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1. Introduction
In RAN4 #69, RAN4 finalized remaining parameters for CoMP TDD CSI tests [1] and agreed on CRs with square bracket or TBD on some parameters. In this contribution, we provide simulation results for CoMP TDD CSI tests to confirm agreed test set up and to determine performance requirements. 
2. CQI definition test 
For TDD CQI definition test, following test set up was agreed. 

· Target TP1: 

· Clause B.1 (8x2) with fixed PMI and rank 2 transmission 

· Fixed PMI 0/0 (codebook subset restriction 0x0000 0000 0020 0000 0000 0001 0000) 

· Interference TP2: 

·  Clause B.1 (2x2)  with fixed precoding  and rank 2 transmission 

· TP2 SNR points: 

· Baseline SNR point (6, 7) and (14, 15). Companies will confirm the baseline by checking the range [5, 15] with 1dB step. 

· [TBD] in TDD CR and update in next meeting. 

· TP1 SNR : 17 dB

Also, it was agreed to reuse test metrics for TM9 static CQI test. 
· 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 1 shows simulation results for CQI definition test. It can be observed that CQI distribution and BLER requirement can be met for all CINR. Thus, we can confirm agreed test points. 
Observation 1. For CQI definition test, test points of CINR {6dB, 7dB} and {14dB, 15dB} can be confirmed. 

Table 1. TDD CQI definition 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
	0.48 %
	99.4 %
	100 %
	100 %
	13
	0.48 %
	99.4 %
	100 %

	6
	100 %
	13
	0.72 %
	100 %
	100 %
	100 %
	13
	0.72 %
	100 %
	100 %

	7
	100 %
	12
	0.092 %
	1.24 %
	100 %
	100 %
	12
	0.092 %
	1.24 %
	100 %

	8
	100 %
	11
	0 %
	0.27 %
	64.5 %
	100 %
	11
	0 %
	0.27 %
	64.5 %

	9
	100 %
	11
	0 %
	0.68 %
	100 %
	100 %
	11
	0 %
	0.68 %
	100 %

	10
	100 %
	10
	0 %
	0.017 %
	23.4 %
	100 %
	10
	0 %
	0.017 %
	23.4 %

	11
	100 %
	10
	0 %
	0.37 %
	100 %
	100 %
	10
	0 %
	0.37 %
	100 %

	12
	100 %
	9
	0 %
	0 %
	26 %
	100 %
	9
	0 %
	0 %
	26 %

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

	14
	100 %
	9
	0 %
	0.38%
	100 %
	100 %
	9
	0 %
	0.38%
	100 %

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


3. Fading CQI test
For TDD fading CQI test, it was agreed to use same MIMO channel configuration as FDD, i.e., 4x2 EPA5L channel for TP1 and 2x2 B.2.4 channel for TP2. Other test set up and test metrics are same including test points. 
In fading CQI test, up to 4 CQI processes can be configured depending on UE capability as defined in table 2. 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.
Table 2. 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


3.1. 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 3 shows probability of WB CQI not in the set {median CQI -1, median CQI +1}. We can see 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. Based on this observation, we propose to use same CQI tail probability threshold  as FDD test.
Proposal 1. For TDD fading CQI test, use same CQI tail probability threshold of 10% as FDD test. 

Table 3. WB CQI tail probability for CQI process 0

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

	TP1 CINR (dB)
	10
	11
	14
	15

	CQI tail probability (%)
	22.5
	31.1
	20.1
	24.9


3.2. 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 4 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 33% and thus, for TDD fading CQI test, we can comfortably use same threshold of 2% and 40% as FDD fading CQI test.

Proposal 2. For TDD fading CQI test, use same CQI offset 0 probability requirements of 2% and 40% as FDD fading CQI test.
3.3. WB median CQI difference

For FDD CQI fading test, CQI delta metrics are defined for CQI process pair {0, 2} and {0, 3}. Table 5 shows WB median CQI for all CSI processes. It can be seen that WB median CQI shows good separation for CSI process pairs {0, 2} and {0, 3}. 

Proposal 3. For TDD fading CQI test, introduce same CQI delta requirements for CQI process pair {0, 2} and {0, 3} as FDD fading CQI test.

