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1. Introduction
As most of issues related to DL CoMP specification was finalized in RAN1 #71, RAN4 started discussion to define DL CoMP performance requirement in RAN4 #66.  For CoMP CSI test, there were high level agreements regarding key features to be verified in CSI test and test cases to verify them, which is captured in WF [1] as
· 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 propose detailed test case design for static CQI test and fading CQI test. 
2. CQI test in static channel
The purpose of CQI test in static channel is to verify that UE uses IMR for noise and interference measurement instead of CRS or CSI-RS. In order to verify use of proper IMR, we should set up a test configuration where noise and interference power observed on IMR is different from that measured on CRS or CSI-RS.
2.1. Test configuration for multiple CSI process UE
Figure 1 illustrates CSI-RS configuration in CSI measurement SF for multiple CSI process UE. TP1 is serving cell TP and TP2 is non-serving cell TP. Note that the configuration is CoMP scenario 4 and CRS is transmitted only from TP1. In measurement SF, it is assumed that both TP1 and TP2 are transmitting DM-RS PDSCH with fixed precoding. Assuming that Noc=-98dBm/kHz, Es1=-83dBm/kHz and Es2=-88dBm/kHz, ideal interference power that would be measured on different resources can be calculated as below. 
· On IMR1, both Noc and Es2 are observed. Thus, noise/interference power measured on IMR1 would be -87.586 dBm/kHz.
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Figure 1. Measurement subframe CSI-RS configuration for multiple CSI process UE

· On IMR2, both Noc and Es1 are observed. Thus, noise/interference power measured on IMR2 would be -82.865 dBm/kHz.

· On IMR3, only Noc is observed. Thus, noise/interference power measured on IMR3 would be -98 dBm/kHz.

· On CRS and CSI-RS, only Noc is observed as noise/interference. Thus, noise/interference power measured on those resources would be -98 dBm/kHz
Thus, if we define a CQI test wherein UE is configured to measure noise/interference from IMR1 or IMR2, we can verify if UE is using correct IMR for CSI calculation. Any UE measuring noise/interference from CRS, CSI-RS or wrong IMR would underestimate noise/interference power and fail the test. Table 1 shows 4 CSI processes that can be configured and expected CINR for each CSI process. We can see there is sufficient CINR separation between CSI processes. 
In the test, UE is configured to report CQI for 3 or 4 CSI processes according to declared CSI process capability. TE will transmit PDSCH from TP 1 with MCS that is determined according to reported CQI for CSI process 0. In PDSCH SF, TP2 will transmit TM9 PDSCH with fixed precoding to emulate the interference condition for CSI process 0. Reported CQI for all CSI processes and PDSCH BLER would be recorded during the test.  
Table 1. CSI process configuration for multiple CSI process UE
	CSI process
	NZP-CSI-RS
	IMR
	signal power (dBm/kHz)
	noise power (dBm/kHz)
	CINR (dB)

	0
	TP1
	IMR1
	-83.0
	-87.586
	4.586

	1
	TP1
	IMR3
	-83.0
	-98.0
	15.0

	2
	TP2
	IMR2
	-88.0
	-82.865
	-5.135

	3
	TP2
	IMR3
	-88.0
	-98.0
	10.0


2.2. Test configuration for single CSI process UE

Figure 2 illustrates CSI-RS configuration in CSI measurement SF for single CSI process UE. TP1 is serving cell TP and TP2 is non-serving cell TP. Note that the configuration is CoMP scenario 4 and CRS is transmitted only from TP1. In measurement SF, it is assumed that both TP1 and TP2 are transmitting DM-RS PDSCH with fixed precoding. Assuming that Noc=-98dBm/kHz, Es1=-83dBm/kHz and Es2=-88dBm/kHz, ideal interference power that would be measured on different resources can be calculated as below. 

· On IMR1, both Noc and Es2 are observed. Thus, noise/interference power measured on IMR1 would be -87.586 dBm/kHz.
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Figure 2. Measurement subframe CSI-RS configuration for single CSI process UE
· On CRS and CSI-RS, only Noc is observed as noise/interference. Thus, noise/interference power measured on those resources would be -98 dBm/kHz
Thus, if we define a CQI test wherein UE is configured to measure noise/interference from IMR1, we can verify if UE are using correct IMR for CSI calculation. Any UE measuring noise/interference from CRS or CSI-RS would underestimate noise/interference power and fail the test. Table 2 shows CSI process to be configured in the test and expected CINR. If UE measures noise/interference power from CRS or CSI-RS, measured CINR would be 15dB, which is much higher than correct CINR measurement from TP1 NZP-CSI-RS and IMR1. 
In the test, UE is configured to report CQI for one CSI process. TE will transmit PDSCH from TP 1 with MCS that is determined according to the reported CQI. In PDSCH SF, TP2 will transmit TM9 PDSCH with fixed precoding to emulate the interference condition. Reported CQI and PDSCH BLER would be recorded during the test. 
Table 2. CSI process configuration for single CSI process UE

