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1 Introduction
In [1] the importance of consistent CQI reporting and the relation to the minimum UE reporting accuracy were discussed. The point is that user performance and cell capacity will be impaired if the UE(s) within a cell have different reporting behaviour given an eNode B scheduler implementation: some UE may be over-reporting whereas others may be under-reporting. 

The UE CQI reports point out recommended transport blocks sizes; it is a fast indication of the downlink channel state that could e.g. based on the estimated instantaneous SNR. Normally, the eNode B has an outer loop for link adaptation where the UE BLER operating point is estimated by the A/N statistics. However, the accuracy of the latter adaptation is conditioned on the traffic type from the UE: the accuracy is improved if a particular UE has full buffer traffic or is downloading large files for which the statistics is more sufficient.  In these cases erroneous or biased UE reporting can be corrected, but the impact of these errors is larger if the traffic is bursty.
In this contribution we look at the impact of incorrect CQI reporting on user performance and system capacity. We consider two different traffic types

1. full buffer; 

2. file download for two different file sizes (bursty traffic);
with and without outer loops in eNode B(s) deployed in a macro-cellular three-sector (hexagonal) deployment. 10 MHz channels are used in a reuse-one network. We assume that the UE reporting errors are of two types 
1. random error within one CQI index

2. a UE specific bias of one step

and combinations thereof. Hence it is assumed that reporting errors of more than two CQI steps are unlikely given the granularity of the CQI reports (in the neighbourhood of 2 dB depending on the index). 

Anticipating the system and performance results below we remark that

· for file download, the impact of the random errors can be large even if an outer loop is in use: if the load is high the user performance at the cell edge may be degraded by 30% for a one step error. The bias errors are generally more difficult when the file size is smaller due to the traffic burstiness and the lack of sufficient statistics. Then an accurate CQI report based in the instantaneous channel state is beneficial; 

· for full buffer traffic the impact of both types of UE errors are small if the eNode B is equipped with an outer loop, but larger in absence of a loop as expected: the mean user throughput then decrease by 17%.
The effect of the CQI errors is also exhibited by a larger spread of the distribution of the BLER of the first HARQ transmission within a cell. This is in fact the relation the metrics used for the CQI reporting test cases: tighter requirements on the random errors and bias can be imposed by setting a roofing on the BLER (that is, a not too relaxed relative throughput requirement) and put a lower limit on the BLER of the first HARQ transmission (the operating point). Hence allowing a bias as suggested in [2,3] it is not recommended: in particular, it is proposed to use an offset {-1, 0, +1} for the TBS selection for the relative throughput test, which would allow a larger variation of the BLER operating point and make the test less sensitive to CQI bias and quantization. 
In order to avoid the above system impacts we propose to specify a not too relaxed throughput requirement and put a lower bound on the BLER operating point in the PUCCH 1-0 fading test to minimize the reporting errors of all UE(s). The reduction of bias and random errors then means that the reporting in a cell will be more consistent given a certain scheduler implementation. For the test cases, the scheduler should be the simplest possible: it should merely follow the CQI table, which has also been the prerequisite for the CQI alignment simulations. 
2 Simulation assumptions
The simulation assumptions are listed in Table 1. Instead of the EPA5 model used in the PUCCH 1-0 fading test, we have used the WCDMA counterpart: the PA model at 3 km/h and 2 GHz. This corresponds to a maximum Doppler frequency of 5 Hz. 
Table 1: Simulation assumptions

	Traffic and Mobility Models

	User distribution
	Uniform

	Terminal speed
	3 km/h

	Data generation
	1. Full buffer

2. File download traffic model, user downloads file of size 50 kByte, leaves the system and is replaced by a new user

3. File download traffic model, user downloads file of size 5 kByte, leaves the system and is replaced by a new user

	Radio Network Models

	Distance dependent path loss
	L = 15.3+20+37.6*log(d), d = distance in meters

	Shadow fading
	Log-normal, 8dB standard deviation

	Multipath fading
	PA (Pedestrian A)

