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1
Introduction
DL CoMP CSI test discussion was initiated in RAN4#64bis and in RAN#65, where it was agreed to introduce a static CQI test to verify IMR usage by the UE. Specifically, the purpose of the static test is to verify proper UE behaviour when measuring interference using CSI-IM (IMR) in transmission mode 10. In this paper, we propose details of the static CQI test and present results gathered from our simulations based on the agreed framework document [1] and way forward document [2]. 
2
Test case design 
The purpose of the static test is to verify proper UE behaviour when measuring interference using CSI-IM in transmission mode 10. The static test should be designed such that a UE using other RS-based methods (such as CRS, NZP CSI-RS) fails the test. The test may be designed under a single CSI process while multiple CSI process capability is covered by fading CQI test cases. To account for CSI-RS transmissions we propose an adaptation of the TM9 static CQI test 36.101 PUCCH 1-1 (FDD) [3] to TM10. The general configuration is based on the latest framework document [1] and is as follows:

· Two TPs are configured under TM10 CoMP scenario 4, where TP1 is “main” and TP2 is “interference”.
· We slightly prefer transmitting CRS in both TPs to transmitting CRS from TP1 only as described in [1]. If only TP1 transmits CRS, UE can use CRS instead of CSI-RS to get correct estimate of signal power. Furthermore TP2 would need to implement “zero-power CRS” which is not defined in the spec. Without zero-power CRS, UE would get correct interference power from CRS as well. To avoid probable misinterpretation of the test case and additional implementation effort in test equipment, we prefer CRS and common control channels (PBCH, PCFICH/PDCCH) transmitting in an SFN manner in this test.
· TP1 SNR is fixed at 20 dB.
· For TP1 we use the static 4x2, and for TP2 the 2x2 static channels defined in Annex B.1 of [3].
· TP2 uses rank-2 precoding with PMI index 2 and TP1 uses rank-2 precoding with PMI index 8. 
· TP1 is configured with one NZP CSI-RS0 resource together with one CSI-IM0 resource. 
· TP2 is configured with one ZP CSI-RS0 resource to protect the NZP CSI-RS0 of TP1.

· The resource grid is shown in Fig. 1 and detailed parameters are provided in Table A.1 of Annex A.
· For test metrics, the reference CQI should satisfy the Rel-8/10 requirements of PUCCH 1-1 [3]:

1. The wideband CQI1 shall be within the set {median CQI1 -1, median CQI1 +1} for more than 90% of the time.
2. For both codewords #0 and #1, the PDSCH BLER using the transport format indicated by the respective median CQI0 – 1 and median CQI1 – 1 shall be less than or equal to 0.1.

3. For both codewords #0 and #1, the PDSCH BLER using the transport format indicated by the respective median CQI0 + 1 and median CQI1 + 1 shall be greater than or equal to 0.1.
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Fig 1: CSI static test - CSI process resource grid


3
Simulation results 
We conduct link level simulations to determine the testing SNR and reference CQI points. In addition to the general configuration explained above, we use the detailed parameters in Table A.1 of Annex A derived by modifying 36.101 PUCCH 1-1 (FDD) [3]. The test is conducted under a fixed PDSCH SNR = 20 dB. This leads to various SINR realizations at the UE with corresponding median CQI values. Table 1 tabulates our simulation results for different methods of CQI estimation at the UE.
· CQI from ideal SINR: UE has perfect knowledge of signal and interference+noise powers.
· CQI from CRS: UE estimates interference+noise power using CRS patterns. For scenario 4 [TP1 cell ID] = [TP2 cell ID], the power measurement in this case will higher because interfering CRS power is also counted as signal power. As a result, the UE will likely report larger CQI values. 
· CSI-IM: UE estimates interference+noise using CSI-IM0 measurement on the REs shown in Fig 1. 
Table 1: Simulation results - Median CQI vs. SINR
	SNR from TP1 (dB)
	20
	20
	20
	20
	20
	20
	20
	20
	20
	20
	20

