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1 Introduction
In [1] a solution was presented that
· resolves the issue with not meeting the static AWGN test at certain SNR points: the need to apply SNR bias to meet the AWGN requirement is eliminated,
· allows setting a reasonable baseline fading requirement to ensure consistent UE reporting in a cell based on “zero bias” and by which tracking can be verified and excessive filtering penalized;
this at the expense of a slightly increased test time on average, but not doubled. 
In this contribution we evaluate this proposal with regard to the SNR bias (permits over- or under-reporting) that can be used while still satisfying the requirements, and compare with the proposals in [2] and [3] for the PUCCH 1-0 AWGN test and [4] for the corresponding fading test. We also discuss the need for a lower BLER limit. It is concluded that
· the AWGN test will allow an SNR bias corresponding to one CQI index using the offset method [1], the method in [2] is slightly more restrictive,
· the fading test will allow an SNR back-off in a range -1.0 dB – 0.5 dB using [1] with a lower BLER of 5% and a relative throughput requirement around 1.1,
· the SNR back-off or the BLER will not be limited by the fading test using bias in the TBS selection [4] with no or an almost zero lower BLER requirement (and the test time is doubled). 
We recall that the purpose of the tests should be to minimize bias and variance on the basis of the TBS actually reported by the UE, and therefore propose to base the specification on the offset method: a CR is supplied in [5]. 
2 The AWGN test
First we describe the SNR bias (or back-off) used here: throughout the paper we assume that a constant SNR back-off is applied for all CQI indices, no other adaptation is used. This means that the SNR range for reporting a certain CQI index (see Figure 1) is shifted by the SNR back-off: a value > 0 dB means a negative shift of this SNR range so that the CQI index is reported for lower input SNR(s) (optimistic or over-reporting), whereas a value < 0 dB means a positive shift (pessimistic or under-reporting). Likewise, a back-off > 0 dB means that the target BLER on a MCS curve corresponding to a certain index is increased above 0.1, which means that over-reporting will tend to increase the BLER; the opposite for a back-off < 0 dB. 
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Figure 1: MCS characteristics corresponding to various CQI indices (from [7]).
Offset input SNR
CQI reporting bias is checked in the AWGN test at two SNR levels. According to the CQI definition in TS 36.213, the highest possible TBS that gives a BLER not exceeding 0.1 during a reference measurement period shall be reported. This can not be verified “exactly”, merely that the reported median CQI index – 1 gives < 0.1 and that the median CQI index + 1 gives > 0.1. By allowing a second test at an input SNR at a fixed offset from the first SNR test point should the UE not meet the AWGN requirement in the first instance (see [1] for more details), we resolve the problem that a UE might not meet the requirements if the input SNR is in the neighbourhood of any of the boundaries of the reporting range as discussed in [6] and [7]. 
In [6] it is claimed that a positive bias (0.5-1.0 dB) has to be implemented to attain adequate AWGN performance: the implication of the resolution above is that the need to implement bias (SNR back-off) for the sake of passing the AWGN test is eliminated. Here we are interested in the SNR back-off that could be used and still satisfy the AWGN test using the offset method.
Table 1 shows the BLER performance for an offset of 1 dB (as recommended following discussions captured in [8]) between the input SNR levels in Test 1 and Test 2 with the SNR back-off in steps of 0.25 dB from -2.0 to 2.0 dB. For each test and back-off, the BLER is shown for a fixed TBS according to the reported CQI median – 1 and CQI median + 1. 
Table 1: BLER performance using the offset input-SNR method
	Test 1
	Test 2

	Input SNR [dB]
	SNR

backoff [dB] 
	BLER FRC
	Input SNR [dB]
	SNR

backoff [dB]
	BLER FRC

	
	
	med-1
	med+1
	
	
	med-1
	med+1

	0
	-2,00
	0,00
	0,00
	6
	-2,00
	0,00
	0,00

	
	-1,75
	0,00
	0,00
	
	-1,75
	0,00
	0,00

	
	-1,50
	0,00
	0,00
	
	-1,50
	0,00
	0,00

	
	-1,25
	0,00
	0,00
	
	-1,25
	0,00
	0,00

	
	-1,00
	0,00
	0,00
	
	-1,00
	0,00
	1,00

	
	-0,75
	0,00
	1,00
	
	-0,75
	0,00
	1,00

	
	…
	
	…

	
	1,75
	0,00
	1,00
	
	1,75
	0,00
	1,00

	
	2,00
	0,00
	1,00
	
	2,00
	0,00
	1,00

	
	
	
	
	
	
	
	

