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1. Introduction
The requirements for the CQI reporting in AWGN conditions were discussed in the RAN4#60bis meeting with the following agreements [1]:

· 
SNRs for FDD static CQI test are [7 or 8 dB] and [13 or 14 dB]

· 
SNRs for TDD static CQI test are [4 or 5 dB] and [10 or 11 dB]

· 
More simulation results are needed in R4#61 to finalise the requirement.
In this contribution, we address the issue of test points and provide our recommendation on the requirement values. Furthermore we discuss about a possible discrepancy in the definition of SNR.
2. Test points & considerations on the definition of SNR
It seems to be agreeable for all companies to verify the same set of MCS levels as in the Rel-8 PUCCH 1-1 AWGN test. Assuming that the the signal part of the SNR (
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) refers to the TX side, this would be achieved by subtracting the beamforming gain from the Rel-8 SNR values. However as can be seen from the current definition of SNR
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where
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The received energy per RE of the wanted signal during the useful part of the symbol, i.e. excluding the cyclic prefix, averaged across the allocated RB(s) (average power within the allocated RB(s), divided by the number of RE within this allocation, and normalized to the subcarrier spacing) at the UE antenna connector.
the 
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 refers to the RX side, implying that the gain from the beamforming is included in the SNR. Hence the tentatively agreed test points would result in lower MCS levels compared to Rel-8.
Seemingly the most straightforward fix would be to adopt the Rel-8 based test points without any scaling. However, in order to meet the test tolerance for the Signal-to-noise ratio (see below), sufficiently tight phase calibration for the channel matrix would be needed.
	9.2.2.1 FDD CQI Reporting under AWGN conditions – PUCCH 1-1
	± 0.3 dB
	Signal-to-noise ratio uncertainty  ±0.3 dB

AWGN flatness and signal flatness ±2.0 dB not expected to have any significant effect

AWGN absolute power uncertainty ±3.0 dB not expected to have any significant effect


Alternatively the TE could adjust its signal or noise power based on the SNR measured on the RX side, hence compensating for the error in received power due to phase errors in the channel matrix. In the worst case the compensation would need to be dynamic, depending on the rate of change for the phase errors. Note that the characteristics of the phase errors in channel matrix are being discussed in RAN5.
To summarize above, the impact of the beamforming in the static CQI tests could be accounted by a proper TE design. Unfortunately this conclusion is not valid for the test cases that utilize follow PMI. 
Such test cases include
· 
Rel-8/9 2x2 single-layer demodulation tests
· 
Rel-8/9 PMI tests

· 
Rel-10 PMI tests

The problem of the above tests is that the instantaneous SNR, observed in RX antenna port 1 or 2, depends on the  precoding gain. It cannot be assumed that the long term average of the SNR would converge to certain common value, because the precoding gain is UE-specific, unlike the channel gain, which is TE-specific, and hence controlled by the test tolerances. In principle, the UE-specific precoding gain could be compensated in the TE by calibrating the noise or signal power for each UE until the required tolerance for the SNR is achieved. It is however not clear whether such compensation is feasible in practice, and even not clear whether the SNR is observed at the RX or TX side in the current test procedure. Even if some compensation was applied, the test point would depend on the averaging period of the SNR.
Furthermore, the minimum requirements for the Rel-8 single-layer SM tests were based on simulations where the SNR is observed at the TX side, hence conflicting with the RAN4 definition of SNR. If in the actual tests the SNR is observed at the RX side, likely no UE can pass the test.
Before progressing further, the following would need to be clarified:
1. 
What is the reference point for the SNR in the current Rel-8 test procedures?

2. 
How is the SNR calibrated in a typical TE implementation? 
3. 
What is the averaging time of the SNR to meet the tolerance value? 
4. 
Is the SNR tolerance applied per one or two antenna ports?
In any case, there seems to be a clear discrepancy between what is simulated in RAN4 and what is (or at least should be) tested when following the current definition of the SNR. 
The most straightforward way to overcome this discrepancy would be to define the signal part of the SNR at the TX side, hence following the actual simulation practice. Unfortunately, this is not a feasible solution as the power scaling properties of the propagation channel are not explicitly specified.

