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1. Introduction
In RAN4 #67AH for LTE450, it was agreed to duplicate one CQI definition test and one fading CQI test in frequency non-selective fading channel for CSI feedback performance verification of 5MHz UE as captured in WF [1]. CR [2] was also endorsed for agreed test cases except for performance requirement number. Interest companies are invited to provide simulation results to determine performance requirement. 
· CQI test: 
· Introduce new test to verify CQI definition under AWGN conditions:
· Reporting mode PUCCH 1-0
· single codeword following Section 9.2.1.1
· Introduce new test to verify CQI accuracy under frequency non selective fading conditions
· Reporting mode: Wideband CQI reporting: PUCCH 1-0 
· Test following Section 9.3.2.1.
· Companies are encouraged to provide simulation results according to the legacy metrics for SNR region  (-2dB ~ 16dB with 1 dB step).
· PMI
· Do not introduce new PMI tests
· RI test and CQI frequency-selective test: 
· Frequency-selective CQI test and RI test will be discussed after the LTE450 WI is finalized.
· When defining the requirements with 5MHz, follow the existing requirements in Rel-10 for RI (metric for test 3).
In this contribution, we provide simulation results for 5MHz UE. Performance of 10MHz UE is also presented together for comparison between 5MHz and 10MHz. Based on simulation result, we propose performance requirement for 5MHz CSI test cases. 
2. CQI definition test
CQI definition test is to verify that UE is reporting CQI according to CQI definition in 36.213. For CQI definition test, it was agreed to duplicate CQI definition test for 10MHz UE defined in section 9.2.1.1 of 36.101. Test parameters are listed in Table 1. Following test metrics are used.
· reported CQI value shall be in the range of ±1 of the reported median more than 90% of the time
Table 1: PUCCH 1-0 static test (FDD 5MHz)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	5

	PDSCH transmission mode
	
	1

	Downlink power allocation
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	Propagation condition and antenna configuration
	
	AWGN (1 x 2)

	SNR (Note 2)
	dB
	[0]
	[1]
	[6]
	[7]
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	 dB[mW/15kHz]
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	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI reporting
	
	PUCCH Format 2

	PUCCH Report Type
	
	4

	Reporting periodicity 
	ms
	Npd = 5

	cqi-pmi-ConfigurationIndex
	
	6

	Note 1:
Reference measurement channel according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.

Note 2:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.


· If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, the BLER using the transport format indicated by the (median CQI + 1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, the BLER using transport format indicated by (median CQI – 1) shall be less than or equal to 0.1.
Table 2 shows simulation result for 10MHz and 5MHz bandwidth. It can be observed that
· For both 10MHz and 5MHz, CQI is 100% in the range of ±1 of the reported median CQI at all CINR.
· For both 10MHz and 5MHz, BLER requirement is met at all CINR except for 7dB. This happens due to abrupt nature of BLER performance in AWGN channel. Since UE needs to meet the requirement on either of adjacent CINR test points, it would be fine to meet the requirement at 6dB but fails at 7dB. 
From the observation that performance of 10MHz and 5MHz channel bandwidth are similar, we propose following. 
Proposal 1.  Define CQI definition test for 5MHz at the same CINR as 10MHz and reuse same test metric. 
Table 2. Simulation results for CQI definition test
	CINR (dB)
	10MHz
	5MHz

	
	CQI distribution
	BLER
mCQI-1
	BLER
mCQI
	BLER
mCQI+1
	CQI distribution
	BLER
mCQI-1
	BLER
mCQI
	BLER
mCQI+1