3.4. PDSCH throughput gain and BLER

For CSI process 2, CQI reporting accuracy is verified by throughput gain and BLER. Table 6 shows simulation results for throughput gain and BLER. It can be seen that, for TDD fading CQI test, we can use same throughput gain threshold of 1.02 and BLER threshold of 2% as FDD fading CQI test. 
Proposal 4. For TDD fading CQI test, use same throughput gain threshold of 1.02 and BLER threshold of 2% as FDD fading CQI test.
Table 4. CQI offset 0 probability

	
	CSI process
	0
	1
	2
	3
	4
	5
	6
	7

	TP1/TP2 = 3dB

TP1 CINR = 10dB
	1
	0.1391
	0.1579
	0.1587
	0.1457
	0.1635
	0.1434
	0.16
	0.143

	
	2
	0.2282
	0.2652
	0.2716
	0.2436
	0.2715
	0.2451
	0.2704
	0.245

	
	3
	0.243
	0.2636
	0.2822
	0.2799
	0.2938
	0.2686
	0.2734
	0.2348

	TP1/TP2 = 3dB

TP1 CINR = 11dB
	1
	0.1267
	0.14
	0.1377
	0.1391
	0.1385
	0.1315
	0.1392
	0.1205

	
	2
	0.2248
	0.2519
	0.2533
	0.2349
	0.2617
	0.2383
	0.2601
	0.2335

	
	3
	0.2318
	0.2552
	0.2782
	0.27
	0.2837
	0.2598
	0.2635
	0.2368

	TP1/TP2 = 5dB

TP1 CINR = 14dB
	1
	0.135
	0.1443
	0.144
	0.1425
	0.1411
	0.1303
	0.1488
	0.138

	
	2
	0.2295
	0.2633
	0.2669
	0.2435
	0.275
	0.2348
	0.267
	0.2416

	
	3
	0.2953
	0.3106
	0.3422
	0.3258
	0.3571
	0.332
	0.3205
	0.2938

	TP1/TP2 = 5dB

TP1 CINR = 15dB
	1
	0.1778
	0.1795
	0.1781
	0.1656
	0.1813
	0.1612
	0.1813
	0.1693

	
	2
	0.2265
	0.2588
	0.2551
	0.2398
	0.2631
	0.2249
	0.2647
	0.2364

	
	3
	0.2917
	0.3024
	0.3321
	0.3188
	0.3504
	0.3186
	0.3171
	0.2904


Table 5. 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


Table 6. PDSCH throughput test results
	TP1/TP2 (dB)
	TP1 CINR (dB)
	median CQI
	BLER (%)
	tput_follow
	tput_fixed
	gamma

	3
	10
	6
	28.3
	0.179
	0.101
	1.77

	
	11
	6
	26.8
	0.188
	0.103
	1.83

	5
	14
	8
	21.6
	0.243
	0.141
	1.72

	
	15
	8
	21.4
	0.248
	0.144
	1.72


4. RI test

For FDD, 2 RI tests were defined to verify RI reporting accuracy in TM10. For TDD RI test, it was agreed to use same MIMO antenna and channel configuration as FDD RI test. Table 7 shows simulation results for TDD RI test 1. It can be seen that gamma 2 metric is much larger than 1.0 for all TP1 SNR. Thus, for TDD RI test 1, we can use same CINR and threshold as FDD RI test 1. 
Table 8 shows simulation results for TDD RI test 2. For test 2, gamma 1 metric is 1.09, which is sufficiently larger than threshold of 1.0. Thus, for TDD RI test 2, we can use same threshold as FDD RI test 2. 

Proposal 5. For TDD RI test, use same test point and threshold as FDD RI test.
Table 7. Simulation results for TDD RI test 1

	TP1 SNR (dB)
	TP2 SNR (dB)
	Fixed rank 2 Throughput (Mbps)
	Follow rank Throughput (Mbps)
	Gamma 2

	0
	0
	0.181
	0.638
	3.52

	0
	-1
	0.207
	0.674
	3.26

	0
	-2
	0.233
	0.715
	3.07

	0
	-3
	0.258
	0.746
	2.89

	0
	-4
	0.283
	0.773
	2.73

	0
	-5
	0.309
	0.802
	2.60


Table 8. Simulation results for TDD RI test 2

	TP 1 CINR (dB)
	TP 2 CINR (dB)
	Fixed rank 1 Throughput (Mbps)
	Follow rank Throughput (Mbps)
	Gamma 1

	20
	20
	5.3
	5.77
	1.09


5. Conclusion 

In this contribution, we provided simulation results for CoMP TDD CSI test. Our observations and proposals are
Observation 1. For CQI definition test, test points of CINR {6dB, 7dB} and {14dB, 15dB} can be confirmed. 

Proposal 1. For TDD fading CQI test, use same CQI tail probability threshold of 10% as FDD. 

Proposal 2. For TDD fading CQI test, use same CQI offset 0 probability requirements of 2% and 40% as FDD fading CQI test.
Proposal 3. For TDD fading CQI test, introduce same CQI delta requirements for CQI process pair {0, 2} and {0, 3} as FDD fading CQI test.

Proposal 4. For TDD fading CQI test, use same throughput gain threshold of 1.02 and BLER threshold of 2% as FDD fading CQI test.

Proposal 5. For TDD RI test, use same test point and threshold as FDD RI test.
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