	1
	-2,00
	0,00
	0,00
	7
	-2,00
	0,00
	1,00

	
	-1,75
	0,00
	1,00
	
	-1,75
	0,00
	1,00

	
	…
	
	…

	
	1,50
	0,00
	1,00
	
	1,50
	0,00
	1,00

	
	1,75
	0,00
	1,00
	
	1,75
	0,00
	1,00

	
	2,00
	1,00
	1,00
	
	2,00
	1,00
	1,00


We observe that a constant SNR back-off in the range -1.75 dB to at least 2.0 dB could be used and still pass Test 1, a back-off in the range -2.0 dB – 2.0 dB could be used for Test 2. This roughly corresponds to a consistent bias of one CQI index.
Modified bias requirement in the AWGN test
An alternative way to resolve the problem when the input SNR is in the neighbourhood of any of the boundaries of the reporting range is proposed in [2]. It is suggested that it is more appropriate to test BLER with the TBS corresponding to CQI median and CQI median + 2 when the channel condition is closer to CQI median + 1 than CQI median – 1, 
For the parameters specified in Table 9.2.1.1-1, and using the downlink physical channels specified in tables C.3.2-1 and C.3.2-2, the reported CQI value according to Table A.4-2 shall be in the range of ±1 of the reported median more than 90% of the time. If median (median CQI – 1) is reported more frequently than (median CQI + 1),  the BLER using the transport format indicated by the (median CQI + 1) shall be greater than 0.1, and the BLER using transport format indicated by (median CQI – 1) shall be less than or equal to 0.1. Otherwise, the BLER using the transport format indicated by the (median CQI + 2) shall be greater than 0.1, and the BLER using transport format indicated by median CQI shall be less than or equal to 0.1.
Table 2 shows the BLER performance for different SNR back-off using this method instead: “low” means CQI median – 1 if (CQI median – 1) is reported more frequently than (CQI median + 1), CQI median otherwise, whereas “high” means CQI median + 1 if (CQI median – 1) is reported more frequently than (median CQI + 1), CQI median + 2 otherwise.
Table 2: BLER performance with modified bias requirement
	Test 1
	Test 2

	Input SNR [dB]
	SNR

Backoff [dB] 
	BLER FRC
	Input SNR [dB]
	SNR

Backoff [dB]
	BLER FRC

	
	
	low
	high
	
	
	low
	high

	0


	-2,00
	0,00
	1,00
	6


	-2,00
	0,00
	1,00

	
	-1,75
	0,00
	1,00
	
	-1,75
	0,00
	1,00

	
	…
	
	…

	
	1,50
	0,00
	1,00
	
	1,50
	0,00
	1,00

	
	1,75
	0,00
	1,00
	
	1,75
	1,00
	1,00

	
	2,00
	1,00
	1,00
	
	2,00
	1,00
	1,00


We note that a SNR back-off between -2.0 dB (at least) and 1.5 dB can be used and still pass the test. The results are sensitive to the input SNR: Table 3 shows the results if an offset of 1 dB is applied to the SNR points like discussed above. Positive SNR back-off (over-reporting) is more penalised at the higher SNR. Some other concerns with this method are addressed in [9].
Table 3: BLER performance with modified bias requirement at different input SNR
	Input SNR [dB]
	SNR

Backoff [dB]
	BLER FRC
	Input SNR [dB]
	SNR

Backoff [dB]
	BLER FRC

	
	
	low
	high
	
	
	low
	high

	1


	-2,00
	0,00
	1,00
	7


	-2,00
	0,00
	1,00

	
	-1,75
	0,00
	1,00
	
	-1,75
	0,00
	1,00

	
	…
	
	…

	
	0,50
	0,00
	1,00
	
	0,50
	0,00
	1,00

	
	0,75
	0,00
	1,00
	
	0,75
	1,00
	1,00

	
	1,00
	0,00
	1,00
	
	1,00
	1,00
	1,00

	
	1,25
	1,00
	1,00
	
	1,25
	1,00
	1,00

	
	1,50
	1,00
	1,00
	
	1,50
	1,00
	1,00

	
	1,75
	1,00
	1,00
	
	1,75
	1,00
	1,00

	
	2,00
	1,00
	1,00
	
	2,00
	1,00
	1,00


Increasing the allowed bias in the AWGN test
A third method of resolving the problem of an unfortunate input SNR is suggested in [3]: in order to avoid the influence of SNR distribution and CQI quantization, median CQI – 1 and median CQI + 2  for accuracy CQI estimation are proposed in the AWGN condition. Turning to Table 1, we note that this would increase the range of permissible SNR back-off downwards for the particular implementation considered here.
3 The PUCCH 1-0 fading test

