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1. Introduction
In RAN4 #68, further progress was made for test case design for CoMP CSI test and agreement was captured in WF [1] and test framework document [2]. Remaining issues for CoMP CSI test are
· CQI definition test
· Test point in terms of TP1 vs. TP2 power offset
· Whether we can reuse test metric for Rel-10 TM9 CQI definition test
· Fading CQI test
· Propagation channel and rank of TP2 signal

· Test point in terms of TP1 vs. TP2 power offset and TP1 SNR

· RI test

· Test configuration for RI test
In this contribution, we provide simulation results to determine remaining parameters for CQI test based on simulation assumptions in [2] and propose our recommendation on remaining parameters. RI test case design is address in companion paper [3]. 
2. CQI definition test
For CQI definition test, all test parameters are agreed except for test point and test metric. Test point should be defined in terms of power offset between TP1 and TP2 or equivalently TP2 CINR. Note that TP1 CINR is agreed to be fixed at 20dB. We provide simulation results for range of power offsets as specified in [1]. Simulation parameters from [2] are listed in table 1. CQI definition test for TM9 is defined in terms of CQI distribution and BLER requirement. 
· Wideband CQI of codeword #1 should be within the set {median CQI1-1, median CQI+1} for more than 90% of time
· For both codeword #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. Furthermore, for both codeword #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
Table 2 shows simulation results for CQI definition test. It can be observed that CQI distribution and BLER requirement can be met for all power offset. We would like to propose to define the same test metric as TM9 CQI definition test. 
Proposal 1. Define TM10 CQI definition test in terms of CQI distribution and BLER metric.
Proposal 2. Define test points at TP2 CINR of {6dB, 7dB} and {12dB, 13dB}. UE is supposed to meet the requirement at one of two adjacent test points. 

Table 1: Simulation assumptions for CQI definition test

	Parameters
	Unit
	Cell 1
	Cell 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	TM10
	TM10

	SNR
	dB
	20
	5:1:15
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	dB[mW/15kHz]
	-98

	Propagation channel and antenna configuration
	
	Clause B.1 (4x2)
	Clause B.1 (2x2)

	Timing offset between TPs
	us
	0

	Frequency offset between TPs
	Hz
	0

	Cell-specific reference signals
	
	Antenna ports 0,1
	N/A

	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

	Zero-power CSI-RS 0 configuration

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

	IMR 0 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 /

0010000000000000
	N/A

	CSI process 0 configuration

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

	Cell ID
	
	0
	0

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0100 0000
	100000

	Reporting interval
	ms
	5

	CQI delay
	ms
	8

	Max number of HARQ transmissions
	
	1
	N/A


Table 2. Static CQI test simulation results
	TP2 CINR (dB)
	CW 0
	CW 1

	
	mCQI Prob
	mCQI
	BLER mCQI-1
	BLER0 mCQI
	BLER0 mCQI+1
	mCQI Prob
	mCQI
	BLER0 mCQI-1
	BLER0 mCQI
	BLER0 mCQI+1

