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1
Introduction 
In the RAN4#68 meeting, DL CoMP RI tests were discussed and some agreements were made and captured in WF [1]:

RI reporting tests

· 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

Test metric

· FFS Rel-10 testing methodology is reused for RI reporting accuracy testing

In this contribution, we provide our views on the CoMP RI test as well as some primary simulation results.
2
Simulation Setup and Results 
2.1. Simulation results using Rel-10 test setup
We first conduct the simulations of Rel-10 test with the modification that interference is now measured from IMRs. The results are shown in Table I.

TABLE I
Simulation Results of Rel-10 RI test with IMRs

	
	Test 1
	Test 2
	Test 3
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	N/A
	1.05
	0.9
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	1
	N/A
	N/A

	Simulation result
	1.57
	1.26
	0.99837


As observed from Table I, UE uses IMR to estimate the interference can easily pass the 3 tests. However, this does not imply that Rel-10 RI test is sufficient for Rel-11 CoMP RI test. There are two main reasons:
1. IMR was introduced for UEs to measure all uncoordinated and/or coordinated interference from other TPs. Considering the Rel-10 RI test, there is only single cell. If we simply introduce IMR in Rel-10 RI test, what is observed on those IMRs is merely white noise. Therefore, it is not guaranteed that a UE which passes Rel-10 RI test (even uses IMR on interference estimation) will work well under the conditions with real interference. As the results, we suggest to introduce an interference TP in CoMP RI test for more accurately capturing how RI is reported in real scenarios.
2. The 3rd test in Rel-10 RI test is to check whether UE can choose the correct rank under high spatial correlation channels. Such a spatial correlation is introduced from the channel part, .i.e., measured from CSI-RS. The spatial correlation in channel part has been tested in Rel-10 RI test, and what is focused in CoMP RI accuracy test is the interference part. As the results, we suggest that the 3rd test can be removed in CoMP RI test.

Proposal 1: Introduce an interference TP in CoMP RI accuracy test.

Proposal 2: Remove the high spatial correlation test in CoMP RI accuracy test.

2.2. Proposed RI accuracy test configuration

In this section we propose a CoMP RI test configuration. Test 1 is to check UE’s RI reporting accuracy under low SINR. Two TPs are configured:
· TP1 
· As the serving TP 
· Transmits desired PDSCH in subframes (SFs) 2, 3, 4, 7, 8 and 9

· Transmits with SNR 20 dB

· Configured with CSI-RS 0 for UE to estimate its channel part 

· Configured with IMR 0 for UE to estimate the interference from TP2

· 2x2 EPA low

· TP2

· As the interfering TP 
· Transmits interfering PDSCH in SFs 1, 2, 3, 4, 6, 7, 8 and 9

· Transmits with SNR 20 dB

· Configured with the same cell ID as TP1 to rule out UEs which estimate interference through CRS

· Configured with ZP-CSI-RS 0 to protect the CSI-RS from TP1

· 2x2 EPA low

UE is configured with a CSI-process with channel part measured from CSI-RS 0 and interference part measured from IMR 0. Thus the referenced SINR of CSI-process 0 is -0.0432 dB. Configured with this CSI-process, UE will tend to report RI=1. Thus, the ratio (
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) of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 can be adopted as the minimum performance requirement. Other details of the configuration are listed as Test 1 in Appendix A. This test is very similar to the Test 1 in Rel-10 RI test. What is difference is that the low SINR is obtained by introducing an interference, not by directly lower the transmit power of the desired TP.
For the second test, we can simply turn-off the PDSCH of TP2 (or lower the transmit power of TP2) in above test to check UE’s RI reporting accuracy at high SINR. When TP2’s PDSCH is turned off, the reference SINR observed at the same CSI-process becomes 20 dB. In this case, UE will tend to report RI=2. Thus, the ratio (
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) of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 can be adopted as the minimum performance requirement. Other details of the configuration are also listed as Test 2 in Appendix A. Note that we can still allow TP2 to transmit CRS but with different cell ID. In this way, UE will observe a strong interference on CRS. If a UE uses CRS for interference estimation, that UE will not pass this test. 
We conducted some primary simulations under proposed Test 1 and Test 2 in Appendix A, with results shown in Table II.

