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Introduction
In RAN#68, a way forward is agreed for fading CQI test in [1]:
· TP and channel configurations:

· Option 1:

· TP 1: EPA 5(4x2) high correlation with fixed PMI  and rank 1 transmission 
· TP2: Clause B.2.4 (2x2) with fixed PMI and rank 1 transmission

· Option 2:

· TP1: EPA5  4x2 low correlation 

· CSI SF: fixed PMI 0 and rank 2 transmission

· PDSCH SF: fixed PMI 0 and rank 1 transmission
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and rank 2 transmission as interference signal

· Power setting: 3dB, 5dB (TP1/TP2) 

· TP1 SNR : 10:1:15 dB

In this contribution, simulation results were firstly supplied with different options of test set up. Then based on the simulation results, proposals were given regarding detailed test set up i.e. antenna configuration, CSI feedback mode, and SINR configuration.
2 Analysis 
2.1 Simulation assumption
CSI process configurations: Totally 4 CSI processes configured as showed in Table 1 below
Table1: CSI processes set up
	CSI process
	PDSCH Transmission Hypothesis
	CQI measurement
	CSI Feedback mode

	
	TP1
	TP2
	Channel Part
	Interference part
	Interference Source
	Estimated SINR
	

	0
	Desired Signal
	Blanking/Muting
	NZP CSI-RS 0
	IMR 0
	Noc
	PTP1/Noc
	PUSCH 1-1

	1
	Blanking/Muting
	Desired Signal
	NZP CSI-RS 1
	IMR 0
	Noc
	PTP2/Noc
	PUCCH 3-1

	2
	Desired Signal
	Interference
	NZP CSI-RS 0
	IMR 1
	PTP2+Noc
	PTP1/(Noc+PTP2)
	PUSCH 3-1

	3
	Interference
	Desired Signal
	NZP CSI-RS 1
	IMR 2
	　PTP1+Noc
	PTP2/(Noc+PTP1)
	PUSCH 3-1


Option 2 separate sub-frames to 2 sets: CSI sub-frames set and PDSCH sub-frames set. In CSI-frame, TP1 transmit rank2 OCNG, but for PDSCH sub-frames, TP1 is following UE reporting CQI with fixed rank1 PMI. For TP2 which as interference, fixed as rank2 transmission OCNG in both PDSCH sub-frames and CSI sub-frames. For CSI calculation, UE should always assume rank1 with fixed PMI for all CSI processes. It can be shorted summarized below:

· Interference TP always uses rank-2 on either CSI-SF or PDSCH-SF.
· UE always reports with rank-1 for CQI calculation
· CSI-process 2 is used for scheduling desire PDSCH, which is rank-1 according to UE’s report.
· No PDSCH is allocated according CSI-processes 0, 1, 3. 
Based on test set up, firstly test metrics of Rel-9/10 were evaluated based on feedback mode for each CSI process.
· PUCCH 1-1 (Wideband CQI) test metric for CSI process 0
a) CQI distribution: a CQI index not in the set {median CQI -1, median CQI +1}  shall be reported at least %  of the time;

· PUSCH 3-1(Frequency-selective CQI) test metric for CSI process 1, 2,3
a) CQI distribution: a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than  % for each sub-band;

b) Throughput Ratio: 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 ≥ ;

c) BLER: 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.
Throughput ration and BLER requirements were only applied for CSI process 2, and delta median wideband CQI between CSI processes were introduced to verify UE reporting accuracy for configured CSI processes.

