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1 Introduction
In this contribution we propose minimum requirements for the PUSCH 3-0 fading test for frequency-selective scheduling with flat interference. We also discuss the tentative additional requirement on the operating BLER when the best sub-bands are scheduled. Just like the PUCCH 1-0 fading test with frequency non-selective test, it is important that the requirement make sure that the UE(s) report in a consistent way, that is, excessive under- or over-reporting should be avoided, see [2] and [3]. The PUCCH 1-0 fading test case penalises under-reporting by its lower limit on the BLER operating point for the wideband CQI report, the reference for the differential CQI offset. It could still be relevant to introduce a lower BLER limit on the scheduled TBS in the preferred sub-band (with the highest CQI offset).
According to the RAN4 agreement captured in [1], the proposed requirement should include implementation margins and are conditional to the agreement on bias setting. We start by considering the impact on CQI bias, but looking at the resulting BLER when using a certain CQI bias for the scheduled sub-band transport blocks with the two-tap fading model instead rather than an AWGN channel.  
2 Impact of SNR offset
First we take a look at the impact of SNR offset from the SNR threshold corresponding to a target BLER of 0.1 (on the MCS curve). The simulation assumptions are according to Clause 9.3.1 of [4] (repeated in Section 4 below), that is, the reporting interval is 5 ms, and important parameter for this test. The results are for FDD but expected to be similar for TDD. 
Figures 1-3 show the BLER of the scheduled sub-band block (6 PRB) for the respective CQI bias of -1, 0 and 1 step as a function of the SNR offset, e.g. Figure 1 shows the result when a TBS according to the reported CQI index minus one is scheduled on the preferred sub-band. Hence the reporting interval and delay will influence the result (8 + 5 ms delay in the worst case). Each coloured curve represents a fixed (mean) input SNR and the same SNR offset is applied to all MCS. Turning to Figure 2, we note that the BLER is in general > 0.1 for zero offset at all input SNR levels with TBS scheduled according to the reported CQI.  Using an AWGN-type requirement for the bias we observe from Figure 1 that the SNR offset can be about 0.7 dB to keep the BLER < 0.1 when a TBS according to the reported CQI index – 1 is scheduled.
Figures 4-6 show the corresponding results for the relative throughput when a TBS according to the reported CQI index with a bias of -1, 0 and 1 steps is scheduled, respectively. In Figure 6 we observe that over-reporting is penalized for large positive SNR offsets, larger than +0.5 dB say. If several input SNR test points are chosen and a sufficiently tight requirement on the throughput gain is specified (see Figure 5), the SNR offset must not exceed about +0.5 dB for zero CQI bias on the TBS. If this restriction is adopted a relative throughput requirement of = 1.4 seems feasible.
Likewise, under-reporting can be penalized by setting a lower BLER limit just as for the PUCCH 1-0 test [3] as is evident from Figure 1. It appears that a requirement on the BLER operating point > 5% is reasonable up to a +0.5 dB SNR offset. 
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Figure 1: BLER for TBS scheduled according to reported CQI index – 1 (under reporting). 
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Figure 2: BLER for TBS scheduled according to reported CQI index.

[image: image3]
Figure 3: BLER for TBS scheduled according to reported CQI index + 1 (over reporting).
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Figure 4: relative throughput with TBS scheduled according to reported CQI index – 1 (under reporting).
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Figure 5: relative throughput with TBS scheduled according to reported CQI index.
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Figure 6: relative throughput with TBS scheduled according to reported CQI index + 1 (over reporting).