Perhaps a better alternative would be to replace the 
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 in the current definition of SNR by a quantity that is based on the CRS energy, instead of the “wanted signal”, which according to our understanding refers to the PDSCH. The SNR would be essentially defined as follows:
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Note that the antenna indices 1 and 2 above refer to the RX side, hence avoiding ambiguities with the normalization of the propagation channel power.
As CRS exploits no beamforming, it would serve as a suitable reference for the signal part of the SNR. Furthermore, as the energies of the other resource elements are tied to the CRS_EPRE, the DL power allocation would be characterized in an unambiguous manner .
However there could be some implications regarding the test specifications. In particular, the test tolerance for the signal to noise ratio would now apply only for the CRS, meaning that the power (SNR) accuracy of the other signals would need to be ensured in some other manner. Perhaps tolerances could be specified for the EPRE ratios, but this is subject to further discussion.
We invite interested companies (especially test equipment vendors) to consider the described problem. Quick actions might be needed, because also the Rel-8 test cases are potentially impacted.

3. Simulation results

The simulation results according to the setup given in [2] are shown in Figures 1-3 for FDD and 4-6 for TDD. The payloads are according to Annex A-C. Note that two bugs were found in the payloads for non CSI-RS subframes, marked in red in Annex A.
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Figure 1 – BLER for CW0 (FDD)
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Figure 2 – BLER for CW1 (FDD)
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Figure 3 – Median CQI percentile for CW1 (FDD)
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Figure 4 – BLER for CW0 (TDD)
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Figure 5 – BLER for CW1 (TDD)
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Figure 6 – Median CQI percentile for CW1 (TDD)


On the basis of the above results, we observe for both FDD and TDD that:

· 
For both codewords #0 and #1, the PDSCH BLER using the transport format indicated by the respective median CQI0 – 1 and median CQI1 – 1 is less than or equal to 0.1 for SNR = 0..20 dB.
· 
For both codewords #0 and #1, the PDSCH BLER using the transport format indicated by the respective median CQI0 + 1 and median CQI1 + 1 is greater than or equal to 0.1 for SNR = 0..20 dB, assuming each test is carried out at two SNR points spaced by 1 dB.
· 
The wideband CQI1 is within the set {median CQI1 -1, median CQI1 +1} for more than 90% of the time.
Adopting the Rel-8 requirement values and MCS levels seems hence appropriate.
4. Conclusions

In the present contribution we consider the selection of test points for the TM9 static CQI test. We point out possible problems in the current definition of SNR, which can be summarized as:
· 
The signal component of the SNR is observed at the UE RX port → possible beamforming gain is visible in the SNR.

· 
As a consequence the test equipment needs to adjust its SNR per UE RX port according to UE-specific beamforming gain, possibly in a dynamic manner. It is not clear whether this is the case in the current test practice.
· 
The requirements for the single-layer spatial multiplexing tests in Rel-8 were based on simulations where the SNR is referenced at the UE TX port. Hence there seems to be a clear discrepancy between the actual (assumed) test practice and what is simulated in RAN4. In the worst case a UE with a proper baseband performance cannot pass a single-layer SM test.
To overcome these problems, the following solution is proposed, subject to further discussions:

Proposal 1: 
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 in the current definition of SNR is replaced by a quantity that is based on the CRS energy.
Furthermore we conclude, based on simulation results, that the Rel-8 requirement values are applicable to Rel-10. The same MCS levels as in Rel-8 can be used, given the definition of SNR is clarified.

The payloads for reference measurement channels are provided in Annex A-C, noting an error in the original payloads for the non CSI-RS subframes.
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Annex A – payloads for non CSI-RS subframes

	CQI index
	Modulation
	Target code rate
	Imcs
	Information Bit Payload
	Binary Channel Bits Per Sub-Frame 
	Actual Code rate
	Difference to target

	
	
	
	
	
	
	
	

