals [2]
	
	NA
	Antenna ports 15, 16

	NZP CSI-RS [2] periodicity and subframe offset 

TCSI-RS / ∆CSI-RS
	
	NA
	5/1

	NZP CSI-RS [2] reference signal configuration 
	
	NA
	5

	[IMR2] periodicity and subframe offset

TCSI-RS / ∆CSI-RS
	
	NA
	5/1

	[IMR2] reference signal configuration
	
	NA
	6

	ZP CSI-RS [1] configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	NA
	1/0x2200

	ZP CSI-RS [2] configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	NA
	1/0x2000

	Propagation condition and antenna configuration
	
	2 x 2 EPA5
	2 x 2 EPA5

	CodeBookSubsetRestriction bitmap
	
	000011 for fixed RI = 1

010000 for fixed RI = 2

010011 for UE reported RI
	N/A


	Antenna correlation
	
	Low
	Low

	RI configuration
	
	Fixed RI=1 and follow RI
	N/A

	SNR
	dB
	0:1:20
	same as TP1 CINR
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	dB[mW/15kHz]
	-98
	-98
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	dB[mW/15kHz]
	-78
	-78

	Number of control OFDM Symbols
	
	3
	3

	Maximum number of HARQ transmissions
	
	1

	Reporting mode
	
	PUCCH 1-1

	Physical channel for CQI reporting
	
	PUSCH

	PUCCH Report Type for CQI
	
	2

	Physical channel for RI reporting
	
	TBD

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	Npd = 5

	PMI and CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	6

	ri-ConfigurationInd
	
	1 

	PDSCH scheduled sub-frames
	
	2,3,4,7,8,9
	1,6

	Timing offset between 2TPs
	us
	0

	Frequency offset between 2TPs
	Hz
	0


2.4. Simulation results

Simulation results for TM10 RI test for MMSE-MRC and MMSE-IRC receiver are shown in figure 2 and figure 3.  andare plotted in figure 2 and BLER for codebook restriction=0x13, i.e., rank adaptation case, is shown in Figure 3. For both MMSE-MRC and MMSE-IRC receiver, we can see that is 1 for whole CINR range and BLER is 0 for CINR>4dB if noise+interference are measured from CRS. This happens because rank 1 is selected because strong interference is observed on CRS and CQI is underestimated due to interference mismatch between CRS and DM-RS ports. If noise+interference are measured from IMR, noise+interference measured for CSI calculation would match with actual noise+interference on PDSCH. Thus, we can see and curve typically observed in RI test and non-zero BLER. 
Observation 1. At 20dB CINR, noise+interference measurement from CRS can be discriminated either by metric or BLER.

For CSI process 2, without RI reference process configuration, reported rank is always 1 for whole CINR range for both MMSE-MRC and MMSE-IRC receiver. On the other hand, reported rank is 2 most of time for CSI process 1 at 20dB CINR. Thus, we can easily check if rank in CSI process 2 is following RI reference process configuration.
Observation 2. Rank for CSI process 1 and CSI process 2 is different at 20dB CINR. 
Based on these observations, we propose following for TM10 RI test. 
Proposal 2. Reuse metric for TM10 RI test. 

Proposal 3. Don’t introduce additional BLER metric in RI test. 
Proposal 4. Verify proper implementation of RI reference process by comparing rank report for CSI process 1 and CSI process 2. 
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Figure 2. andfor TM10 RI test
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Figure 3. BLER for RI test
3. Conclusion 

In this contribution, we presented our proposal on TM10 RI test case design and initial simulation results. Our proposals are 
Proposal 1. Define one RI test for TM10 similar to test 2 in 9.5.2 of 36.101.

Proposal 2. Reuse metric for TM10 RI test. 

Proposal 3. Don’t introduce additional BLER metric in RI test. 

Proposal 4. Verify proper implementation of RI reference process by comparing rank report for CSI process 1 and CSI process 2. 

We would like to recommend considering our proposals in the defining TM10 RI test. 
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