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1. Introduction
In RAN4 #67, RAN4 continued discussion to define DL CoMP CSI test case and the agreements from the discussion was captured in WF [1]. 
Static CQI test
· No timing and frequency offset in test setup
· Antenna configuration and channels:
· Target TP: 
· Option 1 4x2 with 
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  and fixed PMI
· Option 2 2x2 with 
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 and fixed PMI
· Interference TP: 2x2 with
·  Option 1: with fixed PMI 
·  Option 2: TM3 OCNG
· FFS power setting to be decided based on decision of IMR averaging
Fading CQI test
· CoMP scenario 3 with colliding CRS
· No timing and frequency offset in test setup
· Test metric
· Apply Rel-10 reporting accuracy metric on one selected CSI process and distribution metric on all configured CSI processes
· Introduce delta CQI requirement to verify UE reporting accuracy for configured CSI processes
· Companies are encouraged to provide simulation results with the simulation assumptions(R4-132652) in the next meeting 
RI test
Introduce RI test for the purpose of:

· UE implementation on “RI-reference-process” (only applicable for 7-1 UE)
· FFS Reporting RI accuracy based on IMR
 In this contribution, we provide further discussion on remaining issue on DL CoMP CSI test. 
2. CQI test in static channel
2.1. IMR averaging

One pending issue for static CQI test design is whether to include verification of IMR averaging. There has been intensive discussion on whether interference measurement on IMR should be restricted or not but RAN4 could not reach an agreement yet. We provide detailed analyses on this issue in companion paper [2] and proposed that we should revisit IMR averaging issue in Rel-12 while keeping current status of unrestricted averaging for Rel-11 UE. Thus, for static CSI test design, we propose not to consider interference averaging. 
Proposal 1: Configure constant interference power on IMR instances in static CQI test.
2.2. Antenna configuration for target TP
For target TP, 4x2 and 2x2 antenna configuration are on the table for down selection. For TM9, static CQI test was designed as dual CW CQI test with 4x2 antenna configuration based on following consideration.

· TM9 is more likely to be deployed for 4x2 antenna configuration than 2x2 antenna configuration.
· Number of CRS and CSI-RS antenna ports should be different to detect UE’s CSI feedback using CRS.
· If we have to choose one test out of single CW and dual CW tests, dual CW test is desirable since it has better test coverage.
In our view, these considerations are also true for TM10. 
Proposal 2: For target TP in static CQI test, use 4x2 antenna configurations, which is same as TM9 static CQI test.  
2.3. Interfering signal
For interference TP, it was agreed to use 2x2 antenna configuration with static channel defined in B.1 of 36.101. One remaining issue is whether we use rank 2 DM-RS PDSCH or TM3 OCNG as interfering signal. According to our analysis in [3], UE will observe effective channel 
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 and precoding matrix is
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. On the other hand, if TM3 OCNG is used, effective channel would be 
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. Thus, there is no difference in spatial structure of interference signal. Among these two options, we slightly prefer rank 2 DM-RS PDSCH as interfering signal it is more likely to happen that DM-RS PDSCH is interfered by DM-RS PDSCH in CoMP network. 
Proposal 3: For interference TP, use rank 2 DM-RS PDSCH as interfering signal in static CQI test. 
2.4. Static CQI test simulation
Simulation was run for static CQI test based on test parameters listed in table 1. Note that Es1/No=15dB and Es2/No=10dB in the simulation. We evaluated noise/interference measurement from IMR and CRS. CSI-RS and IMR configuration is illustrated in Figure 1. Table 2 shows simulation results in terms of CQI distribution and BLER. First, we can see that, when noise/interference is measured from IMR, CQI reflects true interference condition observed on PDSCH and thus median CQI meets BLER requirement. BLER at median CQI or median CQI-1 is 0% but BLER at median CQI+1 is 100%. On the other hand, when noise/interference is measured from CRS, it cannot capture interference from TP2 and thus CQI report is too high. BLER is 100% even at median CQI-1. From the simulation results, we can see that proper IMR usage can be verified by proposed test set up. 
Table 1. Test parameters for DL CoMP CQI test in static channel (FDD)
	