	-2
	100
	0
	0
	100
	100
	0
	0.0128
	100

	-1
	100
	0
	0
	68.3
	100
	0
	0
	51

	0
	100
	0
	0
	100
	100
	0
	0
	100

	1
	100
	0
	0
	54.7
	100
	0
	0
	41.8

	2
	100
	0
	0
	100
	100
	0
	0.0128
	100

	3
	100
	0
	0
	26.9
	100
	0
	0
	22.7

	4
	100
	0
	0
	100
	100
	0
	0.0128
	100

	5
	100
	0
	0
	100
	100
	0
	0
	100

	6
	100
	0
	0.0255
	100
	100
	0
	2.23
	99.9

	7
	100
	0
	0
	4.86
	100
	0
	0
	1.99

	8
	100
	0
	0
	100
	100
	0
	0
	100

	9
	100
	0
	0
	100
	100
	0
	99.7
	100

	10
	100
	0
	0.14
	100
	100
	0
	0.612
	100

	11
	100
	0
	0
	100
	100
	0
	0
	100

	12
	100
	0
	3.46
	100
	100
	0
	5.34
	100

	13
	100
	0
	0
	61.3
	100
	0
	0.0128
	79.9

	14
	100
	0
	0.0255
	100
	100
	0
	0.0255
	100

	15
	100
	0
	0
	13.2
	100
	0
	20.8
	20.8

	16
	100
	0
	0.0128
	0.0128
	100
	0
	0.0128
	0.0128


3. CQI accuracy test in frequency non-selective fading channel
It was agreed to verify CQI accuracy of 5MHz UE by CQI test in frequency non-selective fading channel. Fading CQI test is to verify accuracy of CQI reported by UE in terms of CQI distribution PDSCH BLER scheduled according to reported CQI and throughput gain relative to fixed MCS scheduling. Test parameters are listed in table 3, which is duplication of existing 10MHz test defined in section 9.3.2.1 of 36.101. Note that test is defined with full 25 PRBs allocation for category 2-8 UE while only 15 RBs are allocated for category 1 UE. 
Table 9.3.2.1.1-3 Fading test for single antenna (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	5 MHz

	Transmission mode
	
	1 (port 0)

	Downlink power allocation
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	SNR (Note 3)
	dB
	TBD
	TBD
	TBD
	TBD
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	dB[mW/15kHz]
	-92
	-91
	-86
	-85
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	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	EPA5

	Correlation and antenna configuration
	
	High (1 x 2)

	Reporting mode
	
	PUCCH 1-0

	Reporting periodicity
	ms
	Npd = 2

	CQI delay
	ms
	8

	 Physical channel for CQI reporting
	
	PUSCH (Note 4)

	PUCCH Report Type
	
	4

	cqi-pmi-ConfigurationIndex
	
	1

	Max number of HARQ transmissions
	
	1

	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:
Reference measurement channel according to Table A.4-1 for Category 2-8 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1 and Table A.4-7 for Category 1 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.Note 3:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level. 

Note 4:
To avoid collisions between CQI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#1, #3, #7 and #9 to allow periodic CQI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#5, #7, #1 and #3.


Existing 10MHz tests are defined in terms of following test metric. 

· a CQI index not in the set {median CQI -1, median CQI +1} shall be reported at least 20 % of the time
· the ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index and that obtained when transmitting a fixed transport format configured according to the wideband CQI median shall be ≥ 1.05;

· when transmitting the transport format indicated by each reported wideband CQI index, the average BLER for the indicated transport formats shall be greater or equal to 0.02
Table 4 shows simulation results both 10MHz category 2-8 UE,  5MHz category 2-8 UE and 5MHz category 1 UE. We can see that
· For all UE category and channel bandwidth, CQI tail probability is larger than 20% at all CINR. 
· For all UE category and channel bandwidth, PDSCH BLER is larger than 2% at all CINR.  

· For all UE category and channel bandwidth, gamma, i.e., throughput gain of variable MCS scheduling relative to fixed MCS scheduling, is larger that 1.05 except for  5MHz category 2-8 UE at CINR=13dB.  For 5MHz category 2-8 UE, gamma=1.02288732<0.5 at CINR=13dB. Considering that UE needs to meet the performance requirement on either one of two adjacent CINR test points, it would be fine. 
Based on above observation, we propose following. 
Proposal 2.  Define CQI accuracy test in frequency non-selective fading channel for 5MHz UE at the same CINR as 10MHz UE. For test metric, reuse the same test metric and same minimum performance requirement of existing 10MHz test. 
	