TABLE II

Simulation Results based on proposed Test 1 and Test 2
	
	Test 1
	Test 2
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	N/A
	[1.05]

	
[image: image6.wmf]2

g


	[1]
	N/A

	Simulation result
	1.275
	1.25


2.3.
Test on RI-reference process

For 7-1 UEs, an additional test is required to check UE’s RI reporting on an RI-dependent CSI-process when an RI-reference process is configured. This test requires 2 CSI-processes. One observes the interference from TP2 (like Test 1), and the other observes only white noise (like Test 2). One is the RI-dependent process and the other is the RI-reference process:
· TP1 

· As the serving TP 

· Transmits desired PDSCH in subframes (SFs) 2,3,4,7,8,9

· Transmits with SNR 20 dB

· Configured with CSI-RS 0 for UE to estimate the channel part 

· Configured with IMR 0 for UE to estimate white noise in CSI-process 0

· Configured with IMR 1 for UE to estimate the interference from TP2 in CSI-process 1

· 2x2 EPA low

· TP2

· As the interfering TP 

· Transmits interfering PDSCH in SFs 1,2,3,4,6,7,8,9

· Transmits with SNR 20 dB

· Configured with the same cell ID as 

· Configured with ZP-CSI-RS 0 to protect the CSI-RS from TP1 
· Configured with IMR 0 for UE to estimate white noise in CSI-process 0

· 2x2 [EPA] low

· CSI-process 0

· Channel part: CSI-RS 0

· Interference part: IMR 0

· Reference SINR = 20 dB => UE will tend to report RI=2 

· RI-reference CSI-process

· CSI-process 1

· Channel part: CSI-RS 0

· Interference part: IMR 1

· Reference SINR = -0.0432 dB => UE will tend to report RI=1

· RI-dependent CSI-process

· Adopted in scheduling PDSCH
When RI-reference process is not configured, UE will often report RI=2 for CSI-process 0 and RI=1 for CSI-process 1. When RI-reference process is configured, UE will also tend to report RI=2 for CSI-process 1. Thus, the ratio of the throughput obtained when transmitting based on UE reported RI without RI-reference process and that obtained when transmitting based on UE reported RI with RI-reference process can be adopted as the minimum performance requirement. We denote the minimum requirement as 
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. Other detail of the configuration is also listed as Test 3 in Appendix B.
We conducted some primary simulations under proposed Test 3 configurations in Appendix B with results provided in Table III.

TABLE III

Simulation Results based on proposed Test 3

	
	Test 3
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	N/A
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	TBD

	Simulation result
	1.12


4
Summary 
Our conclusions through the study are as follows. 
Proposal 1: Introduce an interference TP in CoMP RI accuracy test.

Proposal 2: Remove the high spatial correlation test in CoMP RI accuracy test.

We also suggest the test configurations for both CoMP RI accuracy test and RI-reference process test.
5
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Appendix A
	Parameter
	Unit
	 Test 1
	Test 2

	
	
	TP1       (Target cell)
	TP2   (Interference)
	TP1       (Target cell)
	TP2   (Interference)

	Bandwidth
	MHz
	10
	10

	PDSCH transmission mode
	
	10
	NA
	10
	NA

	Cell Id
	
	0
	[0]
	0
	[6]

	Downlink power allocation
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	dB
	0
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	dB
	0

	Cell-specific reference signals
	
	Antenna ports 0, 1

	Beamforming Model
	
	As specified in Section B.4.3

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

	SNR
	dB
	[20]
	[20]
	[20]
	[20]
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	dB[mW/15kHz]
	-98
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	dB[mW/15kHz]
	-78

