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1
Introduction
Following the study of AWGN and signal flatness impact on UE demodulation requirements, an initiation email [1] to conduct a similar assessment for CSI requirements was sent on the email reflector. Due to heavy workload and tight deadline for the December ITU-R submission, RAN4 was unable to spend time on this topic to conduct a thorough evaluation. In this meeting, a liaison statement is received from RAN5 [2] indicating the importance and urgency of such study in RAN4 is critical for GCF submission before their February 2011 meeting.

In this contribution, we first look into the study previously carried out for the UE demodulation requirements, specifically the assumed test equipment uncertainties, filter response used, and summary of findings. By adopting similar approach for the CSI requirements, we then outline the steps, target findings, selection of test scenarios, and necessary work plan to complete this study.
2
Previous test tolerance study for UE demodulation requirements
On test tolerance for UE demodulation requirements, RAN4 conducted this study by first deriving FIR filters with characteristics that match the test equipment uncertainties parameters given in [3], then simulating over a representative set of test scenarios and observing the performance loss. The agreed filter tap-coefficients in [4], [5] and used for the study were:
Bandwidth
Tap configuration [h(0) h(1) h(2) ..]
10MHz
[0.9509  0  0  0  0.2154]

The properties of this revised filter are:

Bandwidth
Ripple
Difference       

10MHz
4.0 dB
0.58 dB

The ripple of +/-2dB is the largest allowed difference between the minimum and maximum gain within the configured bandwidth and the difference is the maximum difference between two adjacent resource blocks. All filters are normalized to unit power in order to avoid any SNR scaling.
Observing from [5], test scenario selection for the study was only from one particular transmission mode (SIMO) but covered all modulation schemes and different fading channels. The final set of scenarios and performance loss results from different companies are listed in Table 1 (merged from [5] and [6]). Further results analysis (sensitivity factor), conclusions drawn, and the key recommendations to RAN5 are also provided below Table 1 (copied from [6] and [7]) for the convenience.
Table 1: Collated demodulation performance loss results

	Key scenario parameters
	Performance loss

	Scenario
	Description
	Propagation model
	AWGN

ripple
	Signal

ripple
	Huawei
	Nokia
	Ericsson
	Largest

	1.4
	1x2 QPSK 1/3 10MHz
	HS-train
	(2.0 dB
	(2.0 dB
	0.5 dB
	0.0 dB
	-
	0.5 dB

	1.6
	1x2 16QAM 1/2 10MHz
	ETU70
	(2.0 dB
	(2.0 dB
	0.2 dB
	0.1 dB
	0.2 dB
	0.2 dB

	1.6a
	1x2 16QAM 1/2 10MHz
	ETU70
	(2.0 dB
	flat
	0.0 dB
	-0.2 dB
	0 dB
	0.0 dB

	1.6b
	1x2 16QAM 1/2 10MHz
	ETU70
	flat
	(2.0 dB
	+0.1 dB
	0.2 dB
	0.1 dB
	0.2 dB

	1.7
	1x2 16QAM 1/2 10MHz
	ETU300
	(2.0 dB
	(2.0 dB
	0.2 dB
	0.1 dB
	0.3 dB
	0.3 dB

	2.1
	1x2 QPSK 1/3 1.4MHz
	EVA5
	(2.0 dB
	(2.0 dB
	0 dB
	0.0 dB
	0 dB
	0 dB

	2.1a
	1x2 QPSK 1/3 1.4MHz
	EVA5
	(2.0 dB
	flat
	-0.1 dB
	-0.05 dB
	-0.3 dB
	0 dB

	2.1b
	1x2 QPSK 1/3 1.4MHz
	EVA5
	flat
	(2.0 dB
	+0.1 dB
	0.0 dB
	0.3 dB
	0.3 dB

	2.3
	1x2 64QAM 3/4 5MHz
	EVA5
	(2.0 dB
	(2.0 dB
	0.3 dB
	0.3 dB
	0.2 dB
	0.3 dB

	2.5
	1x2 64QAM 3/4 20MHz
	EVA5
	(2.0 dB
	(2.0 dB
	0.3 dB
	0.2 dB
	0.3 dB
	0.3 dB

	2.5a
	1x2 64QAM 3/4 20MHz
	EVA5
	(2.0 dB
	flat
	0.1dB
	-0.05 dB
	0 dB
	0.0dB

	2.5b
	1x2 64QAM 3/4 20MHz
	EVA5
	flat
	(2.0 dB
	0.4 dB
	0.5 dB
	0.4 dB
	0.5 dB

	Note 1: Where both AWGN and signal are shown with ripple, both are passed through the same filter and therefore track. Where only AWGN or signal is shown with ripple, it is passed through the filter and the other is flat. 