Next we look at the SNR back-off that can be used and still pass the PUCCH 1-0 fading test. For the method in [1] can also be used to resolve the problem of discontinuities due to changes of the median CQI, the reference for the throughput gain requirement, as the SNR passes through a boundary of the decision region of the median. In this way the relative throughput requirement can be set to a tighter value to fulfill the purpose of the test, and the alignment results can be based on a “zero bias setting” (or moderate bias to allow a reasonable implementation margin including estimation errors). 
We have seen that the AWGN test allows a SNR back-off corresponding to a CQI index, roughly. However, in order to ensure consistent UE reporting the BLER operating point for the initial HARQ transmission should be constrained to some extent [10], which is achieved by limiting the SNR back-off. The possibilities to do this are now improved since positive bias (that increases BLER and thus decreases the throughput gain) need not be applied for adequate AWGN performance using the resolution in [1]. Negative back-off or under-reporting can be limited by choosing an appropriate lower BLER limit to make sure that a sufficiently high TBS is recommended.
An alternative method for verifying CQI reporting under fading conditions is proposed in [4], in which a bias of in the TBS selection is introduced,
For the parameters specified in Table 9.3.2.1.1-1, [and using the downlink physical channels specified in Annex C,] the minimum requirements are specified in Table 9.3.2.1.1-2 and by the following 

a) a CQI index below (wideband CQI median – [1]) shall be reported at least  % of the time;
b) [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 ≥ ;]
c) [BLER requirement]
[Editors note: details of additional requirements (b) and (c) TBD]
The transport block size TBS is that resulting from the code rate which is closest to that indicated by M = wideband CQI + bias, and the
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entry in Table 7.1.7.2.1-1 [36.213] that corresponds to the maximum transmission configuration (Table 5.6-1). In the case of fixed TBS selection, M = wideband CQI median + bias. The bias value is selected from the set {-1, 0} by choosing the value that maximizes the throughput in each test.  The same bias value shall be used in requirement a), b) and c).

Comparing this method to that in [1] we assume that the requirement in a) above is not affected by the bias value, but that the same value is applied for b) and c), and that the maximum is taken with respect to the follow-CQI throughput [11]. Table 4 shows the BLER operating point and the throughput gain for different bias in the TBS selection for SNR back-off in the range from -2.0 dB – 2.0 dB for Test 1 in Clause 9.3.2 of TS 36.101. In accordance with [1] we show results for an offset in the input SNR, but choose a 1 dB offset. 
Suppose now, for example, that the relative throughput requirement   is in the neighbourhood of 1.1 (1.05 as discussed in [12] would also do). Using bias in the TBS selection and choosing the bias that maximizes throughput, the SNR back-off can be varied across the entire back-off range simulated regardless of the input SNR (the throughput gain indicated by the numbers in italics are not applicable since the corresponding throughput is smaller). Without applying the offset input-SNR method for the AWGN test, the latter will eventually limit the amount of negative SNR back-off possible in the absence of a lower BLER bound. The method in [4] would then allow a considerable over-reporting 

· for we can choose a large SNR back-off (larger than 2.0 dB) but still pass the fading test by virtue of a bias = -1 in the TBS selection algorithm. 
Note that, with this bias, the BLER for the TBS corresponding to the index actually reported by the UE is about 0.7. 
If the offset method is used (with no bias in the TBS selection) on the other hand, a throughput requirement around 1.1 would imply a maximum positive SNR back-off of 0.5 dB for an input-SNR of 7 dB. The results are the same for Test 2, see Table A.1 in appendix A. The BLER is effectively upper-bounded by the throughput ratio:  = 1.1 corresponds to a BLER in the range of 30-40%. 
Turning to under-reporting, no or an almost zero lower BLER limits have been proposed [12] for the fading tests, e.g. 0.05%. Suppose we choose a lower limit of 5% instead to avoid excessive under-reporting. This would limit the SNR back-off to about -1.0 dB for Test 1 without application of bias in the TBS selection; slightly lower for Test 2. Notice also that the BLER operating point is > 10% for the zero-bias setting. This is consistent with other results for “low” or zero-bias setting collected in [13]: no result below 10% is presented for these cases. Using bias in the TBS selection instead, a BLER requirement < 2% would not constrain the SNR back-off within ±2.0 dB (see Table 4).
To sum up, the offset method with a lower BLER limit around 5% and a throughput gain around 1.1 would allow a SNR back-off in the range -1.0 dB – 0.5 dB whilst still ensuring consistency in the UE reporting. The AWGN test will then not be limiting using a 1 dB offset in the input SNR. Using bias in the TBS selection with no or an almost zero lower BLER requirement, on the other hand, the fading tests will not limit the applied SNR back-off. Not only does this open up for under- or over-reporting, the test time is doubled.
Table 4: BLER and throughput performance with biased TBS selection (Test 1)
	Input SNR [dB]
	SNR

