
TSG RAN WG4 meeting #51
R4-091777
San Francisco, US, 4 – 8 May, 2009
Source: 
Nokia
Title: 
Simulation results for the CQI requirements
Agenda Item:
6.1.3.3
Document for:
Discussion
1. Introduction
The verification of the channel state information (CSI) has been discussed in recent RAN4 meetings. The requirement framework was agreed in RAN#50, comprising the following scenarios for the verification of CQI and PMI reporting:

· CQI reporting definition under AWGN conditions (PUCCH 1-0)

· CQI reporting definition under AWGN conditions (PUCCH 1-1)

· CQI reporting under fading conditions (PUSCH 1-0)

· CQI reporting under fading conditions (PUSCH 3-0)

· Reporting of Precoding Matrix Indicator (PUSCH 3-1)

· Reporting of Precoding Matrix Indicator (PUSCH 1-2)

To check the alignment between companies with regard to the above requirements, a set of simulations were agreed to be submitted to RAN4#50bis ‎[1].  
In the present contribution, we provide simulation results for the first three scenarios according to the agreed setup. Only FDD results are included, although it can be anticipated that the figures for TDD would be rather similar. Initial recommendations for the test parameters are given where appropriate.
2. CQI reporting under AWGN conditions
2.1 Simulation setup
The simulations are set up according to the Sections 9.2.1.1 and 9.2.2.1 of ‎[2].
A practical CQI selection algorithm is assumed along with practical channel and noise estimates. The selection algorithm is biased in such manner that it would produce the lowest possible CQI values however still satisfying both AWGN requirements, hence implying a maximum throughput ratio for the fading tests. 
It is furthermore assumed that the AWGN requirements are set as “median CQI + 1”, implying

· If the PDSCH BLER using the transport format indicated by median CQI according to Table A.4-2 is less than or equal to 0.1, the BLER using the transport format indicated by the (median CQI + 1), where x is the smallest CQI index offset that results in a larger transport format) shall be greater than 0.1.
The CQI selection is illustrated in Figure 1 below: 
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Figure 1 - CQI biasing
2.2 PUCCH 1-0 results

The simulation results for the PUCCH 1-0 reporting mode are shown in Table 1 below:
Table 1 – Results for the PUCCH 1-0 reporting mode
	SNR [dB]
	CQI distribution
	BLER

	
	MED - 1
	MED
	MED + 1
	MED - 2
	MED - 1
	MED + 1
	MED + 2

	0
	45.1 %
	54.9 %
	0.0 %
	< 10%
	< 10%
	>10%
	>10%

	2
	12.3 %
	87.7 %
	0.0 %
	< 10%
	< 10%
	>10%
	>10%

	4
	3.7 %
	96.3 %
	0.0 %
	< 10%
	< 10%
	>10%
	>10%

	6
	2.1 %
	97.9 %
	0.0 %
	< 10%
	< 10%
	>10%
	>10%

	8
	0.1 %
	99.9 %
	0.0 %
	< 10%
	< 10%
	>10%
	>10%

	10
	0.2 %
	99.8 %
	0.0 %
	< 10%
	< 10%
	>10%
	>10%


Based on the above results, the current working assumptions

· the reported CQI value shall be in the range of +/-[1] of the reported median more than [90%] of the time
· if the PDSCH BLER using the transport format indicated by median CQI according to Table A.4-2 is less than or equal to 0.1, the BLER using the transport format indicated by the (median CQI +[1], where x is the smallest CQI index offset that results in a larger transport format) shall be greater than 0.1.
· if the PDSCH BLER using the transport format indicated by the median CQI according to Table A.4-2 is greater than 0.1, the BLER using transport format indicated by (median CQI –[1] , where y is the smallest CQI index offset that results in a smaller transport format) shall be less than or equal to 0.1
seem appropriate for the verification of the spread and bias of the reported CQI. However, as explained in Section 2.1, the outcome of the AWGN test is conditional to the biasing of the CQI selection algorithm. Hence, the selection of the biasing parameters needs to be considered also in the context of the fading test, as will be discussed later in this document.
For the test point, the working assumption of SNR = 0 dB and 6 dB seem to be fine.
2.3 PUCCH 1-1 results

The simulation results for the PUCCH 1-1 reporting mode are shown in Table 2 and Table 3 below:

Table 2 – Results for the PUCCH 1-1 reporting mode (CW1)
	SNR [dB]
	CQI distribution
	BLER

	
	MED - 1
	MED
	MED + 1
	MED - 2
	MED - 1
	MED + 1
	MED + 2

	10
	0.0
	100.0
	0.0
	< 10% 
	< 10% 
	>10%
	>10%

	12
	0.0
	99.9
	0.1
	< 10% 
	< 10% 
	>10%
	>10%

	14
	0.0
	98.0
	2.0
	< 10% 
	< 10% 
	>10%
	>10%

	16
	0.0
	100.0
	0.0
	< 10% 
	< 10% 
	n/a
	n/a


Table 3 – Results for the PUCCH 1-1 reporting mode (CW2)
	SNR [dB]
	CQI distribution
	BLER