	10MHz

	CINR
	medCQI
	tailProb
	BLER
	TputVar
	TputMCQI
	gamma

	-2
	4
	30.6744
	0.26
	2.49
	1.94
	1.28350515

	-1
	5
	31.2505
	0.253
	2.89
	2.32
	1.24568966

	0
	5
	31.443
	0.246
	3.38
	2.77
	1.22021661

	1
	6
	34.257
	0.244
	3.88
	2.85
	1.36140351

	2
	6
	33.7458
	0.243
	4.46
	3.48
	1.2816092

	3
	7
	33.1754
	0.241
	5.05
	3.85
	1.31168831

	4
	7
	32.008
	0.25
	5.67
	4.63
	1.22462203

	5
	8
	32.9988
	0.248
	6.36
	4.91
	1.29531568

	6
	8
	31.8657
	0.261
	7
	5.94
	1.17845118

	7
	8
	35.1004
	0.27
	7.63
	5.46
	1.3974359

	8
	9
	33.5475
	0.285
	8.33
	6.91
	1.20549928

	9
	9
	37.6556
	0.288
	9.12
	8.17
	1.11627907

	10
	10
	31.7506
	0.302
	9.82
	8.61
	1.14053426

	11
	11
	32.683
	0.311
	10.6
	7.63
	1.38925295

	12
	11
	30.0494
	0.31
	11.6
	9.66
	1.20082816

	13
	11
	31.6466
	0.304
	12.6
	11.5
	1.09565217

	14
	12
	29.5843
	0.31
	13.5
	10.3
	1.31067961

	15
	12
	31.8337
	0.293
	14.7
	12.6
	1.16666667

	16
	13
	41.1836
	0.271
	16
	12.7
	1.25984252


(a) 10MHz category 2-8 UE
	
	5MHz

	CINR
	medCQI
	tailProb
	BLER
	TputVar
	TputMCQI
	gamma

	-2
	4
	31.5041
	0.282
	1.19
	0.935
	1.27272727

	-1
	5
	32.0345
	0.263
	1.41
	1.1
	1.28181818

	0
	5
	32.3293
	0.256
	1.65
	1.34
	1.23134328

	1
	6
	34.519
	0.24
	1.93
	1.45
	1.33103448

	2
	6
	34.5145
	0.249
	2.18
	1.76
	1.23863636

	3
	7
	33.719
	0.244
	2.49
	1.92
	1.296875

	4
	7
	33.0172
	0.256
	2.77
	2.33
	1.1888412

	5
	8
	33.4511
	0.263
	3.07
	2.49
	1.23293173

	6
	8
	32.8031
	0.281
	3.35
	3
	1.11666667

	7
	9
	34.2866
	0.295
	3.64
	2.59
	1.40540541

	8
	9
	34.635
	0.32
	3.91
	3.29
	1.18844985

	9
	10
	33.7458
	0.328
	4.27
	3.57
	1.19607843

	10
	10
	33.1245
	0.341
	4.6
	4.27
	1.07728337

	11
	11
	32.6614
	0.356
	4.94
	3.76
	1.31382979

	12
	11
	31.8264
	0.366
	5.32
	4.74
	1.12236287

	13
	11
	34.7896
	0.361
	5.81
	5.68
	1.02288732

	14
	12
	32.0271
	0.361
	6.26
	5.22
	1.19923372

	15
	12
	36.0215
	0.344
	6.86
	6.34
	1.08201893

	16
	13
	43.4356
	0.318
	7.51
	6.23
	1.20545746


(b) 5MHz category 2-8 UE

	
	5MHz

	CINR
	medCQI
	tailProb
	BLER
	TputVar
	TputMCQI
	gamma

	-2
	4
	31.4832
	0.332
	0.6816
	0.5222
	1.30524703

	-1
	5
	32.0809
	0.313
	0.8128
	0.6497
	1.25103894

	0
	5
	32.3021
	0.304
	0.9469
	0.7669
	1.23471117

	1
	6
	34.4901
	0.296
	1.0969
	0.8709
	1.25950166

	2
	6
	34.5111
	0.289
	1.275
	1.0313
	1.23630369

	3
	7
	33.7884
	0.29
	1.4438
	1.1344
	1.2727433

	4
	7
	32.9986
	0.292
	1.6313
	1.3312
	1.2254357

	5
	8
	33.4672
	0.304
	1.8094
	1.4906
	1.21387361

	6
	8
	32.8487
	0.317
	1.9969
	1.7438
	1.14514279

	7
	9
	34.3104
	0.336
	2.1563
	1.7625
	1.22343262

	8
	9
	34.6429
	0.354
	2.3531
	2.0906
	1.12556204

	9
	10
	33.8392
	0.375
	2.5125
	2.2125
	1.13559322

	10
	10
	33.154
	0.383
	2.7375
	2.5594
	1.06958662

	11
	11
	32.656
	0.392
	2.9531
	2.3156
	1.27530662

	12
	11
	31.7917
	0.392
	3.225
	2.7938
	1.15434176

	13
	11
	34.6857
	0.383
	3.5156
	3.2719
	1.07448272

	14
	12
	32.019
	0.372
	3.8344
	3.3094
	1.15863903

	15
	12
	36.0488
	0.36
	4.1344
	3.8344
	1.0782391

	16
	13
	43.447
	0.34
	4.4813
	3.9
	1.14905128


(c) 5MHz category 1 UE

4. Conclusion

In this contribution, we presented CSI simulation results for LTE450 UE and proposed following. 
Proposal 1.  Define CQI definition test for 5MHz at the same CINR as 10MHz and reuse same test metric. 

Proposal 2.  Define CQI accuracy test in frequency non-selective fading channel for 5MHz UE at the same CINR as 10MHz UE. For test metric, reuse the same test metric and same minimum performance requirement of existing 10MHz test. 

We recommend considering our proposal for definition of CSI test for LTE450 UE.
5. References
[1] R4-67AH-0087, “Draft CR to introduce 5MHz CQI definition test for LTE450”, Ericsson, ST-Ericsson, Huawei, HiSilicon, Qualcomm, Renesas, R&S, Telecom Italia, ALU, TSG-RAN4 #67AH, June, 2013
[2] R4-67AH-0080, “Draft CR to introduce 5MHz CQI definition test for LTE450”, Huawei, HiSilicon, Ericcson, ST-Ericsson, TSG-RAN4 #67AH, June, 2013
1
6