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

	Antenna correlation
	
	Low

	NZP CSI-RS 0 
TCSI-RS / ∆CSI-RS
	
	5/1
	NA
	5/1
	NA

	NZP CSI-RS 0
 reference signal configuration 
	
	0
	NA
	0
	NA

	IMR 0 

TCSI-RS / ∆CSI-RS
	
	5/1
	NA
	5/1
	NA

	IMR 0 

reference signal configuration
	
	1
	NA
	1
	NA

	ZP CSI-RS 0 
ICSI-RS / ZeroPowerCSI-RS bitmap
	
	NA
	1/0X8000
	NA
	1/0X8000

	CSI process 0 configuration Signal/Interference/Reporting mode
	
	CSI-RS 0/

IMR 0/

PUCCH 1-1
	N/A
	CSI-RS 0/

IMR 0/

PUCCH 1-1
	N/A

	CodeBookSubsetRestriction bitmap
	
	010000 for 

fixed RI = 2,
010011 for UE

reported RI
	N/A
	000011 for

 fixed RI = 1,
010011 for UE

reported RI
	N/A

	PMI for PDSCH transmission
	
	Follow UE
	000001
	Follow UE
	N/A

	RI configuration
	
	Fixed RI=2 and follow RI
	1
	Fixed RI=1 and follow RI
	N/A

	Number of control OFDM Symbols
	
	2

	Maximum number of HARQ transmissions
	
	1
	N/A
	1
	N/A

	PUCCH Report Type for CQI
	
	2
	N/A
	2
	N/A

	PUCCH Report Type for RI
	
	3
	N/A
	3
	N/A

	Reporting periodicity 
	ms
	Npd = 5
	N/A
	Npd = 5
	N/A

	PMI and CQI delay
	ms
	8
	N/A
	8
	N/A

	cqi-pmi-ConfigurationIndex
	
	6
	N/A
	6
	N/A

	ri-ConfigurationInd
	
	1 
	N/A
	1 
	N/A

	sub-frames with PDSCH
	
	2,3,4,7,8,9
	1,2,3,4,
6,7,8,9
	2,3,4,7,8,9
	N/A

	Timing offset between 2TPs
	us
	0

	Frequency offset between 2TPs
	Hz
	0

	Simulation length
	ms
	15000


Appendix B

	Parameter
	Unit
	 Test 3

	
	
	TP1       
(Target cell)
	TP2   
(Interference)

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	10
	NA

	Cell Id
	
	0
	[0]

	Downlink power allocation
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	dB
	0
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	dB
	0

	Cell-specific reference signals
	
	Antenna ports 0, 1

	Beamforming Model
	
	As specified in Section B.4.3

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

	SNR
	dB
	[20]
	[20]
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	dB[mW/15kHz]
	-98
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	dB[mW/15kHz]
	-78

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

	Antenna correlation
	
	Low

	NZP CSI-RS 0 
TCSI-RS / ∆CSI-RS
	
	5/1
	NA

	NZP CSI-RS 0

 reference signal configuration 
	
	0
	NA

	IMR 0 

TCSI-RS / ∆CSI-RS
	
	5/1
	5/1

	IMR 0 

reference signal configuration
	
	1
	1

	IMR 1 

TCSI-RS / ∆CSI-RS
	
	5/1
	NA

	IMR 1 

reference signal configuration
	
	2
	NA

	ZP CSI-RS 0 
ICSI-RS / ZeroPowerCSI-RS bitmap
	
	NA
	1/0X8000

	CSI process 0 configuration Signal/Interference/Reporting mode
	
	CSI-RS 0/

IMR 0/

PUCCH 1-1
	N/A

	CSI process 1 configuration Signal/Interference/Reporting mode
	
	CSI-RS 0/

IMR 1/

PUCCH 1-1
	N/A

	CodeBookSubsetRestriction bitmap
	
	010011
	N/A

	PMI for PDSCH transmission
	
	Follow UE
	000001

	RI-reference process configuration
	
	Configured and not configured
	1

	Number of control OFDM Symbols
	
	2

	Maximum number of HARQ transmissions
	
	1
	N/A

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

	Timing offset between 2TPs
	us
	0

	Frequency offset between 2TPs
	Hz
	0

	Simulation length
	ms
	15000
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