	5
	100 %
	13
	1.42 %
	99.8 %
	100 %
	100 %
	13
	1.43 %
	100 %
	100 %

	6
	100 %
	12
	0 %
	2.27 %
	100 %
	100 %
	12
	0 %
	2.21 %
	100 %

	7
	100 %
	12
	0.19 %
	4.07 %
	100 %
	100 %
	12
	0.19 %
	4.01 %
	100 %

	8
	100 %
	11
	0 %
	0.84 %
	71.8 %
	100 %
	11
	0 %
	0.85 %
	71.7 %

	9
	100 %
	11
	0 %
	2.22 %
	100 %
	100 %
	11
	0 %
	2.23 %
	100 %

	10
	100 %
	10
	0 %
	0.03 %
	31.2 %
	100 %
	10
	0 %
	0.03 %
	32.2 %

	11
	100 %
	10
	0 %
	1.12 %
	100 %
	100 %
	10
	0 %
	1.11 %
	100 %

	12
	100 %
	9
	0 %
	0 %
	24.3 %
	100 %
	9
	0 %
	0 %
	24.5 %

	13
	100 %
	9
	0 %
	0.03 %
	100 %
	100 %
	9
	0 %
	0.03 %
	100 %

	14
	100 %
	9
	0 %
	10.1%
	100 %
	100 %
	9
	0 %
	10.1%
	100 %

	15
	100 %
	8
	0 %
	0%
	97.9 %
	100 %
	8
	0 %
	0%
	97.7 %


3. Fading CQI test
For fading CQI test, we need to down select propagation channel and TP2 signal among two options identified in [1] and determine test point. Two options under investigations are
· Option 1:
· TP 1: EPA5 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
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PDSCH SF: fixed PMI 0 and rank 1 transmission
· TP2:                                 Clause B.2.4(2x2)
· Fixed                             and rank 2 transmission as interference signal
We need to define test in a way that same test metric and threshold can be applied for UE with different receiver implementation. In the simulation, we evaluated MMSE-MRC receiver (Rel-8 baseline receiver) and MMSE-IRC receiver (Rel-11 advanced receiver) to validate the test configuration. 
Table 3~6 shows PDSCH throughput metric w.r.t CSI process 2 for different combination of test configuration and UE receiver algorithm. It can be observed that
· For option 1, MMSE-MRC receiver shows significantly higher BLER than MMSE-IRC receiver. CQI is overestimated for MMSE-MRC receiver since CQI calculation assumes independent noise+interference on two Rx antennas, which is not true in option 1. In option 1, interference signal from TP2 is going through identical channel and thus exactly same interference is observed on two Rx antennas. 
· For option 2, BLER is higher for MMSE-IRC receiver than MMSE-MRC receiver. It’s like interference rejection combining based on noise+interference covariance matrix measured from DM-RS is not as accurate as that predicted from noise+interference covariance matrix measured from CRS. 
· BLER characteristic shows less variation depending on receiver algorithm for option 2 configuration than for option 1 configuration. 
· Throughput gain (gamma) is higher for option 2. 
Based on these observations, we would like to propose to select option 2 for fading CQI test configuration. 

Proposal 3. Select option 2 for fading CQI test configuration. 

Table 7 and 8 show median CQI for 4 CSI processes. For both option 1 and option 2, we can find a few test points where 4 CSI processes show clear separation in median CQI. However, in general, median CQI between CSI process 1 and CSI process 2 is very close and thus defining CQI delta metric among them looks quite challenging. Considering also UE-to-UE variation in CQI calculation, it will be very difficult to find a test point that can guarantee reliable CQI separation between CSI process 1 and 2. 
Proposal 4. Define CQI delta metric only between CQI process 0 and 2 and between CQI process 1 and 3. 

Table 9 shows CQI tail probability for CQI process 0. CQI tail probability for option 1 is low since median CQI is 12 or above and thus there is smaller room for CQI spread. If median CQI is lower, we would have observed larger CQI tail probability. For option 2, CQI tail probability is slightly higher than 20%, which is not sufficient to meet 20% threshold for TM9 fading CQI test. Smaller CQI spread is observed in option 2 since we are using low correlation channel for TP1. In low correlation channel, spatial diversity tends to reduce fading fluctuation and thus CQI spread. 

Proposal 5. Reduce threshold for CQI tail probability for CSI process 0 in consideration of reduced CQI spread in low correlation channel. 
Table 3. PDSCH throughput test result for option 1 + MMSE-MRC receiver
	TP1/TP2 (dB)
	TP1 CINR (dB)
	median CQI
	BLER (%)
	tput_follow
	tput_fixed
	gamma

	3
	10
	8
	43.1
	0.592
	0.329
	1.799392

	
	11
	8
	43.2
	0.6
	0.339
	1.769912

	
	12
	8
	44.3
	0.595
	0.347
	1.714697

	
	13
	8
	44.8
	0.598
	0.351
	1.703704

	
	14
	8
	45.3
	0.599
	0.359
	1.668524

	
	15
	8
	45.8
	0.597
	0.362
	1.649171

	5
	10
	9
	42.6
	0.669
	0.37
	1.808108

	
	11
	9
	43
	0.677
	0.383
	1.767624

	
	12
	9
	43.8
	0.678
	0.397
	1.707809

	
	13
	9
	43.5
	0.69
	0.405
	1.703704

	
	14
	9
	43.8
	0.692
	0.413
	1.675545

	
	15
	9
	44.6
	0.689
	0.42
	1.640476


Table 4. PDSCH throughput test result for option 1 + MMSE-IRC receiver

	TP1/TP2 (dB)
	TP1 CINR (dB)
	median CQI
	BLER (%)
	tput_follow
	tput_fixed
	gamma

