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1 Introduction
The requirements on CQI reporting under fading conditions are still outstanding. In this contribution we propose a requirement for PUCCH 1-0 based on the offset method presented in [1] and the adjoining CR [2]. This method makes the test more robust and the purposes of the test are met. 

We also look at the impact on ripple on the CQI fading tests. The ripple is modeled using a filter with coefficients as specified in [3]. This filter has properties close to the tentative noise flatness requirements proposed by RAN5. To evaluate the effect of a tighter flatness requirement, e.g. smaller ripple, we use the following. Suppose n1(t) and n2(t) are two independent white noise sources and g is the impulse response of the said filter, then the noise is modeled by


[image: image18.wmf],
with * denoting convolution. If  = 0 then the noise is flat, if  = 1 the ripple becomes 2 dB. It is noted that the corresponding requirement for WCDMA tests is tighter, from TS 34.121:
“The minimum bandwidth of the AWGN interferer shall be 1,5 times chip rate of the radio access mode (e.g. 5,76 MHz for a chip rate of 3,84 Mcps). The flatness across this minimum bandwidth shall be less than 0,5 dB and the peak to average ratio at a probability of 0,001 % shall exceed 10 dB.”
We end by studying the effect on the static PUCCH 1-1 requirements of the A/N feedback mode, which was addressed in [4].
2 The offset method and the PUCCH 1-0 requirement
Using the offset method one can eliminate the need to use SNR bias to satisfy the AWGN test case, which can imply inconsistent UE reporting behaviour in live operating conditions. The sensitivity to the input SNR is greatly reduced and the method allows specifying requirements that limit the range of the BLER operating point: i.e. more consistent reporting. In particular, the option to rerun the test at a +0.5 dB offset from an unfortunate input SNR test point means that the throughput requirement can be set a value > 1 (means an upper bound on BLER). 
A summary of the PUCCH 1-0 fading results based on contributing companies latest versions are shown in Table 1 [5] with details in Annex A (source documents as per the table). 
Table 1: Summary of PUCCH 1-0 results [5]

	Company
	Meeting
	Contribution
	SNR = 6..16 dB
	additional remarks

	
	
	
	Lowest
ALPHA
	Lowest
GAMMA
	Lowest
BLER
	

	Alcatel-Lucent
	RAN4#52
	R4-092955
	0.24
	1.19
	0.10
	

	Huawei
	RAN4#52
	R4-092803
	0.30
	1.20
	0.13
	SNR = 6..12 dB

	CATT
	RAN4#52
	R4-092841
	0.27
	1.18
	0.15
	assuming "zero bias"

	Samsung
	RAN4#52
	R4-093425
	0.30
	1.09
	0.23
	assuming "zero bias"

	Fujitsu
	RAN4#52
	R4-093176
	0.38
	1.09
	0.28
	SNR = 6 and 12 dB

	NEC
	RAN4#52
	R4-093204
	0.26
	1.14
	0.19
	

	Ericsson
	RAN4#52
	R4-092981
	n/a
	1.15
	0.18
	assuming "zero bias"

	LGE
	RAN4#51bis
	R4-092187
	0.27
	1.20
	0.20
	

	Nokia
	RAN4#51
	R4-091777
	0.32
	1.12
	0.27
	assuming "zero bias"

	Qualcomm
	RAN4#51
	R4-091891
	0.24
	1.00
	n/a
	assuming "offset=0"

	
	
	
	
	
	
	

	SPREAD
	
	
	0.24-0.38
	0.78-1.20
	0.10-0.52
	


The offset method allows using zero bias, and a throughput ratio (gamma) other than the lowest value can be used for specifying the requirement. Considering the results collected in Annex A for various BLER operating points we propose to 
· specify a throughput requirement  = 1.1 (effectively an upper bound on BLER)

· specify a lower bound for the operating BLER of 5% 

A CR is supplied in [6].
3 Impact of filter ripple

In principle, the AWGN flatness should not impact the specification of the core requirements for TS 36.101, but rather give an indication of contribution of ripple to the overall test tolerance for the conformance specification TS 36.521-1. However, the magnitude of test tolerance needed will still give an indication of the usefulness of the test given a certain core requirement. 
Next we consider the impact of ripple on the AWGN noise Noc on the throughput ratio and the distribution of the sub-band differential CQI index. The transmitted signal is flat. 
3.1 Wideband fading test
Tables 2 and 3 show the throughput ratio   with flat noise and ±2 dB ripple for FDD and TDD, respectively. The simulation assumptions are according to Clause 9.3.2 of TS 36.101. We observe that the ripple has no impact on the throughput ratio: both the numerator (follow CQI) and denominator of the ratio are similarly affected in this wideband case.  
Table 2: Throughput ratio for PUCCH 1-0 (FDD)
	Noise
	SNR [dB]