Note 2: Reference Channels, Propagation models and correlation are defined in 36.101

Note 3: Original unmodified demodulation scenarios “x.y” were defined in R4-090188.


The following conclusions are then drawn from the analysis of results:

· The results show a performance loss of up to 0.5dB

· In a few cases, the results show a performance gain of up to 0.3dB

· There seems to be no clear correlation of performance loss to modulation order, propagation model, or channel bandwidth.

· Applying the ripple to AWGN only, or to signal only, does not in general appear to give significantly worse results than applying the ripple to both AWGN and signal.
The largest sensitivity factor seen, being the ratio (effect on the test result in dB) / (size of test equipment uncertainty in dB) is (0.5dB/2dB) = 0.25. For simplicity, we propose to use this value for all scenarios given here.

It is reasonable to assume that the uncertainty due to ripple will be uncorrelated to the other uncertainties applicable to performance tests, which are generally gain uncertainties. Following the normal root-sum-square treatment of uncorrelated uncertainties in RAN5, we may note that allowing an extra uncertainty of ±0.5dB due to ripple would increase the Test Tolerance in faded cases from 0.6dB to 0.8dB.
RAN4 kindly requests RAN5 to:

“Use a sensitivity factor of 0.25 for the ratio (effect on the test result in dB) / (size of test equipment uncertainty in dB). On the current basis of ±2dB AWGN flatness and signal flatness, this would require an additional uncertainty allowance of ±0.5dB for this effect, to be incorporated into the uncertainty calculation. The sensitivity factor of 0.25 can be applied for AWGN flatness and signal flatness values up to and including ±2dB.”
3
Test tolerance study for CSI performance requirements

In order to conduct this study for CSI scenarios, we summarized necessary steps to carry out in RAN4.

Step 1: To agree upon an approach to study the test tolerance. Candidates are:

· As described above, to re-use the same FIR filter designs as we have used for UE demodulation.
· Others (it is welcome for companies to suggest different methodologies)

Step 2: To agree on a subset of CSI test cases and evaluation metrics for the test tolerance study.

Step 3: Start your simulation engines, set… RUN!!
Step 4: Results collection and analysis

Step 5: Prepare reply LS on RAN4’s recommendations

3.1
Propose Work Plan

Considering the above steps and the timeframe given in [1], we propose the following work plan.

RAN4 #57 (November, 2010)

· Meeting discussion to finalise Step 1 and Step 2 by Friday (17-November)

RAN4 #57 (November, 2010) – 7th/January/2011
· Companies to provide initial evaluation results on email reflector for analysis and discussion
· Refine / revise details in Step 1 and Step 2 if necessary
RAN4 AH#05 (January, 2011)

· Companies to provide updated results

· Prepare final analysis

· Prepare and approve LS reply for RAN5

3.2
Study scope and approach

The scope of study should be Release 8 (TS36.101 v.8.11.0) as indicated in RAN5’s LS, the findings are of course applicable to the same tests in Release 9 and 10 in the future. The next question is whether the findings are equally applicable to new or modified tests in Rel-9 and 10 later on, it is still FFS. Separate LS to RAN5 is in any case needed once RAN4 has reached a conclusion for the new or modified tests in later releases.

As for the approach of test tolerance study, in our view the same approach could be reused by applying FIR filters describe in Section 2 to model the effect of AWGN and signal flatness and observing the impact on the performance in CSI test scenarios. That is, evaluation of the change in each performance metric by applying AWGN ripple only, signal ripple only and both AWGN + signal ripples all need to be studied for selected scenarios, and are expressed as a change relative to the flat AWGN, flat signal baseline.