	
	MED - 1
	MED
	MED + 1
	MED - 2
	MED - 1
	MED + 1
	MED + 2

	10
	0.0
	100.0
	0.0
	< 10% 
	< 10% 
	>10%
	>10%

	12
	0.0
	99.9
	0.1
	< 10% 
	< 10% 
	>10%
	>10%

	14
	0.0
	98.1
	1.9
	< 10% 
	< 10% 
	>10%
	>10%

	16
	0.0
	100.0
	0.0
	< 10% 
	< 10% 
	n/a
	n/a


Again, the current working assumptions for the verification of spread and bias seem feasible for the applied CQI bias:
· the wideband CQI1 shall be within the set [{median CQI1 -1, median CQI1 +1}] for more than [90%] of the time
· for both codewords #0 and #1, the PDSCH BLER using the transport format indicated by the respective median CQI0 – [1] and median CQI1 – [1] shall be less than or equal to 0.1
· for both codewords #0 and #1, the PDSCH BLER using the transport format indicated by the respective median CQI0 + [1] and median CQI1 + [1] shall be greater than or equal to 0.1
It could be however considered whether the above bias requirements could be aligned with PUCCH 1-0, as the current formulation implies that the both bias levels would be tested irrespective of the median BLER, hence introducing two irrelevant test-runs (one per codeword).
For the selection of the test points, it needs to be ensured that the median CQI + [positive bias requirement] would not be higher than the highest CQI level (15). From that perspective, setting e.g. SNR = 8 dB and 14 dB could be appropriate, however subject to the final bias requirement.
3. CQI reporting under fading conditions

3.1 Simulation setup

The simulations are set up according to the parameters given in ‎[3]. Two bias levels are evaluated in order to asses the impact of the AWGN requirement on the throughput gain:
· Bias-1: as described in Section 2.1

· Bias-2: + 1 dB compared to bias-1 (i.e. more conservative CQI reporting)
It should be noted that the bias-2 would not satisfy the AWGN test at all SNR levels, assuming a requirement of +/- 1 CQI steps.
The results for the highest possible BLER operating point are not shown here as it is quite obvious that such configuration would not be able to pass the throughput test. 

3.2 Results for the spread test
The results for the spread test are shown in Figure 2 below:
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Figure 2 - Spread results
As can be seen, the two-sided percentile is relatively insensitive against the SNR level and could be hence a suitable basis for this requirement. The resulting probabilities are also well in line with those reported in ‎[4]. Based on the results, the requirement could be in the range of 25 %.
3.3 Results for the throughput test

Figure 1 shows the BLER of the first HARQ transmission for the two evaluated bias levels:
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Figure 3 – BLER operation point
As can be seen, the lowest achievable BLER for the EPA5 channel, assuming an AWGN bias requirement of +/- 1 CQI steps, is in order of 25-30%. When the bias is increased by 1 dB, the BLER is reduced to 10%. 
The impact of the BLER operating point is clearly visible in the achieved throughput gain, as illustrated in Figure 4 below.
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Figure 4 – BLER of the first transmission
As can be seen, bias-1 is capable of providing only ~10% gain at the worst case SNR. Hence, setting a meaningful throughput requirement could be rather challenging with such biasing. By relaxing the AWGN requirement to +2 steps i.e. allowing the CQI to be more conservatively biased, a more sensible throughput requirement (e.g. 20%) could be achieved. It should be however considered whether allowing the UE to report more conservative CQI values would be feasible from the system performance point of view.  
4. Conclusions

In this contribution, we have evaluated the CQI requirements for the PUCCH 1-0 and PUCCH 1-1 modes in AWGN conditions and for the PUSCH 1-0 mode in the fading conditions, along the guidelines agreed in ‎[4]. We make the following conclusions based on the simulation results:
For the verification of the CQI spread in AWGN conditions, a maximum deviation of +/- 1 CQI steps seems to be feasible. 

The two-sided percentile could be a feasible metric for the verification of PUSCH 1-0 in EPA5 propagation conditions. A suitable requirement could be approximately 25%.
It is shown that the selection of the bias requirement in the AWGN test cases and the throughput gain requirement in the fading tests are interrelated and should be hence considered in a joint manner. Based on the results, two schemes were identified as a possible way forward:
1) The AWGN bias requirement would be set as “median CQI +/- 1”. This choice would prevent the UE from reporting excessively conservative CQI values, but on the other hand would make setting the throughput requirement in the fading tests very challenging due to high BLER operating point.

2) The AWGN bias requirement would be set as “median CQI -1” and “median CQI+2”. This choice would allow setting a meaningful fading requirement, but on the other hand might have a negative impact on system performance as the UE would be able to report very conservative CQI values.
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