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eDL-MIMO CSI reporting accuracy requirements
1.1
Alignment and impairment results for demodulation requirements
R4-11xxxx_summary_results_eDL-MIMO_RAN4#60.xls in “Inbox/drafts/UE Demod”

· Same version also available in R4-114745.
Table 1: Impairment results for TM9 demodulation tests

	Test
	STD
	SPAN
	AVE
	Margin
	Ref. SNR

	FDD.1
	0.5
	1.3
	-1.5
	0.5
	-1.0

	FDD.2
	0.8
	2.6
	21.1
	0.8
	21.9

	FDD.3
	0.5
	1.8
	12.8
	0.5
	13.3

	TDD.1
	0.4
	1.1
	-1.1
	0.5
	-0.6

	TDD.2
	0.9
	2.4
	21.3
	0.8
	22.1

	TDD.3
	0.5
	1.8
	14.0
	0.5
	14.5


Discussion points:
· Agree to capture these Ref. SNRs in Ericsson’s postponed CR in R4-114673?
· Recommend to agree ZTE’s postponed CR in R4-114657?
Agreed Way forward:
· Ref. SNRs are agreed to be captured in Ericsson’s postponed CR in R4-114673 without [].
· It is agreed to recommend R4-114657 to be agreed in the main session.
1.2
CQI static channel test
Options from R4-113900:

· Option_1: Revert back to 2x2 configuration for both FDD and TDD tests with 2 CSI-RS ports, Rank2 transmission and 1 CRS port.
· Option_2: Use follow-PMI instead of fixed-PMI.
· Option_3: Limitation of phase error impact (Details are provided in R4-113903).
Discussion points:
· Send LS to RAN5 (R4-114151) seeking an answer on the possibility of using R4-113903 as the solution to the random phase error due to cabling effect?
or

· Use Option_1 or Option_2?
Agreed Way forward:
· It is agreed to send a revised version of R4-114151 to RAN5 with some re-wording and removing the fading which still need some further work.
· We will continue to work on Option_3 for the fading tests until RAN4#60bis.

1.3 CQI fading tests

Options from R4-113900:

· In case Option_3 from above is not feasible:
· Option_2 (follow-PMI) for the frequency non-selective scheduling test.
· 1x2 configuration for the frequency-selective scheduling test.
Discussion points:

· Wait for RAN5 LS reply

or 

· Agree on using:

· Follow-PMI for the frequency non-selective scheduling test

· 1x2 configuration for the frequency-selective scheduling test (maybe this can be changed to 2x2 due to mandatory RI/PMI feedback)
Agreed Way forward:
· nothing
1.4 PMI 4Tx FDD tests

Options from R4-113900:
· Single PMI test: EPA5 [low] correlation

· Multiple PMI test: EVA5 low correlation
Discussion points:

· Agreed on these settings and to be capture in R4-114278?
Agreed Way forward:
· The above channel setups are agreed and will be captured in R4-114278.
1.5 PMI 8Tx TDD tests

Proposals in RAN4#60:
· Huawei’s proposal in R4-114453:

· Low correction channel

· To test W1, the test metric can be selected as: 
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· To test W2, the test metric can be selected as: 
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· Qualcomm’s proposal in R4-114211:

· Proposal 1: For 8Tx single and multiple PMI tests high spatial correlation should be applied.
· Proposal 2: For testing W2 it is proposed to use high correlation model, PUSCH 3-1 reporting mode and to measure the throughput ratio for fixed W1, selected W2 versus fixed W1, random W2.
· Proposal 3: For testing W1 it is proposed to use the high correlation applying one randomizing angle (0, PUSCH 1-2 reporting mode and to measure the throughput ratio for follow PMI over random PMI.
· Renesas’s proposal in R4-114249:
· Proposal 1: 
For 8-Tx single-PMI & multiple-PMI tests, select high spatial correlation.
· Proposal 2:
For 8-Tx single-PMI test, randomize the principal channel direction under high spatial correlation.
· Proposal 3: 
For 8-Tx PMI tests, further study the merits of separate vs. joint testing of W1 & W2 components.
· Proposal 4:
Further study the choice of test metric(s) and throughput reference(s).
· Intel proposals in R4-114094:

· Proposal 1: Use feedback mode 1-1 for single PMI W1 and W2 test. 

· Proposal 2: Use high correlation channel with phase rotation as proposed in [2] for W1 test.

· Proposal 3: Use random W1 and W2 throughput in the denominator of the throughput ratio for the single PMI test

· Proposal 4: Consider using higher rank or higher MCS for more proper SNR testing point

· Proposal 5: Consider using lower throughput ratio, such as 10% or 20%, to define SNRrnd 

· Proposal 6: Use feedback mode 1-2 for multiple PMI W2 test. 

· Proposal 7: Use high correlation channel with i1=1 for W2 test.

· Proposal 8: Use i1=1 and random W2 throughput in the denominator of the throughput ratio for the multiple PMI test

· ZTE proposals in R4-114021:
· Proposal1: Low spatial correlation channel might be more suitable for W2 test in multiple PMI.
· Proposal2: Random W1 & W2 should be the reference for random precoding for W1 test. And follow W1 & random W2 should be the reference for random precoding for W2 test.
· Proposal3: The test point of W1 for 8Tx PMI reporting might be set to 30% of the maximum throughput of the random precoding in high correlation.
· CATT proposals in R4-114119:
· Proposal 1: Utilize the complex-valued correlation matrix for 8-Tx PMI reporting test.