	CSI process
	NZP-CSI-RS
	IMR
	signal power (dBm/kHz)
	noise power (dBm/kHz)
	CINR (dB)

	0
	TP1
	IMR1
	-83.0
	-87.586
	4.586


2.3. Test metric
Test metrics for existing CQI test in static channel can be summarized as
· Reported CQI value should be within [median CQI-1, median CQI+1] more than 90% of time, where median CQI is median value of all reported CQI. 

· If PDSCH BLER using transport format indicated by median CQI is less than or equal to 0.1, PDSCH BLER using transport formant indicated by median CQI+1 should be larger than 0.1. If PDSCH BLER using transport format indicated by median CQI is larger than 0.1, PDSCH BLER using transport formant indicated by median CQI-1 should be less than or equal to 0.1.
Basically, we can reuse same test metric for CoMP CQI test. For multiple CSI process UE, CQI distribution requirement should be applied to each configured CSI process. Furthermore, for multiple CSI process UE, we can also consider introducing CQI delta metric similar to what we introduced for CA CSI test [2]. With test configuration proposed in section 2.1, each CSI process will observe different CINR and thus different CQI will be reported. We can use CQI delta metric to verify that UE is indeed calculating CSI independently for each configured CSI process. 
Proposal 1: Introduce additional CQI delta metric to verify UE capability to handle multiple CSI process similar to CA CSI test. 
2.4. Test framework
Table 3 lists test parameters for DL CoMP CQI test in static channel based on above discussion. Please note that 
· 4x2 antenna configurations are proposed for both FDD and TDD since 8x2 test configuration with 2 TPs could be too complicated.
· For FDD, PDSCH is scheduled in every SF except for SF 0 and 5. CSI-RS is configured in SF 4 and 9.
· For TDD, PDSCH is scheduled in SF 3, 4, 8 and 9. CSI-RS is configured in SF 4 and 9. 
· For CSI report, PUSCH 3-1 is configured to allow multiplexing of multiple CSI reports in a SF. 
· In the test, PMI is fixed by codebook subset restriction. Thus, PMI selection aspect of CSI feedback is excluded from the test. 

Table 3. Test parameters for DL CoMP CQI test in static channel

	
	FDD
	TDD

	Transmission mode
	TM10
	TM10

	System bandwidth
	10MHz
	10MHz

	Cyclic prefix
	normal
	normal

	UDL configuration
	N/A
	2

	special SF configuration
	N/A
	4

	Number of TPs
	2
	2

	CRS transmission
	TP1 cell ID 0
TP2 cell ID 0no CRS transmission from TP2
	TP1 cell ID 0
TP2 cell ID 0

no CRS transmission from TP2

	Number of PDCCH symbols
	2
	2

	TP for PDSCH transmission
	TP1: PDSCH to be decoded
TP2: interference PDSCH
	TP1: PDSCH to be decoded

TP2: interference PDSCH

	antenna configuration
	4x2
	4x2

	propagation channel
	static channel defined in B.1 of 36.101 for both TP1 and TP2
	static channel defined in B.1 of 36.101 for both TP1 and TP2