2.2 Simulation results
Based on such simulation assumption above, total 4 scenarios were evaluated for all CSI processes with different combination of antenna configuration (option1 and option2) and power imbalance between TP1 and TP2 (3dB and 5 dB). Furthermore, in order to verify test set up and test metric is feasible to keep receiver agnostic, Rel-8/9 baseline receiver i.e. MMSE/MRC and advanced receiver i.e. MMSE-IRC were evaluated.
Throughput ratio and BLER for CSI proess2
Firstly, BLER and throughput ratio for CSI process 2 with different scenarios were summarized in table 2 and table 3 below for baseline receiver and advanced receiver separately.
Regarding antenna configuration, higher BLER was observed with high antenna correlation configuration compared to option2 with low antenna correlation configuration under MMSE receiver. Furthermore, higher BLER make the throughput gain unstable. However, for MMSE-IRC receiver, BLER performance has no obvious difference between high correlation and low correlation antenna configurations. 
In order to make test set up more robust, we propose:
Proposal1: Using antenna configuration option2 to resolve high BLER problem under high correlation.
Regarding throughput ratio, we observed that the throughput gain under MMSE-IRC receiver is smaller than under MMSE receiver for option2. Under low correlation even with rank2 interference, MMSE-IRC can partly eliminate interference which leads to less dynamic interference levels in frequency domain.
Proposal2: Keep receiver agonistic when defining accuracy requirements since different receiver type has different performance.
Table 2 BLER and TP ratio for CSI process2 with MMSE receiver
	SNRTP1 [dB]
	Antenna configuration: Option 1
	Antenna configuration: Option 2

	
	PTP1/PTP2 =5dB
	PTP1/PTP2 =3dB
	PTP1/PTP2 =5dB
	PTP1/PTP2 =3dB

	
	BLER
	TP ratio
	BLER
	TP ratio
	BLER
	TP ratio
	BLER
	TP ratio

	10
	0.66
	1.20
	0.64
	1.22
	0.23
	1.34
	0.24
	1.48

	11
	0.67
	1.15
	0.62
	1.21
	0.24
	1.33
	0.21
	1.51

	12
	0.68
	1.18
	0.61
	1.20
	0.25
	1.36
	0.20
	1.51

	13
	0.68
	1.16
	0.61
	1.17
	0.21
	1.33
	0.19
	1.61

	14
	0.70
	1.12
	0.61
	1.14
	0.25
	1.33
	0.20
	1.55

	15
	0.70
	1.03
	0.60
	1.07
	0.25
	1.34
	0.18
	1.38


Table 3 BLER and TP ratio for CSI process2 with MMSE-IRC receiver

	SNRTP1 [dB]
	Antenna configuration: Option 1
	Antenna configuration: Option 2

	
	PTP1/PTP2 =5dB
	PTP1/PTP2 =3dB
	PTP1/PTP2 =5dB
	PTP1/PTP2 =3dB

	
	BLER
	TP ratio
	BLER
	TP ratio
	BLER
	TP ratio
	BLER
	TP ratio

	10
	0.32
	1.62
	0.38
	1.66
	0.32
	1.24
	0.26
	1.29

	11
	0.22
	1.39
	0.35
	1.37
	0.36
	1.20
	0.27
	1.31

	12
	0.38
	1.46
	0.32
	1.52
	0.36
	1.23
	0.30
	1.30

	13
	0.31
	1.29
	0.36
	1.66
	0.38
	1.20
	0.32
	1.28

	14
	0.21
	1.29
	0.36
	1.35
	0.41
	1.19
	0.35
	1.23

	15
	0.38
	1.32
	0.26
	1.37
	0.42
	1.19
	0.37
	1.24


[image: image3.png]BLER/MMSE receiver

——PTP1/PTP2=5dB, Optionl PTP1/PTP2=3dB, Optionl

~——PTP1/PTP2=5dB, Option2 PTP1/PTP2=3dB, Option2

0.7
63— 0.6

88 0.6 68 0768

W 0.25

T 0.18

10 11 12 13 14 15




 [image: image4.png]TP ratio/ MMSE receiver

——PTP1/PTP2=5dB, Optionl PTP1/PTP2=3dB, Optionl

~——PTP1/PTP2=5dB, Option2

PTP1/PTP2=3dB, Option2

138
134

1.07
1.03

10 11 12 13 14 15





Figure 1: TP ratio and BLER vs. SNRTP1 with MMSE receiver
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Figure 2: TP ratio and BLER vs. SNRTP1 with advanced receiver

CQI Distribution

Secondly, median CQI and percentile (CQI index not in the set {median CQI -1, median CQI +1}) for CSI process 0 was given in table 4 below. 
The minimum and maximum values for CQI percentile across all sub-bands for CSI process 1 was given in table 5 below.
The minimum and maximum values for CQI percentile (a sub-band differential CQI offset level of 0) across all sub-band (sub-band 0~7) for CSI process 2 and 3 with different combinations of antenna configuration, power imbalance between TPs and different receiver types were given in 6.
Based on the simulation results, we observed that:

· Sub-band CQI distribution performance for CSI process 1, 2, 3 is consistent under different parameter configurations i.e. antenna correlation configuration, power imbalance between TPs, SNR points, and different receiver type.
· For all combinations of different parameters, the sub-band CQI percentile (a sub-band differential CQI offset level of 0) for CSI process 1, 2, 3 is within 10% ~36%.