3 Filtering

The purpose of the test case is to verify that preferred sub-bands can be used for frequently-selective scheduling, which also means that excessive filtering in the frequency domain should be penalised. If the minimum requirement on the relative throughput is specified at a level sufficiently above unity, then this will be achieved (while simultaneously verifying that excessive over-reporting is not employed). Figure 7 shows the relative throughput for zero SNR offset as a function of filtering length in terms of number of RB. The proposed requirement = 1.4 above would imply that only a moderate filtering is allowed.
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Figure 7: relative throughput as a function of averaging length in the frequency domain.
4 Minimum requirements
Next we present alignment results (practical channel-, noise- and CQI estimation) assuming no bias. The distributions of the differential sub-band reports for FDD and TDD are shown in Tables 1 and 2, respectively. 
Table 1: Distribution of sub-band CQI reports (FDD)
	SNR
	Differential sub-band CQI index

	
	-1
	0
	1
	2

	6
	0,454
	0,134
	0,188
	0,224

	7
	0,406
	0,126
	0,124
	0,345

	8
	0,489
	0,087
	0,184
	0,240

	9
	0,452
	0,062
	0,139
	0,346

	10
	0,466
	0,116
	0,177
	0,241

	11
	0,420
	0,106
	0,135
	0,339

	12
	0,483
	0,111
	0,163
	0,243

	13
	0,446
	0,097
	0,125
	0,332

	14
	0,410
	0,096
	0,103
	0,391

	15
	0,476
	0,089
	0,141
	0,294

	16
	0,453
	0,080
	0,119
	0,348


Table 2: Distribution of sub-band CQI reports (TDD)

	SNR
	Differential sub-band CQI index

	
	-1
	0
	1
	2

	6
	0,467
	0,137
	0,222
	0,174

	7
	0,418
	0,127
	0,136
	0,319

	8
	0,369
	0,132
	0,095
	0,405

	9
	0,462
	0,069
	0,149
	0,319

	10
	0,480
	0,122
	0,211
	0,187

	11
	0,435
	0,108
	0,146
	0,312

	12
	0,386
	0,112
	0,118
	0,385

	13
	0,459
	0,101
	0,138
	0,301

	14
	0,426
	0,097
	0,112
	0,366

	15
	0,492
	0,096
	0,162
	0,251

	16
	0,467
	0,085
	0,131
	0,317


A minimum requirement on the reporting frequency of the sub-band differential CQI offset level of 0 in the range from  = 5% to than = 20% is proposed.
The throughput gain for scheduling on the best sub-bands and the BLER for FDD and TDD are shown in Figure 8 for zero SNR bias: a minimum requirement of = 1.4 with a operating BLER > 5% is proposed as already discussed above.
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Figure 8: throughput gain and BLER for FDD and TDD.
5 Proposal
We propose to introduce a BLER requirement to prevent excessive under-reporting, see text proposal below for FDD (same for TDD). Likewise, we propose to set a sufficiently tight throughput requirement and maintain two test points (even if the actual minimum requirements are the same) to prevent over-reporting. 
9.3.1.1
Minimum requirement PUSCH 3-0
9.3.1.1.1
FDD

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 any one of 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 [5%]

The requirements only apply for sub-bands of full size and the random scheduling across the sub-bands is done by selecting a new sub-band in each TTI for FDD, each available downlink transmission instance for TDD. The transport block size TBS(wideband CQI median) is that resulting from the code rate which is closest to that indicated by the wideband CQI median and the
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entry in Table 7.1.7.2.1-1 [TS 36.213] that corresponds to the sub-band size.
Table 9.3.1.1.1-1 Sub-band test for single antenna transmission (FDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	SNR
	dB
	[9]
	[14]
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	dB[mW/15kHz]
	[-98]
	[-98]
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	dB[mW/15kHz]
	[-89]
	[-84]

	Propagation channel
	
	[Clause B.2.4 with 
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	Correlation
	
	[Full]

	Reporting interval
	ms
	[5]

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 3-0

	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 subframe not later than SF#(n-4), this reported subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)




Table 9.3.1.1.1-2  Minimum requirement (FDD)
	
	Test 1
	Test 2
	

	 [%]
	[5]
	[5]
	

	 [%]
	[20]
	[20]
	

	 
	[1.4]
	[1.4]
	


The same numbers are proposed for TDD.
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