Backoff [dB]
	BLER (bias)

	TP (bias) [Mbps]
	TP gain (bias)

	
	
	-1
	0
	-1
	0
	-1
	0

	6
	-2,00
	0,00
	0,02
	7,56
	9,48
	1,15
	1,26

	
	-1,75
	0,00
	0,03
	7,80
	9,73
	1,18
	1,30

	
	-1,50
	0,00
	0,04
	8,03
	9,90
	1,22
	1,32

	
	-1,25
	0,00
	0,05
	8,30
	10,06
	1,11
	1,39

	
	-1,00
	0,01
	0,07
	8,55
	10,10
	1,15
	1,40

	
	-0,75
	0,01
	0,11
	8,80
	9,94
	1,18
	1,38

	
	-0,50
	0,01
	0,14
	9,05
	9,73
	1,21
	1,35

	
	-0,25
	0,02
	0,20
	9,26
	9,28
	1,24
	1,28

	
	0,00
	0,02
	0,26
	9,52
	8,62
	1,28
	1,19

	
	0,25
	0,03
	0,34
	9,71
	7,85
	1,30
	1,09

	
	0,50
	0,04
	0,42
	9,87
	6,89
	1,32
	0,95

	
	0,75
	0,06
	0,51
	9,99
	5,90
	1,34
	0,82

	
	1,00
	0,08
	0,59
	10,02
	4,96
	1,39
	1,04

	
	1,25
	0,11
	0,66
	9,90
	3,99
	1,37
	0,84

	
	1,50
	0,16
	0,74
	9,57
	3,09
	1,33
	0,65

	
	1,75
	0,21
	0,79
	9,13
	2,50
	1,26
	0,52

	
	2,00
	0,28
	0,84
	8,40
	1,84
	1,16
	0,39

	
	
	
	
	
	
	
	

	7
	-2,00
	0,00
	0,02
	8,54
	10,61
	1,07
	1,23

	
	-1,75
	0,00
	0,03
	8,82
	10,88
	1,10
	1,26

	
	-1,50
	0,00
	0,04
	9,06
	11,08
	1,13
	1,28

	
	-1,25
	0,01
	0,05
	9,31
	11,19
	1,16
	1,29

	
	-1,00
	0,01
	0,07
	9,59
	11,23
	1,20
	1,30

	
	-0,75
	0,01
	0,10
	9,87
	11,05
	1,23
	1,28

	
	-0,50
	0,01
	0,15
	10,15
	10,74
	1,27
	1,24

	
	-0,25
	0,02
	0,21
	10,40
	10,19
	1,30
	1,18

	
	0,00
	0,02
	0,28
	10,65
	9,27
	1,24
	1,42

	
	0,25
	0,03
	0,35
	10,88
	8,54
	1,27
	1,30

	
	0,50
	0,04
	0,43
	11,09
	7,45
	1,29
	1,14

	
	0,75
	0,06
	0,51
	11,15
	6,44
	1,30
	0,98

	
	1,00
	0,08
	0,59
	11,14
	5,35
	1,30
	0,82

	
	1,25
	0,12
	0,67
	10,93
	4,33
	1,27
	0,66

	
	1,50
	0,16
	0,74
	10,65
	3,34
	1,24
	0,51

	
	1,75
	0,22
	0,80
	9,98
	2,54
	
	

	
	2,00
	0,28
	0,85
	9,33
	1,84
	
	


4 Choosing the offset method: changes in TS 36.101
The purpose of the CQI reporting test should be to verify that bias is minimised and that consistent UE reporting is achieved by reasonable baseline requirements that still allow room for implementation margins including estimation errors. This can be achieved with the offset method that also resolves the issue of failing the AWGN requirement should the input SNR be unfortunate. In particular, the resolution means that the UE under test is tested at an additional test point at +1.0 dB SNR offset should it fail in the first attempt. For each test, two SNR levels are given, and the relevant minimum requirements must be met for at least one of these levels. This can be captured as shown below, PUCCH 1-0 AWGN is given as an example.  
Table 5: PUCCH 1-0 static test (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	1

	Downlink power allocation
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	dB
	0
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	dB
	0

	Propagation condition and antenna configuration
	
	AWGN (1 x 2)

	SNR (Note 2)
	dB
	0
	1
	6
	7
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	dB[mW/15kHz]
	-98
	-97
	-92
	-91