· Wideband CQI percentile (CQI index not in the set {median CQI -1, median CQI +1}) for CSI process 0 is smaller than 20% under antenna configuration option1 when SNR over than 12 dB. The decreased reporting CQI spread is due to median CQI is close to highest CQI index under option1 with SINR over 12 dB.
Proposal 3: Defining CQI distribution performance requirements for wideband CQI and sub-band CQI 

· Wideband CQI distribution for CSI process 0: a CQI index not in the set {median CQI -1, median CQI +1} shall be reported at least [15]% of the time;

· Sub-band CQI distribution: a sub-band differential CQI offset level of 0 shall be reported at least [2]% of the time but less than [55]% for each sub-band;
Table 4: CQI Distribution for CSI process 0
	SNRTP1 [dB]
	Antenna: Option1
	Antenna:Option2

	
	Median CQI
	CQI Distribution
	Median CQI
	CQI Distribution

	10
	13
	0.34
	10
	0.30

	11
	13
	0.34
	11
	0.27

	12
	14
	0.23
	11
	0.29

	13
	14
	0.16
	12
	0.25

	14
	14
	0.18
	12
	0.29

	15
	15
	0.19
	13
	0.23


Table 5: CQI Distribution for CSI process 1
	SNRTP1 [dB]
	Antenna configuration: Option 1
	Antenna configuration: Option 2

	
	PTP1/PTP2 5 [dB]
	PTP1/PTP2 3 [dB]
	PTP1/PTP2 5 [dB]
	PTP1/PTP2 3 [dB]

	10
	0.10/0.15
	0.11/0.14
	0.12/0.18
	0.11/0.18

	11
	0.11/0.13
	0.11/0.14
	0.14/0.17
	0.10/0.18

	12
	0.11/0.14
	0.10/0.13
	0.13/0.16
	0.10/0.17

	13
	0.11/0.14
	0.11/0.13
	0.14/0.17
	0.11/0.15

	14
	0.11/0.13
	0.10/0.14
	0.12/0.17
	0.12/0.14

	15
	0.10/0.14
	0.11/0.15
	0.11/0.18
	0.10/0.16


Table 6: CQI Distribution for CSI process 2&3
	SNRTP1 [dB]
	Antenna configuration: Option 1
	Antenna configuration: Option 2

	
	CSI Process2/ PTP1/PTP2
	CSI Process3/ PTP1/PTP2
	CSI Process2/ PTP1/PTP2
	CSI Process3/ PTP1/PTP2

	
	5 [dB]
	3 [dB]
	5 [dB]
	3 [dB]
	5 [dB]
	3 [dB]
	5 [dB]
	3 [dB]

	                 MMSE/MRC receiver

	10
	0.18/0.25
	0.17/0.24
	0.18/0.20
	0.17/0.18
	0.27/0.36
	0.27/0.36
	0.18/0.20
	0.16/0.18

	11
	0.18/0.26
	0.17/0.24
	0.18/0.19
	0.16/0.18
	0.26/0.35
	0.28/0.34
	0.18/0.20
	0.15/0.17

	12
	0.17/0.24
	0.17/0.24
	0.17/0.20
	0.16/0.17
	0.25/0.34
	0.27/0.34
	0.17/0.19
	0.16/0.17

	13
	0.17/0.24
	0.16/0.24
	0.17/0.20
	0.15/0.17
	0.26/0.34
	0.27/0.33
	0.17/0.19
	0.15/0.17

	14
	0.17/0.25
	0.16/0.24
	0.17/0.19
	0.16/0.17
	0.26/0.33
	0.26/0.34
	0.17/0.20
	0.15/0.18

	15
	0.16/0.24
	0.16/0.24
	0.17/0.18
	0.15/0.17
	0.25/0.33
	0.26/0.34
	0.17/0.18
	0.14/0.17