	TP1
	TP2

	Transmission mode
	TM10
	TM10

	System bandwidth
	10MHz
	10MHz

	Cyclic prefix
	normal
	normal

	cell ID
	0

	CRS transmission
	SFN transmission from TP1 and TP2

	CRS ports
	port 0, 1

	Number of PDCCH symbols
	3

	PDSCH transmission
	target PDSCH
	interference PDSCH

	antenna configuration
	4x2
	2x2

	propagation channel
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	Timing offset between TPs 
	0 us
	0 us

	Frequency offset between TPs
	0 Hz
	0 Hz

	Es/No
	15dB
	10dB

	PDSCH rank
	2
	2

	SF with PDSCH allocation
	1, 2, 3, 4, 6, 7, 8, 9
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9

	Codebook subset restriction
	0x0000000001000000
	0x20

	CSI feedback configuration
	PUCCH 1-1
	N/A

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

resource config: 0
SF config: 5/1
	N/A

	IMR
	IMR resource config: 1

IMR SF config: 5/1
	N/A

	ZP-CSI-RS
	N/A
	resource bitmap: 100000000000000
SF config: 5/1
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Figure 1. CSI-RS configuration for static CQI test
Table 2. Static CQI test simulation results
	intf meas
	CW 0
	CW 1

	
	mCQI +/-1 Prob
	mCQI
	BLER0 mCQI-1
	BLER0 mCQI
	BLER0 mCQI+1
	mCQI +/-1 Prob
	mCQI
	BLER0 mCQI-1
	BLER0 mCQI
	BLER0 mCQI+1

	IMR
	100 %
	8
	0 %
	0 %
	100 %
	100 %
	8
	0 %
	0 %
	100 %

	CRS
	100 %
	13
	100 %
	100 %
	100 %
	100 %
	13
	100 %
	100 %
	100 %


3. CQI fading channel test
The purpose of CQI fading channel test is to verify CQI accuracy measured from CSI-RS and IMR. It was also agreed UE’s multiple CSI process capability is verified in fading CQI test. 
3.1. Test configuration

Figure 2 depicts agreed fading CQI test configuration. TP1 is serving TP and transmits PDSCH to according to CSI feedback. TP2 is interfering TP and transmits fixed MCS interference PDSCH. Signal from TP1 is going through frequency non-selective fading channel and signal from TP2 is going through frequency selective fading channel. Table 3 lists test framework from [4]. 
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Figure 2. CSI-RS configuration in fading CQI test
Table 3. Simulation assumptions for CQI fading test
	parameter
	Unit
	Test 1

	
	
	Cell 1
	Cell 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	10
	TM10 OCNG

	Downlink power allocation
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	-83
	-88
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	dB[mW/15kHz]
	-98

	Propagation channel,

antenna configuration and correlation
	
	Option 1: EPA5 ULA High (4x2)

Option 2: EPA5 Low (4x2)


	Option 1: Clause B.2.4 with 
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Option 2: ETU5

ULA Low (2x2)

	Beamforming Model
	
	As specified in Section B.4.3

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals 0
	
	Antenna ports 15,…,18
	N/A

	CSI-RS 0 periodicity and subframe offset  TCSI-RS / ∆CSI-RS 
	
	5/1
	N/A

	CSI-RS 0 configuration
	
	0
	N/A

	CSI reference signals 1
	
	N/A
	Antenna ports 15,…,18

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

	CSI-RS 1 configuration
	
	N/A
	5

	Zero-power CSI-RS 0 configuration

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

	Zero-power CSI-RS 1 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 / 0000010000000000
	N/A

	IMR 0 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 /

0010000000000000
	1 /

0010000000000000

	IMR 1 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 /

0000001000000000
	N/A

	IMR 2 configuration

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

0100000000000000

	CSI process 0 configuration

Signal/Interference/Reporting mode
	
	CSI-RS 0/IMR 0/PUSCH 3-1

	CSI process 1 configuration

Signal/Interference/Reporting mode
	
	CSI-RS 1/IMR 0/PUCCH 1-1

	CSI process 2 configuration

Signal/Interference/Reporting mode
	
	CSI-RS 0/IMR 1/PUSCH 3-1

	CSI process 3 configuration

Signal/Interference/Reporting mode
	
	CSI-RS 1/IMR 2/PUSCH 3-1

	CSI process for PDSCH scheduling
	
	2

	Cell ID
	
	0
	6

	QCLed CSI-RS
	
	CSI-RS 0
	CSI-RS 1

	QCLed CRS
	
	Cell ID 0
	Cell ID 6

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0000 0001

	Reporting interval
	Ms
	5

	CQI delay
	Ms
	8

	 Sub-band size
	RB
	6 (full size)

(Note 5)

	Max number of HARQ transmissions
	
	1
	N/A

	Timing offset between TPs
	Us
	0

	Frequency offset between TPs
	Hz
	0

	Simulation length
	Ms
	10000

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink SF not later than SF#(n-4), this reported wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:   3 symbols allocated to PDCCH

Note 3:
PDSCH transmission is scheduled on subframe 2, 3, 4, 7, 8 and 9.