	0
	out of range
	out of range
	DTX
	-
	-
	-
	 

	1
	QPSK
	0.0762
	0
	1384
	10800
	0.1304
	0.05

	2
	QPSK
	0.1172
	0
	1384
	10800
	0.1304
	0.01

	3
	QPSK
	0.1885
	1
	1800
	10800
	0.1711
	0.02

	4
	QPSK
	0.3008
	3
	2856
	10800
	0.2689
	0.03

	5
	QPSK
	0.4385
	5
	4392
	10800
	0.4089
	0.03

	6
	QPSK
	0.5879
	7
	6200
	10800
	0.5763
	0.01

	7
	16QAM
	0.3691
	10
	7992
	21600
	0.3711
	0.00

	8
	16QAM
	0.4785
	12
	9912
	21600
	0.46
	0.02

	9
	16QAM
	0.6016
	14
	12960
	21600
	0.6011
	0.00

	10
	64QAM
	0.4551
	17
	15264
	32400
	0.4719
	0.02

	11
	64QAM
	0.5537
	19
	18336
	32400
	0.5667
	0.01

	12
	64QAM
	0.6504
	21
	21384
	32400
	0.6607
	0.01

	13
	64QAM
	0.7539
	23
	25456
	32400
	0.7864
	0.03

	14
	64QAM
	0.8525
	24
	27376
	32400
	0.8457
	0.01

	15
	64QAM
	0.9258
	25
	28336
	32400
	0.8753
	0.05


Annex B – payloads for 4 TX CSI-RS subframes

	CQI index
	Modulation
	Target code rate
	Imcs
	Information Bit Payload
	Binary Channel Bits Per Sub-Frame 
	Actual Code rate
	Difference to target

	
	
	
	
	
	
	
	

	0
	out of range
	out of range
	DTX
	-
	-
	-
	 

	1
	QPSK
	0.0762
	0
	1384
	10400
	0.1377
	0.06

	2
	QPSK
	0.1172
	0
	1384
	10400
	0.1377
	0.02

	3
	QPSK
	0.1885
	1
	1800
	10400
	0.1777
	0.01

	4
	QPSK
	0.3008
	3
	2856
	10400
	0.2792
	0.02

	5
	QPSK
	0.4385
	5
	4392
	10400
	0.4269
	0.01

	6
	QPSK
	0.5879
	7
	6200
	10400
	0.6031
	0.02

	7
	16QAM
	0.3691
	10
	7992
	20800
	0.3877
	0.02

	8
	16QAM
	0.4785
	12
	9912
	20800
	0.4800
	0.00

	9
	16QAM
	0.6016
	14
	12960
	20800
	0.6277
	0.03

	10
	64QAM
	0.4551
	17
	15264
	31200
	0.4923
	0.04

	11
	64QAM
	0.5537
	18
	16416
	31200
	0.5292
	0.02

	12
	64QAM
	0.6504
	20
	19848
	31200
	0.6400
	0.01

	13
	64QAM
	0.7539
	22
	22920
	31200
	0.7385
	0.02

	14
	64QAM
	0.8525
	24
	27376
	31200
	0.8821
	0.03

	15
	64QAM
	0.9258
	25
	28336
	31200
	0.9128
	0.01


Annex C – payloads for 8 TX CSI-RS subframes

	CQI index
	Modulation
	Target code rate
	Imcs
	Information Bit Payload
	Binary Channel Bits Per Sub-Frame 
	Actual Code rate
	Difference to target

	
	
	
	
	
	
	
	

	0
	out of range
	out of range
	DTX
	-
	-
	-
	 

	1
	QPSK
	0.0762
	0
	1384
	10000
	0.1432
	0.07

	2
	QPSK
	0.1172
	0
	1384
	10000
	0.1432
	0.03

	3
	QPSK
	0.1885
	1
	1800
	10000
	0.1848
	0.00

	4
	QPSK
	0.3008
	3
	2856
	10000
	0.2904
	0.01

	5
	QPSK
	0.4385
	5
	4392
	10000
	0.4440
	0.01

	6
	QPSK
	0.5879
	7
	6200
	10000
	0.6272
	0.04

	7
	16QAM
	0.3691
	10
	7992
	20000
	0.4032
	0.03

	8
	16QAM
	0.4785
	12
	9912
	20000
	0.4992
	0.02

	9
	16QAM
	0.6016
	13
	11448
	20000
	0.5760
	0.03

	10
	64QAM
	0.4551
	17
	15264
	30000
	0.5120
	0.06

	11
	64QAM
	0.5537
	18
	16416
	30000
	0.5504
	0.00

	12
	64QAM
	0.6504
	20
	19848
	30000
	0.6656
	0.02

	13
	64QAM
	0.7539
	22
	22920
	30000
	0.7680
	0.01

	14
	64QAM
	0.8525
	23
	25456
	30000
	0.8533
	0.00

	15
	64QAM
	0.9258
	24
	27376
	30000
	0.9173
	0.01


_1280894656.unknown

_1381736604.unknown

_1268730447.unknown