	SNR from TP2 (dB)
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	
	Median CQI index

	CQI from ideal SINR
	12
	12
	11
	11
	11
	10
	10
	9
	9
	8
	8

	CQI from CSI-IM
	12
	12
	11
	11
	11
	10
	10
	9
	9
	8
	8

	CQI from CRS
	14
	14
	14
	14
	14
	14
	14
	14
	14
	14
	14

	
	Test 1
	
	
	
	
	
	
	
	Test 2


We select 4 SNR points from Table 1 to construct 2 test cases. Test 1 (SNR = 5, 6 dB) may be viewed as a test for low interference environments such as ones experienced by UEs in cell-centre, while test 2 (SNR = 14, 15 dB) may be viewed as a test for high interference environments such as UEs in cell range extension. Table 2 and 3 show the results. The outcomes of the tests verify the proper usage of CSI-IM at the UE for the static test. Moreover it’s also verified that test metrics and requirements of Rel 10 PUCCH 1-1 static test with CSI-RS can be reused. 
Regarding the reference measurement channels, Table A.4-1a in 36.101 can be modified for FDD. Note that the RS overhead in this setup is the same as that with 50 PRB, 2 CRS, 8 CSI-RS in CSI-RS subframes. Therefore Table A.4-3d in 36.101 can be reused for this test. However it’s better to introduce a new Table (Table A.4-3h in [4]) with a new title to have better clarity.
Proposal 1:

· Adopt the static CQI test for DL CoMP (TM10) using the parameter Table A.1 and the companion CR [4]
Proposal 2:

· Adopt the same test metrics and performance requirements of the Rel 10 PUCCH 1-1 static test with CSI-RS
Table 2: Static test results: CRS based measurement
	
	Test 1
	Test 2

	
	SNR from TP2 (interference TP) (dB)
	5
	6
	14
	15

	
	Reported median CQI1 index (from Table 1)
	14
	14
	14
	14

	
	BLER using median CQI1 and median CQI2 
	[1.0,1.0]
	[1.0,1.0]
	[1.0,1.0]
	[1.0,1.0]

	1
	Ratio of reported CQI1 in the range of [medianCQI1-1: medianCQI1+1]
	1.0
	1.0
	1.0
	1.0

	
	If requirement (>90%) is met
	YES
	YES
	YES
	YES

	2
	BLER using median CQI1-1 and median CQI2-1
	[0.7,0.7]
	[1.0,1.0]
	[1.0,1.0]
	[1.0,1.0]

	
	If requirement (<0.1) met
	NO
	NO
	NO
	NO

	3
	BLER using median CQI1+1 and median CQI2+1 
	[1.0,1.0]
	[1.0,1.0]
	[1.0,1.0]
	[1.0,1.0]

	
	If requirement (>0.1) met
	YES
	YES
	YES
	YES

	
	If test passed at SNR
	NO
	NO
	NO
	NO

	
	Test case passed?
	NO
	NO


Table 3: Static test results: CSI-IM based measurement
	
	Test 1
	Test 2

	
	SNR from TP2 (interference TP) (dB)
	5
	6
	14
	15

	
	Reported median CQI1 index (from Table 1)
	12
	12
	8
	8

	
	BLER using median CQI1 and median CQI2 
	[0,0]
	[0,0]
	[0,0]
	[0.2,0.2]