Note 4:
TM10 OCNG is transmitted on subframe 1 and 6 from both TP.

Note 5:
For these sub-bands which are not selected for PDSCH transmission, TM10 OCNG should be transmitted.


3.2. Propagation channel configuration and interference rank
In [3], we raised concern regarding beamforming direction alignment between TP1 and TP2 when high correlation channels are used in the test. When desired and interfering signal are received in same spatial direction, CQI estimation could be widely mismatched with PDSCH demodulation performance when UE is using MMSE-IRC receiver. As a solution to this problem, we proposed to use low correlation channel in the test. Another potential issue is rank of interference signal. When interference signal is rank 1, CQI estimation for MMSE-IRC receiver could be too optimistic. Simulation was run for different propagation channel and interference rank to evaluate the effect of spatial correlation of interference signal. Note that MMSE-IRC receiver was used in the simulation. 
Simulation results are summarized in Table 4. Firstly, we can observe that BLER is very high when interfering signal is propagated through high correlation channel. Interfering signal at the output of high correlation channel is rank 1 irrespective of interfering signal rank and is supposed to be well suppressed by MMSE-IRC combining. However, CQI alignment, which is usually derived under single cell condition, starts to deviate, which causes very high BLER in PDSCH demodulation. When interfering signal is going through low correlation channel but desired signal is going through high correlation channel, BLER is slightly lower than high corr/high corr case but still too high for fading CQI test. When both desired and interfering signal are going through low correlation channel, BLER is lower and larger throughput gain is observed. We also compared the effect of interference signal rank. In low corr/low corr propagation channel, rank 2 interference allows better CQI alignment and higher throughput gain. 
Proposal 4: Define CQI fading channel test in propagation channels with low spatial correlation. 

Proposal 5: Use rank 2 interference in CQI fading channel test. 
Table 4. Fading CQI test results with different propagation channel/interference rank combinations

	TP1 channel
	TP2 channel
	intf rank
	Med CQI
	BLER (%)
	varTput
	mCQITput
	gamma

	EPA5H
	B.2.4
	1
	5
	83.2
	0.0886
	0.0798
	1.11

	EPA5h
	ETU5L
	
	6
	63.3
	0.256
	0.206
	1.24

	EPA5L
	B.2.4
	
	10
	93.1
	0.0849
	0.173
	0.49

	EPA5L
	ETU5L
	
	9
	49
	0.649
	0.484
	1.34

	EPA5H
	B.2.4
	2
	5
	82.2
	0.0943
	0.08
	1.18

	EPA5h
	ETU5L
	
	5
	51.2
	0.292
	0.175
	1.67

	EPA5L
	B.2.4
	
	10
	93
	0.087
	0.182
	0.48

	EPA5L
	ETU5L
	
	8
	33.2
	0.747
	0.445
	1.68


3.2.1. CQI distribution for other CSI processes
For each CSI process, UE also needs to meet CQI distribution requirement. For CSI process with WB CQI feedback, it is required that CQI tail probability is larger than 20%. For CQI processes with SB CQI feedback, it is required that SB offset 0 probability is between 2% and 40% for each subband. Table 5 is a list of CSI processes for UE supporting 4 CSI processes. Note that PDSCH BLER test is run for only CSI process 2 and CQI distribution is verified for all CSI processes. 
Table 5 CSI processes for CQI test in fading channel
	CSI process
	NZP-CSI-RS
	IMR
	signal power (dBm/kHz)
	noise power (dBm/kHz)
	CINR (dB)
	CQI type