3.3
Selection of test scenarios
Table 1: Structure of Rel-8 CSI test scenarios in TS36.101
	 
	 
	 
	Verification Point

	Scenario
	Description
	Propagation model
	Test 1
	Test 2

	9.2.1
	1x2 PUCCH 1-0 CQI reporting
	AWGN
	0 dB
	1 dB
	6 dB
	7 dB

	9.2.2
	2x2 PUCCH 1-1 CQI reporting
	AWGN
	10 dB
	11 dB
	16 dB
	17 dB

	Scenario
	Description
	Propagation model
	Test 1
	Test 2

	9.3.1
	1x2 PUSCH 3-0 frequency selective scheduling
	2-tap full
	9 dB
	10 dB
	14 dB
	15 dB

	9.3.2
	1x2 PUCCH 1-0 frequency non-selective scheduling
	EPA5 high
	6 dB
	7 dB
	12 dB
	13 dB

	9.3.3
	1x2 PUSCH 3-0 frequency selective interference
	2-tap full
	8 dB (1st SB)
	-1 dB (rest)
	8 dB (last SB)
	-1 dB (rest)

	Scenario
	Description
	Propagation model
	Verification Point

	9.4.1
	2x2 PUSCH 3-1 Single PMI
	EVA5 low
	60% of max throughput using random precoding

	9.4.2
	2x2 PUSCH 1-2 Multiple PMI
	EPA5 low
	60% of max throughput using random precoding

	Scenario
	Description
	Propagation model
	Test 1
	Test 2
	Test 3
	 

	9.5.1
	2x2 PUCCH 1-1 RI reporting
	EPA5
	0 dB low
	20 dB low
	20 dB high
	 


Selection of scenarios for the test tolerance study:

· Selection of test scenarios for UE demodulation in [5] was mainly to cover all modulation schemes and a range of fading channels. That is, a fair selection of number of tests across QPSK, 16QAM and 64QAM. In CQI reporting, as MCS depends heavily on the SNR test level, therefore a good range of SNR test levels has been chosen.
· Test tolerance for CQI reporting spread requirements under AWGN condition has been agreed in RAN5 to be “zero”. We can skip these tests in this study.

· The number of necessary scenarios can be further cut down by selecting representing tests in each group (e.g., one or two scenarios only from Section 9.3 and only one from Section 9.4). In the RI test, since there is only one scenario and the test itself is unique to all other CSI tests, it is suggested to include this in the study.

3.4
Evaluation metric
For the selected scenarios in proposal 2, their corresponding test requirements defined in TS36.101 Release 8 are:

Scenario 9.3.1 Frequency-selective scheduling
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 a randomly selected sub-band among 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 a randomly selected sub-band among 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 0.05.
Scenario 9.3.2 Frequency non-selective scheduling

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 0.02
Scenario 9.3.3 Frequency-selective interference
a) a sub-band differential CQI offset level of +2 shall be reported at least  % for at least one of the sub-bands of full size at the channel edges;
b) the ratio of the throughput obtained when transmitting on a randomly selected sub-band among 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 ≥ ;
Scenario 9.4.1 single PMI reporting

· The requirements are specified in terms of the ratio
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 with precoders configured according to the UE reports.
Scenario 9.5.1 RI reporting

a) The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ 
b) The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 shall be ≥ 
Considering the above test requirements, we propose all interested parties to simulate and provide results according to Table 3.
Table 3: Evaluation results metric
	 
	 
	 
	 
	 
	 
	Loss / Difference

	Scenario
	Description
	Propagation model
	Verification Point
	AWGN ripple
	Signal ripple
	Spread Dff.
	T-put Ratio Change
	BLER Diff.

