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1
Introduction
In RAN#66, a way forward is agreed for DL CoMP CSI tests in [1]:
· CQI test 

· 2 tests for both Type 7-0 and 7-1 UEs 

· Test case 1-A: One static CQI test to verify proper IMR usage according to IMR resources and IMR averaging pending the decision of IMR averaging discussion
· Test case 1-B: One fading CQI test to verify CSI reporting accuracy
· It is FFS to verify multiple CSI processing capability either in Test case 1-A or Test case 1-B
· Number of CSI processes configured in this test is according to UE handling capability
· PMI test 

· No PMI test will be introduced for DL CoMP CSI testing 

· RI test 

· RI test will be introduced for DL CoMP CSI testing
In this contribution, we analyze the purpose of RI test for DL CoMP and propose detailed test case design.
2 Analysis 
2.1 Overview for RI test under CoMP

New CSI process definition was introduced for TM10, a CSI process is a combination of a NZP CSI-RS resource (for channel part) and an interference measurement resource (IMR) (for interference part). Unlike Rel-8/9/10 UE use CRS or NZP CSI-RS resources to measure the interference levels for CSI computation, UE need to use specific resources which called IMR to estimate interference level for TM10. Similar as CQI test, it’s also important to verify RI reporting accuracy based on new CSI definition i.e. UE use proper resource, i.e. IMR to measure interference levels for RI computation.
Furthermore, a new concept of “RI-reference-process” concept was introduced in rel-11 for TM10. When a RI reference process is configured, the reported RI of the process will inherit from the RI reference process. Since only 7-1 UE support multiple CSI processes, verification of UE implementation on “RI-reference-process” is only applicable for 7-1 UE.
Based on analysis, we propose:

Proposal1: Introducing RI test under CoMP for such purpose:

· Reporting RI accuracy based on IMR

· UE implementation on “RI-reference-process” (only applicable for 7-1 UE)
2.2 RI test case design
In this section, test case design was analyzed to verify RI reporting accuracy and UE implementation on “RI-reference-process”. 
Firstly, in order to verify reporting accuracy, test parameters and test metric of TM9 RI test can be reused here, i.e. :

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 ≥ ;
Proposal2: Reusing test configuration and test metric for TM9 RI test to verify reporting RI accuracy.
Secondly, it is important to verify that IMR is correctly used for interference measurement, rather than CRS or NZP CSI-RS resource when calculating RI. 

Similar as proposal in [2] for static CQI test under CoMP, different interference levels are configured for different REs in order to verify UE is correctly using IMR for interference estimation as shown in Table 1.

1) UE is configured with one CSI process which including NZP CSI-RS resource 1 and ZP CSI resource IMR1.
2) In CSI subframe, interference level (i.e. noise floor level) on IMR1 (denoted as Noc) is set to lower than NZP CSI-RS resource 1 and other REs, which is denoted as Iot1.

3) In PDSCH subframe, interference level of data RE and DM-RS REs is same as IMR1, i.e. Iot2.

A interference TP can be configured to introduce the dynamic interference levels between different REs. For example, in CSI sub-frame interference is transmitted from interference TP except the REs occupied by IMR which is muted as ZP CSI-RS configuration. Then in PDSCH sub-frames, the interference TP is blanked. 
Based such configurations, an addition BLER requirement besides of relative throughput ratio requirement can be applied to verify UE using proper IMR resource to estimate RI.

Table 1: Interference level in different REs
	Iot Level
	NZP CSI-RS resource 1
	IMR1
	Other REs

	CSI Subframe
	Noc+PTP2
	Noc
	Noc+PTP2

	PDSCH Subframe
	N/A
	N/A
	Noc


Test case 2 with low antenna correlation and high SINR level in current TM9 RI test can be selected for TM10 RI test. 
For example, a test configuration was given in table2 below which major reusing test parameters and test metric for test 2 in table 9.2.5.1-1 of Ts 36.101.

