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1 Introduction
In this companion paper to [1] we propose a lower BLER limit and throughput gain for the PUCCH 1-0 fading test so as to make the UE reporting more consistent and reduce system impacts of incorrect reporting.

Summing up the results in [1], it is shown that the impact on cell throughput and user performance can be reduced by asking that the CQI random errors and SNR bias of every UE in a cell are minimised. For full buffer traffic or larger file sizes the impact of UE-specific bias can be reduced by an outer loop for link adaptation in the eNode B. For file download, the impact of random errors due to CQI estimation errors is more difficult to remove with a loop also for bigger file sizes. For smaller files, however, the bias and random errors give similar degradation. The user performance at the cell edge may be degraded by about 30% at high cell loads for file downloads. 
Now, relating this to the requirements in Clause 9.3.2 of [2], we note that requirements on random errors can be put and prevention of undue bias can be achieved by asking that the BLER operating point of the first HARQ transmission be in a sufficiently narrow range, closer to that of the error- and bias-free case. An upper limit on the BLER operating point can be set specifying a not too lax relative throughput requirement, and with a lower limit we avoid significant under-reporting (the largest possible TBS with acceptable BLER should be scheduled). 
The BLER operating point should ideally be close to the required 0.1 (the CQI definition in [3]), in practice it deviates from this due to CQI estimation errors, SNR bias and other factors like reporting delay (if significant compared to the channel coherence time). Next we look at the variability of the BLER operating point and the relative throughput as a function of SNR bias and propose requirement that will ensure more consistent UE reporting whilst still allowing some margin for UE implementation imperfections. 
2 Impact of SNR bias

Applying an explicit SNR bias will change the thresholds for the CQI mapping, but this can also be achieved implicitly by choosing different target BLER on the MCS curves. In what follows we use both techniques, and start by considering the AWGN test. 

2.1 The AWGN test

In the assumptions for CSI alignment simulations [4], results should be supplied for
· the highest BLER operating point that would still satisfy the AWGN (static) requirement

· the lowest BLER operating point that would still satisfy the AWGN (static) requirement

To some degree the bias requirement of the AWGN test verify that the UE is not overly under- or over-reporting. However, the target BLER (or SNR bias) can be varied considerably whilst still satisfying the AWGN test. Table 1 shows the BLER for transport blocks indicated by the CQI median and with bias of ±1 at the two SNR test points of the PUCCH 1-0 test in Clause 9.2 of [2]. Test failure only occurs for very low target BLER, which correspond to significant under-reporting. Results are shown for FDD but are similar for TDD. 
With suitable chosen requirements, the CQI fading test can be also be used to limit excessive under- or over-reporting, in addition to verifying that the UE is tracking the channel variations. 
Table 1: AWGN performance (FDD)

	SNR [dB]
	Target BLER
	BLER for TBS configured

	
	
	median-1
	median
	median+1

	0
	0.001
	0
	0
	0.003

	
	0.01
	0
	0
	1

	
	0.05
	0
	0
	1

	
	0.1
	0
	0
	1

	
	0.2
	0
	0
	1

	
	0.5
	0
	0
	1

	6
	0.001
	0
	0
	0

	
	0.01
	0
	0
	1

	
	0.05
	0
	0
	1

	
	0.1
	0
	0
	1

	
	0.2
	0
	0
	1

	
	0.5
	0
	0
	1


2.2 Target BLER on MCS characteristics
Figure 1 shows the BLER operating point for the first HARQ transmission and the relative throughput gain as a function of the input SNR for different target BLER. Significant under-reporting can be avoided by asking that the BLER operating point should be higher than 5% so that a sufficiently large TBS is chosen, which means that the target BLER should be > 0.001 for the SNR test points of 6 and 12 dB. By requiring that the relative throughput is larger than 1.1 we put an upper limit on the target BLER and avoid over reporting. The implications on user throughput and system capacity can then be reduced as shown in [1].
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Figure 1: BLER operating point and relative throughput for the wideband CQI fading test.
In fact, considering the target BLER (0.1 is the required), the results suggest that the lower limit on the BLER operating point be set slightly higher than 5%. Next we look at the correspondence to SNR bias (offset) instead, which may give a better view of the relation to the CQI granularity and the margins for estimation errors.
2.3 SNR offset

Figure 2 shows the BLER operating point and the throughput gain as a function of the SNR bias, that is, the offset from the SNR threshold that correspond to a target BLER of 0.1 for each MCS. Comparing with Figure 1, we note that a target BLER of 0.001 corresponds to a (negative) offset lesser than -1 dB. For the two test points 6 and 12 dB, the relative throughput limit of 1.1 correspond to an offset of about +0.5 dB, while the 5% lower BLER limit still corresponds to an SNR offset around -1 dB. Hence the 5% lower BLER limit and the throughput gain of 1.1 correspond to a 1.5 dB range available for receiver imperfections. 
Now, the test is receiver agnostic and we have only shown results for one particular implementation (again FDD but similar results for TDD), any further tightening the suggested requirements must account for results based on other implementations.
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Figure 2: BLER operating point and relative throughput as a function of SNR bias for the two test points.
The follow-CQI throughput for the two test points is shown in Figure 3. From a link perspective (a particular UE considered on its own) it can be seen that the throughput is more sensitive for positive offsets, which is also evident from Figure 2. However, negative offset (consistent under-reporting) may not be beneficial for system capacity and scheduling in a multi-user scenario. Furthermore, the AWGN test might not be passed if the target BLER is too low, that is, an excessive negative SNR offset.
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Figure 3: follow-CQI throughput.

3 Minimum requirements without SNR bias
Next we show results without SNR bias: the percentile of CQI strictly outside set {median CQI -1, median CQI +1} is shown in Table 2, the throughput gain in Table 3 and the corresponding BLER operating point (not the lower BLER bound that is) in Table 4.
Table 2: percentile of CQI reports
	SNR [dB]
	FDD
	TDD

	6
	0,36
	0,35

	12
	0,34
	0,34


Table 3: throughput gain
	SNR [dB]
	FDD
	TDD

	6
	1,28
	1,27

	12
	1,28
	1,33


Table 4: BLER operating point
	SNR [dB]
	FDD
[%]
	TDD
[%]

	6
	0,19
	0,17

	12
	0,23
	0,2


4 Proposed minimum requirements for FDD and TDD
Starting with the spread of the CQI reports, we note that the results in Table 2 are now aligned with those presented in [4] (the simulation results in [5] assumed low correlation by mistake so slightly lower variability of the combined signal), and therefore suggest that the tentative requirement for the percentile can be tightened to 0.25. The proposal is shown in the following; the throughput and lower bound of BLER are as discussed above. TDD is not shown for brevity, but the same minimum requirement should apply.
9.3.2.1
Minimum requirement PUCCH 1-0
9.3.2.1.1
FDD

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 not in the set {median CQI -1, median CQI +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)  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 5%
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 [36.213] that corresponds to the maximum transmission configuration (Table 5.6-1).
Table 9.3.2.1.1-1 Fading test for single antenna (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	SNR
	dB
	6
	12
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	dB[mW/15kHz]
	-98
	-98
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	dB[mW/15kHz]
	-92
	-86

	Propagation channel
	
	EPA5

	Correlation
	
	High

	Reporting mode
	
	PUCCH 1-0

	Reporting periodicity
	ms
	[NP = 2]

	CQI delay
	ms
	8

	PUCCH Format
	
	[Format 2]

	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)



Table 9.3.2.1.1-2 Minimum requirement (FDD)

	
	Test 1
	Test 2
	

	 [%]
	[25]
	[25]
	

	 
	1.1
	1.1
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