	PDSCH allocation
	50 PRBs in SF  1, 2, 3, 4, 6, 7, 8, 9

No PDSCH in SF 0, 5
	50 PRBs in SF  3, 4, 8, 9
No PDSCH in all other SFs

	Max num HARQ transmission
	1
	1

	DM-RS/PDSCH precoding
	fixed PMI
	fixed PMI

	PDSCH rank
	TBD
	TBD

	CSI feedback configuration
	PUSCH 3-1 
	PUSCH 3-1 

	NZP-CSI-RS
	Number of CSI-RS ports: 4

TP 1 resource config: 4
TP 1 SF config: 4
TP 2 resource config: 9

TP 2 SF config: 4
	Number of CSI-RS ports: 4

TP 1 resource config: 4

TP 1 SF config: 4
TP 2 resource config: 9

TP 2 SF config: 4

	IMR
	IMR1 resource config: 1
IMR1 resource config: 2

IMR1 resource config: 3

IMRs SF config: 4
	IMR1 resource config: 1

IMR1 resource config: 2

IMR1 resource config: 3

IMRs SF config: 4

	TP2 transmission
	TM9 PDSCH with fixed precoding
	TM9 PDSCH with fixed precoding 

	Number of CRS ports
	2
	2

	precoding
	fixed
	fixed


3. CQI fading channel test
The purpose of CQI fading channel test is to verify CQI accuracy derived from CSI-RS and IMR. Since proper use of IMR and multiple CSI capability is already verified by CQI static channel test, we can focus on performance aspect of TM10 CQI in CQI fading channel test design. 
3.1. Test scenario and configuration
The only difference of CQI estimation in TM10 relative to TM9 CQI estimation is use of IMR for noise/interference estimation instead of CRS. Effect of CSI-RS based channel estimation on CSI feedback is already extensively tested by CQI, PMI and RI test for TM9. Thus, the focus here should be on noise/interference measurement from IMR. Existing CQI accuracy tests in fading channel all assume white noise/interference except for frequency selective interference test. For verification of interference measurement accuracy from IMR, frequency selective interference would be desirable. 
For CQI test in fading channel, we propose to use 2 TP setup shown in Figure 2 that was used for single process UE static CQI test. Here, TP1 is serving cell TP transmitting PDSCH to be decoded and TP2 is non-serving cell TP transmitting interfering cell. In existing CQI test in frequency selective fading channel, serving cell signal goes through two tap multi-path fading channel while AWGN is added to model aggregate interference. We propse to change the propagation channel setup so that serving cell signal to be decoded goes through static channel while interference signal goes through two tap multi-path fading channel. Figure 3 shows propgation channel setup for proposed test. Under this test configuration, subband CQI would have similar distrubution as existing CQI test in frequency selective fading channe and it will allow us to use same test metric summarized below without modification. 
· A subband differential CQI offset of 0 shall be reported at least 2% of the time but less than 40% for each subband
· the ratio of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S shall be ≥ 1.1
· when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS, the average BLER for the indicated transport formats shall be greater or equal to 0.05.
Proposal 2: Define CoMP CQI test in fading channel with CQI test in frequency selective fading channl as a reference. 
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Figure 3. Test configuration for CoMP CQI fading channel test
3.2. Test framework

Based on the discussion in section 3.1, we propose test framework listed in table 4 for CoMP CQI test in fading channel. Please note that
· static channel for desired signal is defined in  B.1 of 36.101 and two tap multipath fading channel for interfering signal is defined in B.2.4 of 36.101 with tauD=0.45us, a=1, fD=5Hz
· CSI reporting mode of PUSCH 3-1 is configured to report subband CQI. For 10MHz system bandwidth, subband size is 6. 
· 2x2 antenna configuration is used
· In the test, PMI is fixed by codebook subset restriction. Thus, PMI selection aspect of CSI feedback is excluded from the test. 

Table 2. Test parameters for DL CoMP CQI test in fading channel

	
	FDD
	TDD

	Transmission mode
	TM10
	TM10

	System bandwidth
	10MHz
	10MHz

	Cyclic prefix
	normal
	normal

	UDL configuration
	N/A
	2

	special SF configuration
	4
	4

	Number of TPs
	1
	1

	Cell ID
	0
	0

	Number of PDCCH symbols
	2
	2

	antenna configuration
	2x2
	2x2

	propagation channel
	static channel defined in B.1 of 36.101 for TP1
B.2.4 of 36.101, tauD=0.45us, a=1, fD=5Hz for TP2
	static channel defined in B.1 of 36.101 for TP1

B.2.4 of 36.101, tauD=0.45us, a=1, fD=5Hz for TP2

	PDSCH allocation
	6 PRB in SF 1, 2, 3, 4, 6, 7, 8, 9

no PDSCH in SF 0, 5
	6 PRB in SF  3, 4,  8, 9

no PDSCH in other SFs

	Max num HARQ transmission
	1
	1

	DM-RS/PDSCH precoding
	fixed PMI
	fixed PMI

	PDSCH rank
	1
	1

	CSI feedback configuration
	PUSCH 3-1
	PUSCH 3-1

	NZP-CSI-RS
	Number of CSI-RS ports: 2

resource config: 4

SF config: 4
	Number of CSI-RS ports: 2

resource config: 4

SF config: 4

	IMR
	IMR resource config: 1

IMR SF config: 4
	IMR resource config: 1

IMR SF config: 4

	Interference
	TM9 PDSCH with fixed precoding
	TM9 PDSCH with fixed precoding

	Number of CRS ports
	2
	2

	precoding
	fixed
	fixed


4. Conclusion 

 In this contribution, we provided detailed test case design for CoMP CSI test. Our proposals are 

Proposal 1: Introduce additional CQI delta metric to verify UE capability to handle multiple CSI process similar to CA CSI test. 

Proposal 2: Define CoMP CQI test in fading channel with CQI test in frequency selective fading channl as a reference.  

We recommend considering our proposals and test framework in the discussion to define DL CoMP CSI test. 
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