· Test configurations:

· MIMO and antennas configuration: 2*2 EPA5Hz, Low (TP1) ; 2*2 EPA5Hz, High(TP2)
· TP configuration: 2 TP configured, TP1 as serving cell, TP2 as interference. SNRTP1 for TP1 fixed as 20dB, SNRTP2 for TP1 fixed as [20] dB (power equal to TP1)
· CSI process configuration: One NZP CSI-RS resource and IMR for TP1
· RI configuration: Fixed RI=1 and following RI
· Test metric:
· TP ratio: The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ ;
· BLER: when transmitting the transport format indicated by each reported CQI and Rank, BLER for the indicated transport formats shall be greater than or equal to [x]%
Based on above configurations, RI reporting accuracy can be verified by the throughput ratio requirement and proper IMR usage to estimate interference when calculating RI can be verified by BLER requirement.
Table2 Example for RI Test Configuration
	Parameter
	Unit
	Test 1

	
	
	Cell 1 (Target cell)
	Cell 2 (Inference)

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	10
	TBD

	Downlink power allocation
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	dB
	0
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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
	
	Antenna ports 15, 16

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS
	
	5/1

	CSI reference signal configuration
	
	6

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS
	
	5/1

	IMR periodicity and subframe offset
TCSI-RS / ∆CSI-RS
	
	5/1

	IMR reference signal configuration
	
	1

	Propagation condition and antenna configuration
	
	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
	High

	RI configuration
	
	Fixed RI=1 and follow RI
	N/A
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	dB
	20
	TBD

	Cell Id
	
	0
	1

	Number of control OFDM Symbols
	
	2
	2

	Maximum number of HARQ transmissions
	
	1

	Reporting mode
	
	PUCCH 1-0

	Physical channel for CQI reporting
	
	PUSCH

	PUCCH Report Type for CQI
	
	2

	Physical channel for RI reporting
	
	PUCCH Format 2

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	Npd = 5

	PMI and CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	6

	ri-ConfigurationInd
	
	1 


Proposal 3: Using dynamic interference levels between IMR and other REs to verify RI calculation based on IMR

Thirdly, in order to verify UE correct implementation “RI-reference-process” for 7-1 UE, one additional artificial CSI process can be configured besides CSI process 1 configured as described above.
For example, as shown in table 2, 2 CSI process are configured. CSI process1 as reference process consist with NZP CSI-RS resource 1 and IMR1 which assuming TP1 configured for PDSCH transmission and TP2 is blanked and CSI process 2 consist with NZP CSI-RS resource 2 and IMR2 which assuming TP2 configured for PDSCH transmission and TP transmit interference. 
Based on such configurations, for reference process (CSI process1), Rank2 should be reported with high probability by UE considering the transmission condition is high SINR level with 2*2 low correlation MIMO configuration. For CSI process 2, Rank1 will be calculated if UE don’t inherit the value from ‘reference-RI-Process’ correctly since the transmission condition is low SINR level (0dB) with 2*2 high correlation MIMO configuration.
Based such configurations, we can verify UE whether inheriting RI value from CSI process 1 for CSI process 2 by comparing reported RIs from UE.
Table3 CSI configuration for RI inheritance
	CSI process index
	CSI resource configuration
	TP configuration hypothesis for PDSCH transmission
	SINR [dB]

	
	Channel Part
	Interference Part
	TP1
	TP2
	

	1 (Reference Process)
	NZP CSI-RS 1
	IMR 1
	Desired Signal
	Blanking/Muting
	 20dB

	2 (Dependent CSI process)
	NZP CSI-RS 2
	IMR 2
	Interference
	Desired Signal
	 0dB


Proposal4: Adding artificial CSI process with different MIMO correlation for channel part and interference levels compared to reference-RI-process to verify UE implementation on RI inheritance.
3 Conclusion
In this contribution, we flirty analyze purpose of RI test for DL CoMP and propose:

Proposal1: Introducing RI test under CoMP for such purpose:

· Reporting RI accuracy based on IMR

· UE implementation on “RI-reference-process” (only applicable for 7-1 UE)
Then detailed test case design was proposed in section 2.2, as summarized below:

Proposal2: Reusing test configuration and test metric for TM9 RI test to verify reporting RI accuracy i.e. test 2 for TM9 can be selected as reference test case.

Proposal 3: Using dynamic interference levels between IMR and other REs to verify RI calculation based on IMR.
Proposal4: Adding artificial CSI process with different MIMO correlation for channel part and interference levels compared to reference-RI-process to verify UE implementation on RI inheritance.
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