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1 Introduction
The purpose of the sub-band CQI fading test is to verify that preferred sub-bands can be used for frequently-selective scheduling, and using a test metric that reflects this feature. In this contribution we propose an additional requirement to verify that the BLER performance is in the neighbourhood of the anticipated 0.1 on selected sub-bands, which could be useful for scheduling. The requirements for the sub-band CQI fading test in their current form (Clause 9.3.1 of [1]):
For the parameters specified in Table 9.3.1.1.1-1, [and using the downlink physical channels specified in Annex C,] the minimum requirements are specified in Table 9.3.1.1.1-2 and by the following 

a) a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band;
b) [the ratio of the throughput obtained when transmitting on any one of 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 ≥ ;]

c) [BLER requirement]

We also look at the impact on the requirements (a) and (b) of frequency-domain averaging in terms of different sub-band sizes (deviating from the standard size for a 10 MHz channel for this purpose). The impact of time-domain filtering of in the CQI reporting process is also studied. The throughput per given sub-band is sensitive to averaging (no frequency-domain scheduling). However, we propose that unveiling excessive averaging is done using the wideband CQI fading test that allows a larger CQI reporting range (dynamic range), see [2].
2 The BLER requirement
Just as for the wideband CQI fading test (the frequency non-selective scheduling mode) there is a merit introducing a BLER test to verify a performance in the neighbourhood of the anticipated 0.1 for the selected sub-bands, c.f. the corresponding discussion for the wideband test in [2]. The aim of the sub-band fading test is to verify that preferred sub-bands can be used for frequency domain scheduling via the spread and throughput requirements (a) and (b) above. For scheduling purposes it may also be useful to verify that the reported indices still yield a BLER in the neighbourhood of the anticipated 0.1, similarly to the wideband case. 
The distribution of the reports is sensitive to small variations at low input SNR levels (see e.g. [3]), and the distribution of the highest reported indices +1 and +2 vary. Compared to the wideband case, the dynamic range of the reporting is smaller and we only consider the BLER for transports formats indicated by the highest indices. Arguably, this could lead to some increased sensitivity to bias for low SNR but the instantaneous SNR will vary for each sub-band and the selection of a transmission sub-bands varies on a per TTI basis.  The sensitivity is lesser at the higher SNR values tentatively assumed for the test points (9 and 14 dB). The reporting delay need also be considered when discussing the BLER test points.
Table 1 shows the BLER performance for preferred sub-bands with different sub-band sizes for a 10 MHz channel (practical CQI estimation) as an alternative way of displaying the effect of averaging; only size 6 is applicable for 10 MHz. The corresponding TDD results are shown in Table 2 (same UL/DL and special sub-frame configuration as in the FRC tests). The test setup is according to Clause 9.3.1 of [1] and practical CQI estimation has been assumed both for FDD and TDD. The Doppler frequency is 5 Hz and the amplitude factor of the second tap of the propagation model is a = 1. The reporting delay is 8 sub-frames consistent with the PMI reporting delay, but the CQI reporting frequency is the highest possible.
Table 1: BLER performance for (FDD)
	SNR [dB]
	SB size

	
	6
	7
	8
	9
	10

	9
	0.09
	0.11
	0.19
	0.19
	0.13

	14
	0.02
	0.07
	0.16
	0.18
	1.18


Table 2: BLER performance (TDD)
	SNR [dB]
	SB size

	
	6
	7
	8
	9
	10

	9
	0.09
	0.07
	0.18
	0.19
	0.29

	14
	0.02
	0.04
	0.13
	0.17
	0.26


For the relevant 10 MHz sub-band size (6), a BLER in the range 0.1-0.2 appears a reasonable requirement based on these results alone.
3 Distribution of the sub-band reports and relative throughput
Next we look at the distribution of the sub-band CQI reports for FDD and TDD, the assumptions are the same for the results shown in Section 2. The effect of averaging in the frequency domain is demonstrated by selecting different sub-band sizes as above. The requirement is put on the sub-band differential CQI offset level 0, which shall be reported at least  % of the time but less than % for each sub-band. However, the results below show aggregate results for all sub-bands of full size. 
Table 3: distribution of differential CQI offset (FDD)

	SNR [dB]
	SB size
	Differential CQI Offset

	
	
	-1
	0
	+1
	+2

	9
	6
	0.49
	0.09
	0.19
	0.22

	
	7
	0.53
	0.10
	0.20
	0.17

	
	8
	0.55
	0.13
	0.21
	0.12

	
	9
	0.56
	0.19
	0.24
	0.01

	
	10
	0.55
	0.29
	0.16
	0

	14
	6
	0.45
	0.09
	0.14
	0.32

	
	7
	0.48
	0.12
	0.13
	0.27

	
	8
	0.49
	0.16
	0.15
	0.20

	
	9
	0.48
	0.23
	0.18
	0.12

	
	10
	0.24
	0.53
	0.23
	0


Table 4: distribution of differential CQI offset (TDD)
	SNR [dB]
	SB size
	Differential CQI Offset