	1
	Ratio of reported CQI1 in the range of [medianCQI1-1: medianCQI1+1]
	1.0
	1.0
	1.0
	1.0

	
	If requirement (>90%) is met
	YES
	YES
	YES
	YES

	2
	BLER using median CQI1-1 and median CQI2-1
	[0,0]
	[0,0]
	[0,0]
	[0,0]

	
	If requirement (<0.1) met
	YES
	YES
	YES
	YES

	3
	BLER using median CQI1+1 and median CQI2+1 
	[0.7,0.7]
	[1.0,1.0]
	[1.0,1.0]
	[1.0,1.0]

	
	If requirement (>0.1) met
	YES
	YES
	YES
	YES

	
	If test passed at SNR
	YES
	YES
	YES
	YES

	
	Test case passed?
	YES
	YES


4
Conclusion

In this paper we designed the static CQI test case for DL CoMP using the agreed framework [1] and WF [2] of RAN4. We proposed:
Proposal 1:

· Adopt the static CQI test for DL CoMP (TM10) using the parameters Table A.1 and the companion CR [4].

Proposal 2:

· Adopt the same test metrics and performance requirements of the Rel 10 PUCCH 1-1 static test with CSI-RS
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Annex A

Simulation parameters 
                                 



                                    Table A.1: CQI static test (FDD parameters)
	Parameter
	Unit
	Test 1
	Test 2

	
	
	TP1
	TP2
	TP1
	TP2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	10

	Downlink power allocation (Note 1)
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	dB
	[0]
	[0]
	[0]
	[0]
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	dB
	[0]
	[0]
	[0]
	[0]

	
	Pc
	dB
	[-3]
	[-3]
	[-3]
	[-3]

	
	(
	dB
	[-3]
	N/A
	[-3]
	N/A

	Cell ID
	
	0
	0

	Cell-specific reference signals
	
	Antenna ports 0, 1
	Antenna ports 0, 1
	Antenna ports 0, 1
	Antenna ports 0, 1

	CSI reference signals
	
	Antenna ports 15,…,18
	N/A
	Antenna ports 15,…,18
	N/A

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

	CSI-RS configuration
	
	0
	N/A
	0
	N/A

	Zero-Power CSI-RS configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	N/A
	1 / 1000000000000000
	N/A
	1 / 1000000000000000

	CSI-IM configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 /

0010000000000000
	N/A
	1 /

0010000000000000
	N/A

	CSI process configuration

Signal/Interference/Reporting mode
	
	CSI-RS/CSI-IM/PUCCH 1-1
	CSI-RS/CSI-IM/PUCCH 1-1

	Propagation condition and antenna configuration
	
	Clause B.1 
(4 x 2)
	Clause B.1 
(2 x 2)
	Clause B.1 
(4 x 2)
	Clause B.1 
(2 x 2)

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0100 0000
	100000
	0x0000 0000 0100 0000
	100000

	SNR (Note 2) 
	dB
	20
	[5]
	[6]
	20
	[14]
	[15]

	
[image: image4.wmf])

(

ˆ

j

or

I


	dB[mW/15kHz]
	-78
	[-93]
	[-92]
	-78
	[-84]
	[-83]
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	dB[mW/15kHz]
	-98
	-98

	Modulation / Information bit payload
	
	(Note3)
	QPSK / 4392
	(Note3)
	QPSK / 4392

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

	Physical channel for CQI/PMI reporting
	
	PUSCH (Note4)
	N/A
	PUSCH (Note4)
	N/A

	PUCCH Report Type for CQI/PMI
	
	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

	CQI Delay
	ms
	8
	N/A
	8
	N/A

	cqi-pmi-ConfigurationIndex
	
	2
	N/A
	2
	N/A

	ri-ConfigIndex
	
	1
	N/A
	1
	N/A

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

	Timing offset between TPs
	us
	0
	0

	Frequency offset between TPs
	Hz
	0
	0

	Note1:
Reference measurement channel according to Table A.4-1c with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.
Note 2:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.

Note 3:     Table A.4-3b is used for non CSI-RS subframes. Table A.4-3d is used for CSI-RS subframes.

Note 4:     To avoid collisions between CQI/PMI 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#1 and #6 to allow periodic CQI/PMI to multiplex with the HARQ-ACK on PUSCH in uplink SF#0 and #5.
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