	                  MMSE-IRC receiver

	10
	0.23/0.32
	0.22/0.35
	0.20/0.26
	0.19/0.26
	0.22/0.31
	0.22/0.31
	0.19/0.22
	0.16/0.22

	11
	0.23/0.34
	0.23/0.37
	0.19/0.25
	0.18/0.24
	0.20/0.31
	0.20/0.31
	0.19/0.22
	0.18/0.20

	12
	0.22/0.35
	0.23/0.36
	0.17/0.25
	0.16/0.25
	0.20/0.30
	0.20/0.30
	0.19/0.21
	0.17/0.21

	13
	0.23/0.33
	0.22/0.37
	0.19/0.25
	0.16/0.22
	0.20/0.28
	0.20/0.28
	0.18/0.20
	0.17/0.20

	14
	0.22/0.36
	0.24/0.37
	0.17/0.24
	0.17/0.24
	0.20/0.30
	0.19/0.30
	0.18/0.20
	0.17/0.21

	15
	0.23/0.37
	0.23/0.37
	0.15/0.24
	0.17/0.22
	0.20/0.30
	0.20/0.30
	0.18/0.20
	0.17/0.20


Delta Median CQI

Thirdly, figure 3 and figure 4 show median wideband CQI distribution with different SNRTP1 points for each scenario. Furthermore, minimum delta values of median CQI between CSI processes across all SNR points, and 2 receiver types were summarized in table 7 and table 8 for different power imbalance between TPs. 
Based on the simulation results, we observed that:

· The median CQI distributions were strongly depending different parameter configurations i.e. antenna correlation configuration, power imbalance between TPs, SNR points, and different receiver type.

· The difference values between CSI process 1 and CSI process 2 is small especially under 5dB power imbalance.
· Large difference between MMSE receiver and MMSE-IRC receiver were observed for median wideband CQI of CSI process 2 under antenna configuration option2 due to low correlation even with rank2 interference, MMSE-IRC can partly eliminate interference.
· Larger CQI separation between CSI processes with antenna configuration option 1 was observed compared to option2. Option 1 is more feasible to keep receiver agnostic compared to option2.
· With power imbalance PTP1/PTP2 = 5dB, larger CQI separation between CSI process 0 &1, 0 &3 observed compared to PTP1/PTP2 = 3dB.
Proposal 4: In order to keep receiver agonistic, setting power imbalance as 5dB, and only introduce delta CQI requirements between CSI process 3 and other CSI processes which always observed large separation i.e. CSI process 3 &0, CSI process 3 &1, CSI process 3&2.
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Figure 3: Median wideband CQI for all CSI processes with PTP1/PTP2 = 5dB
	[image: image11.png]16

14

12

10

Option1/3dB

CSlprocess 0

CSlprocess 1 CSl process 2 CSl process 3

E10dB
E11de
E12dB
E13dB
H14dB
E15dB





Median CQI distrbution with MMSE receiver
	[image: image12.png]16

14

12

10

Option1/3dB

CSlprocess 0

CSlprocess 1 CSl process 2 CSl process 3

E10dB
E11de
E12dB
E13dB
H14dB
E15dB





Median CQI distrbution with MMSE-IRC receiver

	[image: image13.png]14

12

10

Option2/3dB

CSlprocess 0

CSlprocess 1 CSl process 2 CSl process 3

®10dB
E11de
M12dB
®13dB
H14dB
M15dB





Median CQI distrbution with MMSE receiver
	[image: image14.png]14

12

10

Option2/3dB

CSlprocess 0

CSlprocess 1 CSl process 2 CSl process 3

®10dB
E11de
M12dB
®13dB
H14dB
M15dB





Median CQI distrbution with MMSE-IRC receiver


Figure 4: Median wideband CQI for all CSI processes with PTP1/PTP2 = 3dB
Table 7: Minimum delta values of median CQI between CSI processes with PTP1/PTP2 =5dB
	SNRTP1 [dB]
	Antenna configuration: Option 1
	Antenna configuration: Option 2

	
	CSI process 1
	CSI process 2
	CSI process 3
	CSI process 1
	CSI process 2
	CSI process 3