	3
	10
	8
	22.8
	0.812
	0.509
	1.595285

	
	11
	9
	25.4
	0.819
	0.507
	1.615385

	
	12
	9
	27.1
	0.833
	0.563
	1.479574

	
	13
	9
	30.2
	0.837
	0.615
	1.360976

	
	14
	9
	34.5
	0.819
	0.659
	1.242792

	
	15
	9
	40.2
	0.776
	0.702
	1.105413

	5
	10
	9
	22.2
	0.888
	0.547
	1.6234

	
	11
	9
	21.6
	0.927
	0.602
	1.539867

	
	12
	9
	22.3
	0.952
	0.648
	1.469136

	
	13
	9
	24.3
	0.964
	0.688
	1.401163

	
	14
	9
	26.6
	0.977
	0.726
	1.34573

	
	15
	10
	30.5
	0.963
	0.767
	1.255541


Table 5. PDSCH throughput test result for option 2 + MMSE-MRC receiver

	TP1/TP2 (dB)
	TP1 CINR (dB)
	median CQI
	BLER (%)
	tput_follow
	tput_fixed
	gamma

	3
	10
	6
	20.2
	0.577
	0.307
	1.879479

	
	11
	6
	20
	0.597
	0.313
	1.907348

	
	12
	6
	19.8
	0.614
	0.318
	1.930818

	
	13
	7
	19.4
	0.63
	0.332
	1.89759

	
	14
	7
	19
	0.646
	0.339
	1.905605

	
	15
	7
	19.5
	0.653
	0.345
	1.892754

	5
	10
	7
	17
	0.673
	0.374
	1.799465

	
	11
	7
	15.9
	0.706
	0.388
	1.819588

	
	12
	7
	16.5
	0.725
	0.4
	1.8125

	
	13
	7
	15.8
	0.753
	0.41
	1.836585

	
	14
	7
	15.6
	0.77
	0.416
	1.850962

	
	15
	8
	15.7
	0.783
	0.438
	1.787671


Table 6. PDSCH throughput test result for option 2 + MMSE-IRC receiver

	TP1/TP2 (dB)
	TP1 CINR (dB)
	median CQI
	BLER (%)
	tput_follow
	tput_fixed
	gamma

	3
	10
	6
	29.7
	0.523
	0.3
	1.743333

	
	11
	6
	28.2
	0.551
	0.307
	1.794788

	
	12
	7
	28.1
	0.566
	0.317
	1.785489

	
	13
	7
	25.9
	0.597
	0.326
	1.831288

	
	14
	7
	25.6
	0.61
	0.333
	1.831832

	
	15
	7
	25.5
	0.623
	0.339
	1.837758

	5
	10
	7
	24.1
	0.634
	0.363
	1.746556

	
	11
	7
	24.6
	0.653
	0.378
	1.727513

	
	12
	7
	22.8
	0.69
	0.392
	1.760204

	
	13
	8
	22.6
	0.707
	0.402
	1.758706

	
	14
	8
	22.2
	0.723
	0.415
	1.742169

	
	15
	8
	22.6
	0.735
	0.426
	1.725352


Table 7.Median CQI for option 1 test configuration

	
	
	CSI process (MMSE-MRC)
	CSI process (MMSE-IRC)

	TP1/TP2
	TP1CINR
	0
	1
	2
	3
	0
	1
	2
	3

	3dB
	10 dB
	12
	8
	8
	4
	12
	8
	8
	4

	
	11 dB
	12
	8
	8
	4
	12
	8
	9
	4

	
	12 dB
	13
	8
	8
	4
	13
	8
	9
	4

	
	13 dB
	13
	9
	8
	4
	13
	9
	9
	5

	
	14 dB
	13
	9
	8
	4
	13
	9
	9
	5

	
	15 dB
	14
	9
	8
	4
	14
	9
	9
	5

	5dB
	10 dB
	12
	7
	9
	3
	12
	7
	9
	3

	
	11 dB
	12
	7
	9
	3
	12
	7
	9
	3

	
	12 dB
	13
	8
	9
	3
	13
	8
	9
	4

	
	13 dB
	13
	8
	9
	3
	13
	8
	9
	4

	
	14 dB
	13
	8
	9
	3
	13
	8
	9
	4

	
	15 dB
	14
	9
	9
	3
	14
	8
	10
	4


Table 8.Median CQI for option 2 test configuration

	
	
	CSI process (MMSE-MRC)
	CSI process (MMSE-IRC)