	
	6
	6,5
	12
	12,5

	Flat
	1,224
	1,196
	1,223
	1,126

	Ripple
	1,229
	1,181
	1,234
	1,125


Table 3: Throughput ratio for PUCCH 1-0 (TDD)
	Noise
	SNR [dB]

	
	6
	6,5
	12
	12,5

	Flat
	1,236
	1,177
	1,306
	1,223

	Ripple
	1,253
	1,191
	1,321
	1,229


The results are shown for the two test point and the +0.5 dB offset: the throughput results display the increased robustness of the offset method discussed above (no bias applied) with regard to the proposed requirement. 
3.2 Sub-band test with flat and frequency selective interference

Next we consider the flat interference case for PUSCH 3-0. The simulation assumptions are according to Clause 9.3.1 in TS 36.101 for FDD. Tables 4-6 show the distribution of the sub-band reports and the throughput ratio for no ripple, ±1 dB ripple and ±2 dB ripple, respectively. The 14 dB test point is shown along with its +0.5 dB offset. 
Table 4: PUSCH 3-0 frequency-flat interference (FDD), no ripple

	Diff CQI
	Subband

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	SNR = 14 dB  = 1,327

	-1
	0,420
	0,425
	0,422
	0,431
	0,418
	0,435
	0,421
	0,437
	0,299

	0
	0,102
	0,102
	0,108
	0,099
	0,120
	0,093
	0,119
	0,092
	0,093

	1
	0,167
	0,134
	0,169
	0,132
	0,163
	0,137
	0,161
	0,130
	0,154

	2
	0,311
	0,339
	0,302
	0,338
	0,299
	0,335
	0,299
	0,341
	0,454

	
	SNR = 14.5  = 1,337

	-1
	0,439
	0,470
	0,444
	0,471
	0,444
	0,474
	0,452
	0,474
	0,325

	0
	0,119
	0,081
	0,121
	0,088
	0,127
	0,089
	0,119
	0,094
	0,093

	1
	0,178
	0,153
	0,176
	0,138
	0,173
	0,135
	0,174
	0,135
	0,145

	2
	0,264
	0,296
	0,258
	0,302
	0,256
	0,302
	0,255
	0,298
	0,436


Table 5: PUSCH 3-0 frequency-flat interference (FDD), 1 dB ripple
	Diff CQI
	Subband

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	SNR = 14 dB  = 1,524

	-1
	0,440
	0,414
	0,360
	0,425
	0,436
	0,385
	0,384
	0,448
	0,308

	0
	0,104
	0,103
	0,128
	0,102
	0,111
	0,113
	0,119
	0,097
	0,096

	1
	0,188
	0,126
	0,113
	0,129
	0,189
	0,107
	0,132
	0,141
	0,165

	2
	0,267
	0,357
	0,399
	0,344
	0,263
	0,394
	0,366
	0,314
	0,431

	
	SNR = 14.5 dB  = 1,282

	-1
	0,461
	0,465
	0,398
	0,476
	0,464
	0,452
	0,414
	0,492
	0,345

	0
	0,126
	0,079
	0,122
	0,084
	0,132
	0,088
	0,132
	0,096
	0,102

	1
	0,231
	0,147
	0,151
	0,153
	0,224
	0,104
	0,156
	0,169
	0,184

	2
	0,183
	0,309
	0,329
	0,287
	0,179
	0,356
	0,298
	0,243
	0,369


Table 6: PUSCH 3-0 frequency-flat interference (FDD), 2 dB ripple
	Diff CQI
	Subband

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	SNR = 14 dB  = 1,598

	-1
	0,455
	0,411
	0,261
	0,431
	0,459
	0,337
	0,345
	0,466
	0,326

	0
	0,111
	0,102
	0,195
	0,102
	0,112
	0,137
	0,134
	0,099
	0,103

	1
	0,199
	0,125
	0,093
	0,139
	0,193
	0,101
	0,114
	0,166
	0,189

	2
	0,235
	0,362
	0,450
	0,328
	0,236
	0,425
	0,407
	0,270
	0,382

	
	SNR = 14,5 dB  = 1,437

	-1
	0,481
	0,461
	0,349
	0,481
	0,489
	0,428
	0,387
	0,507
	0,370

	0
	0,137
	0,081
	0,134
	0,084
	0,133
	0,088
	0,136
	0,101
	0,112

	1
	0,284
	0,149
	0,128
	0,175
	0,274
	0,096
	0,142
	0,231
	0,213

	2
	0,098
	0,309
	0,390
	0,261
	0,104
	0,387
	0,336
	0,162
	0,305


We recall that the variance requirement is express as a percentile

· a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band
and that the throughput ratio should verify that preferred sub-bands can be used for frequently-selective scheduling. From the tables above the following observations can be made

