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1. Introduction
In RAN4 #68bis, agreement was made for all remaining parameters for CoMP CQI tests and corresponding CRs were agreed in [1][2]. In this contribution, we provide simulation result for CQI test in fading channel to determine requirement number for agreed test metrics. 
2. Simulation results
In fading CQI test, up to 4 CQI processes can be configured depending on UE capability as defined in table 1. CSI reporting for CSI process 2 is used for PDSCH scheduling while CSI reporting for other CSI processes are collected for CQI distribution verification. For CQI test in fading channel, it was agreed to use following test metrics to verify accuracy of multiple CQI report in DL CoMP. 

· For CQI process 0, CQI index not in the set {median CQI -1, median CQI +1} shall be reported at least % of the time
· For CQI process 1, 2 and 3, sub-band differential CQI offset level of 0 shall be reported at least % of the time but less than %
· Difference of the median CQIs of the reported wideband CQI between CSI processes 0 and CSI process 1, 2, and 3 shall be greater or equal to TBD.
· For CSI process 2, 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 ≥ ;

· For CSI process 2, 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 TBD.
Simulation results are provided for these test metrics along with recommendation for requirement thresholds. 
Table 1. CQI processes in fading CQI test

	CSI process (Tx scheme)
	PDSCH transmission
	CQI measurement
	CSI reporting mode

	
	TP1
	TP2
	Channel part
	Interference part
	Interference source
	Expected CINR
	

	0 (DPB)
	desired signal
	blanking
	TP1 CSI-RS
	IMR 0
	Noc
	TP1/Noc
	PUCCH 1-1

	1 (DPB)
	blanking
	desired signal
	TP2 CSI-RS
	IMR 0
	Noc
	TP2/Noc
	PUSCH 3-1

	2 (DPS)
	desired signal
	interference
	TP1 CSI-RS
	IMR 1
	TP2 + Noc
	TP1/(TP2+Noc)
	PUSCH 3-1

	3 (DPS)
	interference
	desired signal
	TP2 CSI-RS
	IMR 2
	TP1+Noc
	TP2/(TP1+Noc)
	PUSCH 3-1


2.1. CQI tail probability for CQI process 0
For CSI process 0, UE is required to report WB CQI under PUCCH 1-1 reporting mode. CSI reporting is constrained to use rank 1 with PMI 0 by codebook subset restriction. Table 2 shows probability of WB CQI not in the set {median CQI -1, median CQI +1}. Note that CQI tail probability is lower, i.e., CQI is more concentrated around median CQI, than in existing CQI test in frequency non-selective fading channel. Reduced CQI distribution is caused since low correlation channel is used instead of high correlation channel. Based on this observation, we propose to lower tail probability threshold relative to existing test. 
Proposal 1. Reduce CQI tail probability threshold from 20% to 10%. 
Table 2. WB CQI tail probability for CQI process 0

	
	TP1/TP2 = 3dB
	TP1/TP2 = 5dB

	TP1 CINR (dB)
	10
	11
	14
	15

	CQI tail probability (%)
	20.7
	28.6
	22.0
	21.7


2.2. CQI offset 0 probability for CSI process 1, 2, 3
For CSI process 1, 2, 3, UE is required to report SB CQI under PUSCH 3-1 reporting mode. Due to either frequency selective channel or frequency selective interference, UE will observe CQI variation along subband (SB). Table 3 shows CQI offset 0 probabilities in each SB for CSI process 1, 2 and 3. We can see that CQI offset 0 probability is always between 15% and 30% and thus we can comfortably reuse existing requirement of 2% and 40%.
Proposal 2. Reuse existing CQI offset 0 requirements of 2% and 40%.
Table 3. CQI offset 0 probability