	
	
	-1
	0
	+1
	+2

	9
	6
	0.50
	0.08
	0.19
	0.23

	
	7
	0.53
	0.09
	0.21
	0.17

	
	8
	0.56
	0.12
	0.23
	0.09

	
	9
	0.57
	0.17
	0.26
	0.01

	
	10
	0.57
	0.24
	0.19
	0

	14
	6
	0.47
	0.09
	0.15
	0.28

	
	7
	0.50
	0.12
	0.16
	0.22

	
	8
	0.52
	0.15
	0.18
	0.14

	
	9
	0.53
	0.20
	0.20
	0.06

	
	10
	0.43
	0.38
	0.19
	0


We observe that the outcome of “0” reports increase with the sub-band size, while the frequency of “+2” reports decrease with sub-band size. It appears that an appropriate specification of the two-sided interval for the “0” reports can be used to unveil excessive filtering in the frequency domain.
Tables 5 and 6 show the relative throughput according to requirement (b) in Section 1 with

(3.1)
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for various sub-band sizes. The TP in the tables below refers to the numerator in (3.1).
Table 5: relative throughput (FDD)
	SNR [dB]
	Parameter
	SB size

	
	
	6
	7
	8
	9
	10

	9
	TP [Mbps]
	2.37
	2.39
	2.07
	1.95
	1.92

	
	
	2.10
	2.12
	1.84
	1.73
	1.70

	
	
	
	
	
	
	

	14
	TP [Mbps]
	3.47
	3.42
	3.00
	2.89
	2.59

	
	
	2.0
	1.97
	1.72
	1.66
	1.49


Table 6: relative throughput (TDD)

	SNR [dB]
	Parameter
	SB size

	
	
	6
	7
	8
	9
	10

	
	TP [Mbps]
	1.30
	1.40
	1.09
	1.05
	.87

	
	
	2.08
	2.24
	1.75
	1.69
	1.38

	
	
	
	
	
	
	

	
	TP [Mbps]
	1.91
	1.97
	1.65
	1.58
	1.27

	
	
	1.97
	2.04
	1.71
	1.64
	1.31


Some sensitivity to frequency-domain averaging can be observed, albeit limited. Next we look at the effect of averaging for CQI reporting in the frequency domain using the deterministic two-path model. 
4 Time-domain filtering using sub-bands
The sub-band test could potentially also be used for unveiling excessive averaging in the time-domain.  First we use a MA filter on each and every sub-band, but without any restriction on the offset between the sub-band and wideband CQI, i.e. we hypothetically allow differential reporting outside the interval [-1,2]. Figure 1 shows the resulting distributions for SNR = 14 dB with averaging length ranging from 1 to 25 sub-frames, and with a uniform weight on the reports in the averaging process. 
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Figure 1: distribution of sub-band CQI reports for different degrees of averaging (averaging length in ms).
Just as for the wideband CQI fading test, the impact of filtering on the distribution is marginal for the 5 Hz case.
Next we look at the impact of the throughput where the transport blocks are scheduled on a given sub-band throughout the test, i.e. no frequency domain scheduling. Now we use a different averaging method, whereby the underlying data for the CQI index mapping is averaged. Practical CQI estimation for FDD is assumed. Figure 2 shows the resulting throughput for a sub-band size of 6 and varying SNR at the same level as in [2], and configuring the TBS according to the reported CQI. 
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Figure 2: throughput per sub-band following the CQI reports for different degrees of averaging (averaging length in ms).
We observe that the throughput for non-frequency selective scheduling on sub-bands is sensitive to time-domain averaging.  However, unveiling excessive averaging can already be done using the existing wideband CQI test (Clause 9.3.2 of [1]) that allows a larger CQI reporting range and is also verifying the UE tracking capabilities for a realistic channel. 
5    Text proposal for FDD and TDD
A text proposal introducing the BLER requirement for FDD and TDD:

For the parameters specified in Table 9.3.1.1.1-1, [and using the downlink physical channels specified in Annex C,] the minimum requirements are specified in Table 9.3.1.1.1-2 and by the following 

a) a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band;
b) the ratio of the throughput obtained when transmitting on any one of 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 ≥ ;
c) when transmitting on the sub-bands with the highest differential CQI offset level, the BLER for the indicated transport formats should be less than 
A CR is supplied in [4].
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