	Cell layout
	Hexagonal grid, 3-sector sites, 21 sectors in total

	Inter-Site Distance (ISD)
	500m

	Carrier frequency
	2000 MHz

	General System Models

	Spectrum allocation
	10MHz

	Base station power
	40W

	Max antenna gain
	14dBi

	MCS
	QPSK, 16QAM, and 64QAM, Rel-6 turbo codes

	CQI reporting period
	5 ms

	CQI reporting delay
	8 ms

	CQI reporting format
	PUCCH 1-0

	CQI reporting error
	No error

Bias of -1, 0 or 1 step

Random error

Random error around bias of -1, 0 or 1 step

	Reuse
	Uncoordinated reuse 1

	Traffic load
	1.  10 users per cell

2.  5, 10, 20, 30, and 40 users per cell

3.  5,10, 20, 40 and 60 users per cell

	HARQ
	Yes

	E-UTRA Characteristics

	Transceiver antennas
	1x2

	Receiver
	Maximum ratio combining

	Scheduler
	Proportional fair

	Link adaptation
	Outer loop

No outer loop (only for data generation 1 and 3)


The UE CQI error models are of four types, in terms of CQI indices/steps:
1. no error

2. a bias of -1 (probability 1/3), 0 (probability 1/3), 1 (probability 1/3) that is UE specific

3. a random error of -1 (probability 1/5), 0 (probability 3/5), 1 (probability 1/5) for all UE(s)

4. a random error around a bias (random error conditioned on a UE-specific bias): bias of -1 (probability 1/3) means a random error of -2 (probability 1/5), -1 (probability 3/5), 0 (probability 1/5); bias of 0 (probability 1/3) means a random error of -1 (probability 1/5), 0 (probability 3/5), 1 (probability 1/5); bias of 1 (probability 1/3) means a random error of 0 (probability 1/5), 1 (probability 3/5), 2 (probability 1/5)

The bias implies a consistent under- or over-reporting for a specific UE over all reported CQI indices. The random errors mimic the CQI estimation accuracy of the UE, we assume a simplistic model wherein the probability for a +1 or -1 reporting error is 1/5 for all input SNR. 
3 Full-buffer traffic
First we consider full buffer traffic, for which it is expected that the outer loop can correct bias and minimize effects of random errors. We also look at the case without an outer loop. The load is 10 users per cell. 
3.1 With outer loop

The distribution of the BLER of the first HARQ transmission is shown in Figure 1 for the four error types. The normalized mean user and cell-edge user throughputs w r t the error-free case are shown in Table 1. Note that the latter results represent the HARQ throughput.
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Figure 1: BLER of the first HARQ transmission for full buffer with outer loop.
Table 1: full buffer with an outer loop
	CQI Error
	Normalized mean user throughput
	Normalized ell edge user throughput

	No Error
	1.00
	1.00

	Bias Error
	1.00
	0.95

	Random Error
	0.98
	0.93

	Random + bias error
	0.96
	0.88


It is evident that the impact of bias is limited, for this can be corrected for each UE by the outer loop. 

3.2 Without outer loop

The BLER results for the same scenario but without an outer loop is shown in Figure 2, the corresponding throughput results in Table 2. The bias error is now more significant, resulting in a cell-edge throughput reduction of 19% (at the 5% percentile), and the BLER variation is large if errors are present. 
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Figure 2: BLER of the first HARQ without an outer-loop.
Table 2: full buffer without an outer loop

	CQI Error
	Normalized mean user throughput
	Normalized ell edge user throughput

	No Error
	1.00
	1.00

	Bias Error
	0.86
	0.81

	Random Error
	0.84
	0.85

	Random + bias error
	0.83
	0.82


In the remainder we look at cases where the amount of A/N statistics per UE is more limited. 

4 File download

Next we consider file download assuming two different file sizes: 5 kB and 50 kB, the latter still relatively small. For the traffic model we assume that a user is downloading a file, leaves the system and is then replaced by a new user.
4.1 50 kB file size with outer loop
The BLER of the first HARQ transmission for the 50 kB case is shown in Figure 3 for the 5, 50 and 95% probability levels as a function of the number of users per cell (offered traffic). A bias or a random error results in a larger spread of the BLER. Downloading the 50 kB file requires a number of transport blocks for transmission. This means that there may be significant interference variations for a small number of users per cell. From Figure 3 we see that the BLER converge around the 10% level as the number of users increase, the interference variations decrease and the A/N statistics increase for the outer loop.
The normalised cell throughput is shown in Figure 4. The degradation is about 10% for random errors (and random errors around a bias), whereas the file size and number of UE transmission per download instance is large enough for the outer loop to correct the bias. 