	
	CSI process
	0
	1
	2
	3
	4
	5
	6
	7

	TP1/TP2 = 3dB

TP1 CINR = 10dB
	1
	0.1765
	0.1908
	0.1852
	0.1969
	0.1816
	0.1765
	0.1898
	0.1939

	
	2
	0.2311
	0.2495
	0.2464
	0.2291
	0.2622
	0.2582
	0.2719
	0.2388

	
	3
	0.2367
	0.2531
	0.2801
	0.3071
	0.2791
	0.2898
	0.2913
	0.2423

	TP1/TP2 = 3dB

TP1 CINR = 11dB
	1
	0.1673
	0.1806
	0.1806
	0.1781
	0.1847
	0.1821
	0.1867
	0.1765

	
	2
	0.2306
	0.2403
	0.2332
	0.2158
	0.2541
	0.2429
	0.2495
	0.2255

	
	3
	0.2199
	0.2531
	0.2714
	0.3036
	0.2561
	0.2923
	0.273
	0.2362

	TP1/TP2 = 5dB

TP1 CINR = 14dB
	1
	0.1719
	0.1827
	0.2117
	0.1689
	0.2082
	0.176
	0.2107
	0.1796

	
	2
	0.2296
	0.2383
	0.2403
	0.2245
	0.2561
	0.2541
	0.249
	0.2408

	
	3
	0.2378
	0.2418
	0.2597
	0.3031
	0.2673
	0.2816
	0.2765
	0.2214

	TP1/TP2 = 5dB

TP1 CINR = 15dB
	1
	0.1959
	0.1954
	0.1959
	0.1913
	0.2005
	0.1781
	0.2026
	0.1883

	
	2
	0.2342
	0.2434
	0.2347
	0.2209
	0.2536
	0.2505
	0.2454
	0.2342

	
	3
	0.2485
	0.2408
	0.2556
	0.2954
	0.2699
	0.2811
	0.2806
	0.2184


2.3. WB median CQI difference
It was agreed to introduce a new metric of WB median CQI difference between CSI processes. CQI delta metrics are defined for CQI process pair {0, 1}, {0, 2} and {0, 3}. Table 4 shows WB median CQI for all CSI processes. It can be seen that WB median CQI shows good separation between all agreed CSI process pairs except for pair {0, 1}. When TP1/TP2 = 3dB, WB median CQI gap between CSI process 0 and 1 is 1, which might not be enough for introduction of delta CQI metric. 
Proposal 3. Confirm CQI delta metric for CQI process pair {0, 2} and {0, 3}. Further discussion is needed for CQI process pair {0, 1}. 
Proposal 4. Set CQI delta metric threshold at 2 for CQI process pair {0, 2} and at 3 for CQI process pair {0, 3}. 
Table 4. WB median CQI

	
	TP1/TP2 = 3dB
	TP1/TP2 = 5dB

	TP1 CINR (dB)
	10
	11
	14
	15

	CSI process 0
	9
	9
	11
	11

	CSI process 1
	8
	8
	8
	9

	CSI process 2
	6
	6
	8
	8

	CSI process 3
	5
	5
	5
	5


2.4. PDSCH throughput gain and BLER
For CSI process 2, CQI reporting accuracy is verified by throughput gain and BLER. Throughput gain is defined as 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. BLER is measured for the case when PDSCH is transmitted on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS. Table 5 shows simulation results for throughput gain and BLER. It can be seen that we can comfortably reuse existing throughput gain threshold of 1.1 and BLER threshold of 5%. 
Proposal 5. Reuse existing throughput gain threshold of 1.1 and BLER threshold of 5%. 
Table 5. 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
	6
	29.7
	0.523
	0.3
	1.743333

	
	11
	6
	28.2
	0.551
	0.307
	1.794788

	5
	14
	8
	22.2
	0.723
	0.415
	1.742169

	
	15
	8
	22.6
	0.735
	0.426
	1.725352


3. Conclusion 
In this contribution, we provided simulation results for CoMP CQI test in fading channel and recommendation for test threshold. Our proposals are  

Proposal 1. Reduce CQI tail probability threshold from 20% to 10%. 

Proposal 2. Reuse existing CQI offset 0 requirements of 2% and 40%.

Proposal 3. Confirm CQI delta metric for CQI process pair {0, 2} and {0, 3}. Further discussion is needed for CQI process pair {0, 1}. 

Proposal 4. Set CQI delta metric threshold at 2 for CQI process pair {0, 2} and at 3 for CQI process pair {0, 3}. 
Proposal 5. Reuse existing throughput gain threshold of 1.1 and BLER threshold of 5%. 
We would like to recommend considering our proposals in the defining CoMP CSI test requirement. 
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