1. the spread of the sub-band reports increase with the ripple due to increased SNR variability, which makes it more difficult to set a requirement for the conformance specification (setting the test tolerance)
2. the throughput ratio increases with the ripple, the best sub-band(s) can still be scheduled at +2 (the numerator) but the fixed TBS according to the wideband CQI is negatively impacted (the denominator) with increasing ripple
Hence the throughput requirement is not sensitive to ripple on the noise. However, setting test tolerances for the spreading requirements may be facilitated if a smaller ripple can be mandated. 
The offset method also allows using “zero bias” for the sub-band tests, even though the saw-tooth behaviour of the PUCCH 1-0 test is not as evident in these cases.
Turning to the frequency-selective case, Tables 7 and 8 shows the distribution of the sub-band reports and the throughput ratio for no ripple and ±2 dB ripple, respectively.  The simulation assumptions are according to Clause 9.3.3 in [7] for FDD.
Table 7: PUSCH 3-0 frequency-selective interference (FDD), no ripple
	Diff CQI
	Subband

	
	1
	2
	3
	4
	5
	6
	7
	8

	
	Test 1:  = 2,358

	-1
	0,000
	0,452
	0,453
	0,450
	0,455
	0,457
	0,451
	0,453

	0
	0,006
	0,181
	0,194
	0,192
	0,192
	0,179
	0,194
	0,189

	1
	0,019
	0,280
	0,280
	0,280
	0,284
	0,296
	0,281
	0,283

	2
	0,975
	0,087
	0,073
	0,078
	0,069
	0,069
	0,075
	0,075

	
	Test 2:  = 2,204

	-1
	0,446
	0,454
	0,453
	0,450
	0,455
	0,457
	0,451
	0,000

	0
	0,180
	0,183
	0,195
	0,192
	0,192
	0,178
	0,193
	0,040

	1
	0,284
	0,288
	0,278
	0,281
	0,282
	0,296
	0,281
	0,054

	2
	0,090
	0,075
	0,073
	0,078
	0,071
	0,069
	0,075
	0,907


Table 8: PUSCH 3-0 frequency-selective interference (FDD), 2 dB ripple
	Diff CQI
	Subband

	
	1
	2
	3
	4
	5
	6
	7
	8

	
	Test 1:  = 2,364

	-1
	0,000
	0,455
	0,330
	0,490
	0,540
	0,373
	0,391
	0,546

	0
	0,118
	0,181
	0,180
	0,205
	0,253
	0,171
	0,173
	0,258

	1
	0,075
	0,284
	0,113
	0,284
	0,205
	0,154
	0,190
	0,195

	2
	0,807
	0,080
	0,377
	0,022
	0,002
	0,303
	0,246
	0,002

	
	Test 2:  = 2,466

	-1
	0,538
	0,461
	0,330
	0,490
	0,539
	0,373
	0,392
	0,000

	0
	0,261
	0,182
	0,180
	0,205
	0,256
	0,170
	0,173
	0,195

	1
	0,200
	0,293
	0,115
	0,284
	0,203
	0,151
	0,185
	0,052

	2
	0,001
	0,065
	0,375
	0,022
	0,002
	0,306
	0,251
	0,752


The variance requirement for the test case with frequency selective interference is instead
· a sub-band differential CQI offset level of +2 shall be reported at least  % of the time but less than % for at least one of the sub-bands of full size at the channel edges.
We observe that

1. the occurrence of the +2 reports at the channel edges (sub-bands 1 or 8) decrease with increasing ripple, the impact may depend on the actual filter shape of the noise, hence the   percentile may have to be endowed with a larger test tolerance
2. the impact on the throughput ratio is marginal.
However, the sensitivity to ripple appears lesser than for the case in which the interference is flat.