The user performance as a function of normalised cell load is shown in Figure 5. The 5% probability level represents a cell edge user. Notice that for higher load the degradation can be about 33% for cell edge users and at the median level. Random errors give the largest impact. This also corresponds to a larger spread of the BLER in Figure 3, and there is no clear convergence to the required 10%. 
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Figure 3: BLER of the first HARQ as a function of users per cell.
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Figure 4: normalised cell throughput for 50 kB download.
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Figure 5: user performance for 50 kB download as a function of load.
4.2 5 kB file size

For the smaller 5 kB files we study the capacity and performance with and without the outer loop, it is more difficult to reduce the bias in this case so a comparison is relevant. 
4.2.1 With outer loop
The BLER of the first HARQ transmission is shown in Figure 6. Comparing to Figure 3 we note that the BLER is now increasing, for low load the number of simultaneous users is smaller in this case since the file can be transmitted using fewer transport blocks. Furthermore, at low load the actual channel state may be even better than the largest possible TBS selection. The BLER then increases with the interference.
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Figure 6: BLER of the first HARQ for 5 kB with an outer loop.
The effect on the cell throughput is smaller than in the 50 kB case as shown in Figure 7. Note, however, that the bias gives the same error as the random error types; the A/N statistics is insufficient for the loop to correct this error. The impact on user performance is shown in Figure 8, the reduction is about 20% for high load, also for the bias error. 
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Figure 7: cell throughput for 5 kB files with an outer loop.
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Figure 8: user performance for 5 kB files with an outer loop.
4.2.2 Without outer loop
The BLER of the first HARQ transmission for 5 kB files but without a loop is shown in Figure 9. Comparing to Figure 6 we note that the spread is slightly larger for the different error types. The figures 10 and 11 show the respective cell throughput and user performance without a loop. The degradation is marginally larger in this case, up to 30% reduction in cell-edge performance at high cell load, the results being similar to those obtained using the loop.
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Figure 9: BLER of the first HARQ for 5 kB without an outer loop.
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Figure 10: cell throughput for 5 kB files without an outer loop.
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Figure 11: user performance for 5 kB files without an outer loop.
5 Relation to CQI requirements
First a wrap up of results: for full buffer or larger file sizes the impact of UE-specific bias can be minimised by the outer loop for link adaptation. The impact of random errors due to CQI estimation errors is more difficult to remove with a loop also for bigger file sizes even if better A/N statistics is supplied. For smaller files, however, the bias and random errors give similar degradation, which is because of the insufficient A/N statistics due to the small number of transmissions required in this case. The user performance at the cell edge may be degraded by about 30% at high cell loads for file downloads.
The impact on cell throughput and user performance can be reduced by asking that the random errors and bias of each UE are minimised so that the CQI reporting is more consistent in the cell. An example: under-reporting as implemented by adding a bias of -1 may lead to improved link performance in the absence of other users, but has a negative impact on the system throughput and the performance in a multi-user scenario as shown above. 
Now, leaving the variance test for the reported CQI aside, the minimum requirements for PUCCH 1-0 under fading conditions are specified in terms of
· a relative throughput test;
· a lower limit of the BLER.
Looking at the distribution of the BLER of the first HARQ in Figures 3, 6 and 9, we note that requirements on random errors and prevention of bias can be achieved by asking that the BLER should be in a narrower range, closer to the percentiles of the error-free case. An upper limit on the BLER operating point can be set specifying a not too lax relative throughput requirement in the fading test case. Under-reporting is prevented by putting a lower limit on the BLER.

Figure 12 shows the relative throughput results in the case of different target BLER on the MCS characteristics (indicated by a certain CQI) obtained by different SNR bias. The BLER results are shown in Figure 13, all are FDD but similar behaviour is obtained for TDD. A relative throughput requirement in the range of 1.05-1.1 and a lower BLER limit of 5% would put upper and lower limits on the BLER operating point of the UE, and consequently reduce the impact of different bias settings and random errors due to CQI estimation errors.
                             
[image: image11]
Figure 12: relative throughput for different SNR bias. 
                          
[image: image12]
Figure 13: BLER operating points for different bias.
Finally, we note that under- or over-reporting can also revealed using the static AWGN tests, but the UE BLER operating point can in fact be varied in a large range while still being compliant with the static test. The fading tests provide additional means of limiting CQI reporting errors if specified properly and only allowing a reasonable implementation freedom.
6 Proposal for the PUCCH 1-0 fading test
In order to ensure consistent UE reporting in a cell and reduce the impact of incorrect CQI reporting, it is proposed to set a 5% lower BLER limit and a relative throughput requirement in the range of 1.05 – 1.1 for the PUCCH 1-0 fading test.
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