	
[image: image6.wmf])

(

j

oc

N


	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	PUCCH Format
	
	[Format 2]

	PUCCH Report Type
	
	4

	Reporting periodicity 
	ms
	NP = 5 ms

	cqi-pmi-ConfigurationIndex
	
	5

	NOTE 1: Reference measurement channel according to Clause A.4

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


The same change can be made for the wideband and sub-band fading tests. 
5    Proposal
We propose to 

· use the offset method [1] for both the static and fading CQI reporting tests, with the offset set to 1 dB,
· specify a relative throughput requirement in the range 1.05-1.1 and a lower BLER limit in the range 2-5% for the PUCCH 1-0 fading test in order to ensure consistent UE reporting.
A framework for specification the CQI tests in accordance with the offset method is given in [5] (the actual requirements pending alignment simulation results).
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Appendix A
Table A-1 displays the BLER operating point and the throughput gain for different bias in the TBS selection for SNR back-off in the range from -2.0 dB – 2.0 dB for Test 2 in Clause 9.3.2 of TS 36.101. 
Table A.1: BLER and throughput performance with biased TBS selection (Test 2)
	Input SNR [dB]
	SNR

Backoff [dB]
	BLER (bias)
	TP (bias) [Mbps]
	TP gain (bias)

	
	
	-1
	0
	-1
	0
	-1
	0

	12
	-2,00
	0,00
	0,02
	14,50
	17,00
	1,08
	1,27

	
	-1,75
	0,00
	0,03
	14,84
	17,18
	1,10
	1,28

	
	-1,50
	0,00
	0,04
	15,17
	17,30
	1,13
	1,29

	
	-1,25
	0,01
	0,06
	15,49
	17,38
	1,15
	1,30

	
	-1,00
	0,01
	0,09
	15,81
	17,08
	1,18
	1,47

	
	-0,75
	0,01
	0,13
	16,13
	16,75
	1,20
	1,44

	
	-0,50
	0,01
	0,17
	16,43
	16,12
	1,23
	1,38

	
	-0,25
	0,02
	0,23
	16,72
	15,11
	1,25
	1,30

	
	0,00
	0,02
	0,30
	17,01
	13,83
	1,27
	1,19

	
	0,25
	0,03
	0,38
	17,26
	12,36
	1,29
	1,06

	
	0,50
	0,04
	0,47
	17,38
	10,63
	1,30
	0,91

	
	0,75
	0,06
	0,57
	17,43
	8,78
	1,30
	0,75

	
	1,00
	0,09
	0,64
	17,17
	7,24
	1,28
	0,62

	
	1,25
	0,12
	0,72
	17,02
	5,62
	1,46
	0,81

	
	1,50
	0,16
	0,78
	16,47
	4,34
	1,41
	0,62

	
	1,75
	0,22
	0,83
	15,54
	3,39
	1,33
	0,49

	
	2,00
	0,27
	0,87
	14,67
	2,48
	1,26
	0,36

	
	
	
	
	
	
	
	

	13
	-2,00
	0,00
	0,02
	15,75
	18,33
	1,12
	1,27

	
	-1,75
	0,00
	0,03
	16,09
	18,57
	1,11
	1,32

	
	-1,50
	0,01
	0,04
	16,41
	18,66
	1,13
	1,33

	
	-1,25
	0,01
	0,07
	16,74
	18,57
	1,15
	1,32

	
	-1,00
	0,01
	0,10
	17,10
	18,29
	1,18
	1,30

	
	-0,75
	0,01
	0,14
	17,47
	17,74
	1,20
	1,26

	
	-0,50
	0,01
	0,19
	17,79
	16,89
	1,22
	1,20

	
	-0,25
	0,02
	0,26
	18,07
	15,68
	1,24
	1,12

	
	0,00
	0,02
	0,34
	18,36
	14,18
	1,26
	1,01

	
	0,25
	0,03
	0,41
	18,60
	12,70
	1,33
	1,41

	
	0,50
	0,04
	0,50
	18,78
	10,79
	1,34
	1,20

	
	0,75
	0,06
	0,58
	18,75
	9,22
	1,34
	1,02

	
	1,00
	0,08
	0,64
	18,54
	7,76
	1,33
	0,86

	
	1,25
	0,11
	0,72
	18,22
	6,11
	1,30
	0,68

	
	1,50
	0,16
	0,79
	17,51
	4,56
	1,25
	0,51

	
	1,75
	0,22
	0,83
	16,60
	3,59
	1,19
	0,40

	
	2,00
	0,28
	0,87
	15,53
	2,67
	1,11
	0,30
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