	CSI process 0
	4
9
	4
	9
	3
	1
	6

	CSI Process 1
	NA
9
	0
	5
	NA
8
	-2
	3

	CSI Process 2
	NA
10
	NA
	5
	NA
	NA
	4


Table 8: Minimum delta values of median CQI between CSI processes with PTP1/PTP2 =3dB
	SNRTP1 [dB]
	Antenna configuration: Option 1
	Antenna configuration: Option 2

	
	CSI process 1
	CSI process 2
	CSI process 3
	CSI process 1
	CSI process 2
	CSI process 3

	CSI process 0
	2
9
	4
	7
	2
	2
	5

	CSI Process 1
	NA
9
	1
	5
	NA
8
	0
	3

	CSI Process 2
	NA
10
	NA
	3
	NA
	NA
	3


2.3 Other issues

Other remained issues were further analyzed below besides test set up analyzed in last chapter.
CSI process sets for UE with different capability of maximum CSI processes

According to RAN1 agreement, the maximum configured CSI process number is UE capability with a list of {1, 3, and 4}. Current generic test framework was applicable for all CoMP UEs with different capability of CSI process number. Then in RAN5 tests, {1, 3, 4} CSI processes is configured based on UE capability. Regarding which CSI process should be included for UE which support 1 or 3 CSI processes, CSI process 2 should always be included since accuracy requirements only applied for this CSI process. For UE with capability of 3 CSI processes, CSI process 0 should also be included to cover both wideband and sub-band CQI feedback mode. Regarding CSI process 1 and 3, CSI process 3 is more feasible to introduce delta CQI requirements based on the observations in last chapter.
Based such analysis, such proposal given
Proposal 5: Introduce CSI process sets for different UE capability as below:
· CSI process 2 for UE with capability of 1
· CSI process 2,0,3 for UE with capability of 3

· CSI process 2,0,3,1 for UE with capability of 4

TDD test configuration
Current agreed test methodology was applicable for both FDD mode and TDD mode, and most of test configurations were irrespective of duplex mode. Based on the agreed test configuration and TM9 static CQI test, such detailed test configurations were proposed for TDD mode: 

Proposal 6: Proposed specific test configurations for TDD mode as summarized below:
· TP and channel configurations:

· TP1:  EPA5Hz(8x2) 
· TP2:  Clause B.2.4 (2x2)

· Uplink downlink configuration/ Special sub-frame configuration: 2/4 (Only schedule SF#3,4,8,9)

· NZP CSI-RS /ZP CSI-RS/IMR configuration: Revised sub-frame offset ∆CSI-RS/ ICSI-RS/ ICSI-RS as 3, to schedule on SF#3,8 for TDD

3 Conclusion
In this contribution, initial simulation results were firstly supplied with different options of test set up. Then based on the simulation results, proposals were given regarding detailed test set up:
Proposal1: Using antenna configuration option2 to resolve high BLER problem under high correlation.

Proposal2: Keep receiver agonistic when defining accuracy requirements since different receiver type has different performance.

· Proposal 3: Defining CQI distribution performance requirements for wideband CQI and sub-band CQI 

· Wideband CQI distribution for CSI process 0: a CQI index not in the set {median CQI -1, median CQI +1} shall be reported at least [15]% of the time;

· Sub-band CQI distribution: a sub-band differential CQI offset level of 0 shall be reported at least [2]% of the time but less than [55]% for each sub-band;
Proposal 4: In order to keep receiver agonistic, setting power imbalance as 5dB, and only introduce delta CQI requirements between CSI process 3 and other CSI processes which always observed large separation i.e. CSI process 3 &0, CSI process 3 &1, CSI process 3&2.
Proposal 5: Introduce CSI process sets for different UE capability as below:

· CSI process 2 for UE with capability of 1

· CSI process 2,0,3 for UE with capability of 3

· CSI process 2,0,3,1 for UE with capability of 4

Proposal 6: Proposed specific test configurations for TDD mode as summarized below:

· TP and channel configurations:

· TP1:  EPA5Hz(8x2) 
· TP2:  Clause B.2.4 (2x2)

· Uplink downlink configuration/ Special sub-frame configuration: 2/4 (Only schedule SF#3,4,8,9)

· NZP CSI-RS /ZP CSI-RS/IMR configuration: Revised sub-frame offset ∆CSI-RS/ ICSI-RS/ ICSI-RS as 3, to schedule on SF#3,8 for TDD
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