	9.3.1 test_1
	1x2 PUSCH 3-0 frequency selective scheduling
	2-tap full
	9 dB
	2.0 dB
	2.0 dB
	
	
	

	9.3.1 test_2
	1x2 PUSCH 3-0 frequency selective scheduling
	2-tap full
	14 dB
	2.0 dB
	Flat
	
	
	

	9.3.1 test_2
	1x2 PUSCH 3-0 frequency selective scheduling
	2-tap full
	14 dB
	Flat
	2.0 dB
	
	
	

	9.3.2 test_1
	1x2 PUCCH 1-0 frequency non-selective scheduling
	EPA5 high
	6 dB
	2.0 dB
	Flat
	
	
	

	9.3.2 test_1
	1x2 PUCCH 1-0 frequency non-selective scheduling
	EPA5 high
	6 dB
	Flat
	2.0 dB
	
	
	

	9.3.2 test_2
	1x2 PUCCH 1-0 frequency non-selective scheduling
	EPA5 high
	12 dB
	2.0 dB
	2.0 dB
	
	
	

	9.3.3 test_1
	1x2 PUSCH 3-0 frequency selective interference
	2-tap full
	8 dB (1st SB)
	2.0 dB
	Flat
	
	
	n/a

	
	
	
	-1 dB (rest)
	
	
	
	
	

	9.3.3 test_1
	1x2 PUSCH 3-0 frequency selective interference
	2-tap full
	8 dB (1st SB)
	Flat
	2.0 dB
	
	
	n/a

	
	
	
	-1 dB (rest)
	
	
	
	
	

	9.3.3 test_1
	1x2 PUSCH 3-0 frequency selective interference
	2-tap full
	8 dB (1st SB)
	2.0 dB
	2.0 dB
	
	
	n/a

	
	
	
	-1 dB (rest)
	
	
	
	
	

	Scenario
	Description
	Propagation model
	Verification Point
	AWGN ripple
	Signal ripple
	Spread Dff.
	T-put Ratio Change
	BLER Diff.

	9.4.1
	2x2 PUSCH 3-1 Single PMI
	EVA5 low
	60% of max throughput using random precoding
	2.0 dB
	Flat
	n/a
	
	n/a

	9.4.1
	2x2 PUSCH 3-1 Single PMI
	EVA5 low
	60% of max throughput using random precoding
	Flat
	2.0 dB
	n/a
	
	n/a

	9.4.1
	2x2 PUSCH 3-1 Single PMI
	EVA5 low
	60% of max throughput using random precoding
	2.0 dB
	2.0 dB
	n/a
	
	n/a

	Scenario
	Description
	Propagation model
	Verification Point
	AWGN ripple
	Signal ripple
	Spread Dff.
	T-put Ratio Change
	BLER Diff.

	9.5.1 test_1
	2x2 PUCCH 1-1 RI reporting
	EPA5
	0 dB low
	2.0 dB
	Flat
	n/a
	
	n/a

	9.5.1 test_2
	2x2 PUCCH 1-1 RI reporting
	EPA5
	20 dB low
	Flat
	2.0 dB
	n/a
	
	n/a

	9.5.1 test_3
	2x2 PUCCH 1-1 RI reporting
	EPA5
	20 dB high
	2.0 dB
	2.0 dB
	n/a
	
	n/a


3.5
Results collection and analysis (step 4)
The purpose of the simulation results is to provide basic data. Following a similar process to that used for UE demodulation, the raw simulation results from different companies will be collated. This gives a summary of the AWGN flatness effect on each metric for each test case, allowing RAN5 to determine Test Tolerances.
For example, in test case 9.3.1 Test 1, three sensitivity factors will be derived:

· Effect of flatness on % of reports with sub-band differential CQI offset level 0, as (% change in reports with sub-band differential CQI offset 0) / (size of test equipment uncertainty in dB)
· Effect of flatness on T-put ratio, as (% change in T-put ratio) / (size of test equipment uncertainty in dB)
· Effect of flatness on average BLER, as (change in BLER) / (size of test equipment uncertainty in dB)
Each sensitivity factor provided to RAN5 will cover any combination of AWGN and signal ripple, and will be relevant at the SNR used. It is assumed that RAN5 will apply a Test Tolerance to the appropriate performance metric such as T-put ratio, and not to the SNR used for the test.

4
Conclusions
In this contribution, we provided an approach and work plan for the study of AWGN and signal flatness requirements to be carried out in RAN4. Specifically, the necessary simulation work, assumptions, test scenarios selection, and step by step work plan to achieve the target completion date. In summary, we proposed the following:
Proposal: It is recommended to use this document as the baseline assumption for simulations.
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