4 Impact on A/N feedback mode on PUCCH 1-1 AWGN test
Selecting the proper A/N mode for TDD is addressed in [4]: the mode chosen might also merit a change of the requirements for the CQI tests. The fading tests are all carried out with a single transmit antenna for which the mode has no impact; the only dual codeword case is the PUCCH 1-1 case. Choosing A/N bundling as the feedback mode, it turns out that this has no effect on the requirement if the interference is perfectly flat. 

Table 9 shows the results for input SNR(s) of 10 and 10.5 dB with and without bundling (the latter the ideal case assuming that each codeword could be reported separately). Introducing a ripple of ±2 dB the test may be more sensitive, the BLER is lower for CQI median + 1 that is applicable when the BLER of the reported median is below 0.1. However, applying the offset method by which the requirement would be verified either at 10 or 10.5 dB we note that the effect of ripple could be ignored. This is only further evidence of the robustness added to the CQI tests by this method.
Table 9: PUCCH 1-1 AWGN test with and without ripple
	
	Spatial differential CQI index
	FRC BLER

	
	-2
	-1
	0
	1
	2
	med CQI-1
	med CQI+1

	
	SNR = 10 dB, no ripple

	No bundling
	0,00
	0,00
	1,00
	0,00
	0,00
	0,00
	0,95

	A/N bundling
	0,00
	0,00
	1,00
	0,00
	0,00
	0,00
	1,00

	
	SNR = 10 dB, 2 dB ripple

	No bundling
	0,00
	0,00
	1,00
	0,00
	0,00
	0,00
	1,00

	A/N bundling
	0,00
	0,00
	1,00
	0,00
	0,00
	0,00
	1,00

	
	SNR = 10,5 dB, no ripple

	No bundling
	0,00
	0,21
	0,79
	0,00
	0,00
	0,00
	1,00

	A/N bundling
	0,00
	0,21
	0,79
	0,00
	0,00
	0,00
	1,00

	
	SNR = 10,5 dB ,2 dB ripple

	No bundling
	0,00
	0,00
	0,75
	0,25
	0,00
	0,00
	0,13

	A/N bundling
	0,00
	0,00
	0,75
	0,25
	0,00
	0,00
	0,43


5 Conclusions

The requirements for the CQI reporting accuracy under fading conditions are still outstanding for Rel-8. To this end, the offset method allows using “zero bias” for setting the requirements for the PUCCH 1-0 test, and the same applies to the sub-band tests. Contributions from various companies suggest that reasonable requirements can be set to ensure consistent UE reporting and to ensure excessive filtering is penalized.
Regarding the impact of ripple and requirement on AWGN flatness, the results indicate that the throughput requirement is not negatively impacted by the ripple for any CQI fading test, whereas specifying a sub-band variance requirement for the conformance tests may be more difficult with a large ripple. A slightly tighter flatness requirement will facilitate the specification, but the assumed ±2 dB will nevertheless not defeat the purpose of the test.

The impact of A/N bundling on the PUCCH 1-1 AWGN performance is negligible.
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Annex A
Collection of PUCCH 1-0 results
A.1
Alcatel-Lucent
Table A.1 Minimum requirement (FDD)

	
	6dB
	7dB
	8dB
	9dB
	10dB
	11dB
	12dB
	13dB
	14dB
	15dB
	16dB

	CQI not in [CQI-1, CQI+1], 
	23.8%
	32.7%
	32.4%
	35.8%
	38.4%
	40.1%
	38.6%
	26.4%
	28.7%
	33.8%
	37.8%

	Relative throughput,  
	1.28
	1.35
	1.28
	1.38
	1.35
	1.23
	1.26
	1.20
	1.19
	1.27
	1.24

	BLER
	12.1%
	10.3%
	12.5%
	12.9%
	12.8%
	13.9%
	12.5%
	12.4%
	13.7%
	14.3%
	14.3%


A.2
Huawei
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A.3
CATT
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A.4
Samsung
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A.5
Fujitsu

	
	SNR=6dB
	SNR=12dB

	Median CQI
	8
	11

	Reported CQI > median CQI +1 or

Reported CQI < median CQI -1
	38.1%
	38.9%

	Throughput when transport format corresponding to the median CQI is transmitted
	7.93Mbps
	13.73Mbps

	Throughput when transport format corresponding to the reported CQI is transmitted
	9.17Mbps
	14.92Mbps

	BLER when transport format corresponding to the reported CQI is transmitted
	0.28
	0.31

	Gain (
	1.156
	1.086


A.6
NEC
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A.7
Ericsson and ST-Ericsson
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A.9
Nokia
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A.10
Qualcomm
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