	TP1/TP2
	TP1CINR
	0
	1
	2
	3
	0
	1
	2
	3

	3dB
	10 dB
	9
	8
	6
	4
	9
	8
	6
	5

	
	11 dB
	9
	8
	6
	4
	9
	8
	6
	5

	
	12 dB
	10
	8
	6
	4
	10
	9
	7
	5

	
	13 dB
	10
	9
	7
	4
	11
	9
	7
	5

	
	14 dB
	11
	9
	7
	4
	11
	9
	7
	5

	
	15 dB
	11
	9
	7
	4
	11
	9
	7
	5

	5dB
	10 dB
	9
	7
	7
	3
	9
	7
	7
	4

	
	11 dB
	9
	7
	7
	3
	9
	7
	7
	4

	
	12 dB
	10
	8
	7
	4
	10
	8
	7
	5

	
	13 dB
	10
	8
	7
	4
	11
	8
	8
	5

	
	14 dB
	11
	8
	7
	4
	11
	8
	8
	5

	
	15 dB
	11
	9
	8
	4
	11
	9
	8
	5


Table 9. CQI tail probability for CSI process 0
	TP1/TP2 (dB)
	TP1 CINR (dB)
	Option 1  MMSE-MRC     
	Option 1  MMSE-IRC   
	Option 2  MMSE-MRC    
	Option 2  MMSE-IRC

	3
	10
	20.7143 %
	17.3469 %
	19.8469 %
	20.6633 %

	
	11
	25.4082 %
	18.6735 %
	26.4796 %
	28.6224 %

	
	12
	19.2347 %
	15.5612 %
	17.9082 %
	17.5 %

	
	13
	17.6531 %
	11.6327 %
	22.9592 %
	28.7755 %

	
	14
	20.9184 %
	10.6122 %
	24.2347 %
	22.1939 %

	
	15
	10.5612 %
	11.7347 %
	23.2653 %
	21.5816 %

	5
	10
	20.5612 %
	17.1939 %
	19.6939 %
	20.6633 %

	
	11
	25.4592 %
	18.7245 %
	26.7347 %
	28.7245 %

	
	12
	19.3878 %
	15.5102 %
	18.0612 %
	17.398 %

	
	13
	17.7041 %
	11.6837 %
	22.9082 %
	28.8265 %

	
	14
	20.8673 %
	10.6633 %
	24.0816 %
	22.0408 %

	
	15
	10.5102 %
	11.6837 %
	23.3163 %
	21.7347 %


We would like to propose to select two test points to cover slightly different CINR range. For UE supporting multiple CSI process, different CSI processes can cover different CINR range. However, for single CSI process UE, it would be beneficial to have two test points with slightly different CINR. Candidates could be
· Test point 1: TP1/TP2=3dB, TP1 CINR = {10dB, 11dB}

· Test point 2: TP1/TP2=5dB, TP1 CINR = {14dB, 15dB}

Proposal 6. For fading CQI test, define two test points to cover different CINR range. 
4. Conclusion 
In this contribution, we provided further simulation results for CoMP CSI test to finalize remaining test parameters. Based on what we observed from simulation, we proposed following. 
Proposal 1. Define TM10 CQI definition test in terms of CQI distribution and BLER metric.

Proposal 2. Define test points at TP2 CINR of {6dB, 7dB} and {12dB, 13dB}. UE is supposed to meet the requirement at one of two adjacent test points. 

Proposal 3. Select option 2 for fading CQI test configuration. 

Proposal 4. Define CQI delta metric only between CQI process 0 and 2 and between CQI process 1 and 3. 

Proposal 5. Reduce threshold for CQI tail probability for CSI process 0 in consideration of reduced CQI spread in low correlation channel. 

Proposal 6. For fading CQI test, define two test points to cover different CINR range. 

We would like to recommend considering our proposals in the defining CoMP demodulation test. 
References

[1] R4-134338, “Way forward for DL CoMP CSI test ”,  Huawei, HiSilicon, Samsung, Qualcomm, Ericsson, ST-Ericsson, Mediatek, TSG-RAN4  #68, Aug, 2013
[2] R4-133650, “Framework document for downlink CoMP CSI test (Version 4) ”,  Huawei, HiSilicon, Samsung, Qualcomm, Ericsson, Mediatek,, TSG-RAN4  #68, Aug, 2013
[3] R4-135000, “RI test for DL CoMP “, Qualcomm, TSG-RAN4  #68bis, Oct, 2013
8
8