	0
	TP1
	IMR0
	-83.0
	-98.0
	15.0
	PUCCH 1-1

	1
	TP2
	IMR0
	-88.0
	-98.0
	10.0
	PUSCH 3-1

	2
	TP1
	IMR1
	-83.0
	-87.586
	4.586
	PUSCH 3-1

	3
	TP2
	IMR2
	-88.0
	-82.865
	-5.135
	PUSCH 3-1


Probability of WB CQI not falling within the set {median CQI-1, median CQI+1} for CSI process 0 is 22.7%, which is only slightly higher than 20% requirement. Also for SB CQI reporting, probability of SB offset 0 is very close to or higher than 40% as shown in table 6. This happens because we are using low correlation channel instead of high correlation channel in the simulation. CQI distribution exhibits less spread than in high correlation channel due to spatial diversity. Thus, we should change the CQI distribution requirement for both WB CQI and SB CQI test in CoMP CQI test in fading channel. 
Table 6. SB offset 0 probabilities

	CSI process
	SB 0
	SB 1
	SB 2
	SB 3
	SB 4
	SB 5
	SB 6
	SB 7

	1
	30.8
	33.3
	37.4
	33.2
	34.4
	37.3
	34.4
	30.9

	2
	28.7
	30.5
	30.9
	34.1
	40.8
	36.4
	31.1
	25.2

	3
	14.8
	22.6
	24.2
	23.3
	23.9
	24.2
	26.9
	22.3


Proposal 6 Modify the requirement on WB CQI tail probability and SB CQI offset 0 probability in consideration of reduced CQI spread in low correlation channel. 

3.2.2. WB CQI distribution

Figure 3 shows WB CQI distribution for 4 CSI processes configured for the tests. There is clear WB CQI separation between CSI process 0 and CSI process 2, which corresponds to the case of desired signal from TP1 and active or muted interference from TP2. Also, we can observe clear WB CQI separation between CSI process 1 and CSI process 3, which corresponds to the case of desired signal from TP2 and active or muted interference from TP1. We can also observe CQI separation between CSI process 2 and 3 due to difference in configured CINR but the separation is not as large as those observed between CQI process 0 and 2 or CQI process 1 and 3. 

Proposal 7: Define CQI delta metric between CSI process 0 and 2 and CSI process 1 and 3. FFS for CQI delta metric between CSI process 1 and 2. 
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Figure 3. CDF of WB CQI for different CSI processes
4. RI test

 It was agreed to introduce RI test to verify at least UE’s proper implementation of RI reference process. It is FFS whether to define RI accuracy test for TM10. In our view, 3 subtests in RI test constitute one test suite and are not separable into independent test. Thus, decision should be made on whether to duplicate the whole RI test suites or not. 
Comparing CSI feedback in TM9 and one CSI process of TM10, the only difference is interference measurement resource. In TM9, UE is supposed to measure interference from CRS while UE measures interference from IMR in TM10. Rank decision in UE CSI feedback is dependent on two factors, i.e., MIMO channel spatial correlation and CINR. Since MIMO channel is measured from CSI-RS, UE will have same measurement accuracy for channel part of CSI feedback. The only factor that could compromise UE’s rank decision is accuracy of CINR measured from IMR. For CINR accuracy in TM10, RAN4 already decided to introduce CQI test in static and fading channel. 
Proposal 8: For RI test, introduce only functionality test to verify UE’s implementation of RI reference process. 

4.1. RI reference process test

In RI reference process test, two CSI processes are configured for UE. Test can be defined in terms of throughput gain when UE is allowed to determine rank from its own CSI process relative to the case when UE is forced to follow the rank of RI reference process. We propose a test configuration based on CSI-RS configuration in figure 4. With Noc=-98dBm/15kHz, both TP1 and TP2 will be configured at -78dBm/kHz. 
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Figure 4. CSI-RS configuration for RI reference test
Table 6. CSI processes for RI reference process test

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

	0
	TP1
	IMR1
	-78.0
	-77.9568
	-0.0432

	1
	TP1
	IMR2
	-78.0
	-98.0
	20.0


Table 6 lists CSI processes to be configured in the test and expected CINRs. Table 7 lists test parameters for RI reference process test. It can be noted that

· Both TP1 and TP2 are configured with 2x2 antennas.

· Propagation channel for TP1 is EPA5L and propagation channel for TP2 is static channel defined in B.1 of 36.101.
· TP 1 transmits PDSCH according to CSI feedback for CSI process 0. PMI follows WB PMI of CSI process 0. CQI and RI also follow CSI feedback for CSI process 0. 
· TP2 transmits rank 2 interfering PDSCH with fixed PMI 2. 
· CSI process 0 reflects actual CQI observed on PDSCH with interfering PDSCH from TP2. 
· CSI process 1 reflects hypothetical CQI when interfering PDSCH from TP2 is muted.

· Codebook subset restriction is configured as 0x3F for both CSI process 0 and CSI process 1, which allows rank selection based on channel condition. 
· When RI reference process is not configured, RI feedback reflects RI selection based on actual channel condition for PDSCH. When CSI process 1 is configured as RI reference process for CSI process 0, RI feedback is based on hypothetical channel condition with muted PDSCH interference from TP2. 
· For CSI process 0, CINR is around 0dB and rank 1 will be selected most of time. 
· For CSI process 1, CINR is around 20dB and rank 2 will be selected most of time. 

· Throughput gain when UE is allowed to determine rank from its own CSI process relative to the case when UE is forced to follow the rank of RI reference process would be similar to in test 1 in 9.5.2.1 of 36.101
Proposal 9: For RI reference process test, adopt test configuration described in 4.1. 

Table 7. Test parameters for RI reference process test

	parameter
	Unit
	Test 1

	
	
	Cell 1
	Cell 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	10
	TM10 OCNG

	Downlink power allocation
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	-88
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	dB[mW/15kHz]
	-98

	Propagation channel,

antenna configuration and correlation
	
	EPA5 Low 
(2x2)
	ETU5 Low 
(2x2)

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals 0
	
	Antenna ports 15, 16
	N/A

	CSI-RS 0 periodicity and subframe offset  TCSI-RS / ∆CSI-RS 
	
	5/1
	N/A

	CSI-RS 0 configuration
	
	0
	N/A

	Zero-power CSI-RS 0 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	N/A
	1 / 0010000000000000

	Zero-power CSI-RS 1 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 / 1010000000000000
	N/A

	IMR 0 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 /6
	N/A

	IMR 1 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 /2
	N/A

	CSI process 0 configuration

Signal/Interference/Reporting mode
	
	CSI-RS 0/IMR 0/PUCCH 1-1
Codebook restriction = 0x3F

	CSI process 1 configuration

Signal/Interference/Reporting mode
	
	CSI-RS 0/IMR 1/PUCCH 1-1
Codebook restriction = 0x3F

	CSI process for PDSCH scheduling
	
	0

	Cell ID
	
	0
	0

	QCLed CSI-RS
	
	CSI-RS 0
	N/A

	QCLed CRS
	
	Cell ID 0
	Cell ID 0

	PMI
	
	WB PMI
	fixed PMI = 2

	RI
	
	Follow CSI process 0 
	2

	RI reference process
	
	Not configured / configured
	N/A

	Reporting interval
	Ms
	5

	CQI delay
	Ms
	8

	Max number of HARQ transmissions
	
	1
	N/A

	Timing offset between TPs
	Us
	0

	Frequency offset between TPs
	Hz
	0

	Simulation length
	Ms
	10000

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink SF not later than SF#(n-4), this reported wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:   3 symbols allocated to PDCCH

Note 3:
PDSCH transmission is scheduled on subframe 2, 3, 4, 7, 8 and 9.

Note 4:
TM10 OCNG is transmitted on subframe 1 and 6 from both TP.

Note 5:
For these sub-bands which are not selected for PDSCH transmission, TM10 OCNG should be transmitted.


5. Conclusion 

 In this contribution, we provided simulation results to verify the test set up and our proposal for remaining issues in CoMP CSI test. Based on our analyses and simulation, we proposed following. 
Proposal 1: Configure constant interference power on IMR instances in static CQI test.
Proposal 2: For serving TP in static CQI test, use 4x2 antenna configuration, which is same as TM9 static CQI test. 
Proposal 3: For interference TP, use rank 2 DM-RS PDSCH as interfering signal in static CQI test. 
Proposal 4: Define CQI fading channel test in propagation channels with low spatial correlation. 

Proposal 5: Use rank 2 interference in CQI fading channel test. 

Proposal 6 Modify the requirement on WB CQI tail probability and SB CQI offset 0 p in consideration of reduced CQI spread in low correlation channel. 

Proposal 7: Define CQI delta metric between CSI process 0 and 2 and CSI process 1 and 3. FFS for CQI delta metric between CSI process 2 and 3. 

Proposal 8: For RI test, introduce only functionality test to verify UE’s implementation of RI reference process. 

Proposal 9: For RI reference process test, adopt test configuration described in section 4.1. 

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