· Proposal 2: Setting up the change rate of  according to those principles to ensure both PMI reporting gain and test coverage.

· Proposal 3: Setting up “follow w1, random w2” in addition to “random w1, random w2” in the test metric to test w1 and w2 separately.
· Ericsson/ST-Ericsson proposal in R4-114407:

Test 1: 
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Where 
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 is the throughput obtained at the SNR specified by the test using random precoding for both W1 and W2, and 
[image: image5.wmf]2

,

1

,

follow

follow

ue

t

 the throughput measured with precoder W1 and W2 configured according to the UE reports at the same SNR level.
· Samsung proposal in R4-114694:

· Choose PUCCH 1-1 sub-mode1 if RAN4 decide to use following PMI instead of fixed PMI in CQI test.
· For PMI tests with 8 CSI-RS ports:
· For channel correlation: current high correlation channel seems unfeasible due to the fixed PMI i1 distribution.  Low channel correlation or a new high correlation channel with random principal direction as proposed in [3] can be considered. But the latter one may lead to high complexity, thus some simplification should be considered.
· For test metrics: we propose to test PMI i1 and i2 separately. For example, the implementation of PMI i1 selection can be verified by the performance gain of follow i1/fixed i2 over random i1/fixed i2.
· The modified reference channel for CQI and PMI test in Table A.4 of [1] is provided in the annex.
Discussion points:
· Spatial correlation:

· Single PMI = [high]

· Multiple PMI = [high]

· Randomisation of principle channel direction:
· How to model?

· Do we need it for single- and/or multiple-PMI tests?

· Test metric:

· Separate or joint testing of W1 and W2?
· Reference for random precoding?

· Random W1 & random W2

· Follow W1 & random W2 

· Fixed PMI for W1 and/or W2

· Random W1 & follow W2
· Test point definition?

· Common test point @ x% of Tran
· Actual SNR test point
Agreed Way forward:
· Spatial correlation = high for both single- and multiple-PMI tests.
· How to model randomisation of principle channel direction is to be studied until RAN4#60bis.

· It is agreed that randomisation of principle channel direction is needed for the single-PMI test. As for the multiple-PMI test, it is for further study until RAN4#60bis.
· Test metric:
· Joint testing of W1 and W2 for single-PMI test and a joint metric as 
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· Multiple-PMI test is for further study until RAN4#60bis.
· On test point definition: we will first see simulation results before concluding.
1.6 RI reporting tests
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Options from R4-113900:

· Option_1: Renesas (R4-113695) 
· Option_2: Ericsson proposal 1 (R4-113637):

if T_R2 > T_R1:

    gamma_1 requirement applies

else:

    gamma_2 requirement applies
· [image: image12.wmf](
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Option_3: Ericsson proposal 2 (R4-113637): verify that the ratio of the rank-2 reports to the ratio on rank-1 reports should be larger than a prescribed value for an EPA5 channel with low correlation

· Option_4: NEC (improved by Huawei in R4-113798)
· Option_5: Huawei (R4-113798): It is proposed that the ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ g1 is also considered for all the eDL-MIMO RI tests.

· Option_6: Intel (R4-113391): Proposal 1: Keep the current RI test methodology for eDL-MIMO CSI test.
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Discussion points:
· Further evaluate at least                            and                using real simulation results and R4-114279 as the baseline assumption by RAN4#60bis?

Agreed Way forward:
· Agreed to keep all options open for another meeting. 
1.7 CSI-RS rate matching test for non-TM9 capable UEs
Discussion points:
· Option 1: Define a demod test (current proposal in R4-114210)
· Option 2: No test (we will likely to see a conformance testing WI for TM9 in RAN5) 
· Option 3: Further consideration on whether such test is needed or not until RAN4#60bis
Agreed Way forward:
· Option 3 is agreed.
2
CA UE demodulation requirements
2.1
Relative frequency error
R4-114346 (Ericsson/ST-Ericsson):
· Hence, the requirements should be set considering a maximum frequency error of <=200Hz which can be easily achieved by test equipment vendors.
R4-114723 (Ericsson/ST-Ericsson):
· Only the relative frequency offset should be considered in the UE demodulation requirements for CA.
· Any frequency offsets less than 200Hz can be accepted for test purpose.
· The SNR range should be kept below 25dB and the verification point should be 70% or 85% as stated above.
R4-114096 (Motorola Mobility):
· Proposal 1: Mandate a small frequency offset (less than 30Hz) between two intra-band component carriers at test equipments.
R4-114174 (LGE):
· Proposal 1: For sustained data rate tests, the required TB success rate should be reduced 70% within 100Hz frequency offset between CC1 and CC2.
· For CA demodulation tests with fading channel, do not consider the relaxation of performance requirement within 100Hz frequency offset between CC1 and CC2.
R4-114667 (Intel):
· To avoid much performance degradation, 60 Hz is suggested as the maximal relative frequency error between two contiguous CCs.
· The impairment simulation should use the agreed maximal frequency error to generate SNR requirements for CA demodulation tests.
R4-114233 (Qualcomm):
· It has been shown that a relative frequency error of 380Hz does not cause additional performance degradation for intra-band contiguous carrier aggregation as expected in [2].
R4-114106 (NEC):
· If test equipments can be mandated to have low frequency difference error (≤ 100Hz), define all intra-band contiguous CA requirements using the building block approach, i.e. reuse the existing Rel-8/9 requirements wherever possible or simulate with zero frequency difference error. Inform RAN5 accordingly of this agreement and that future test tolerance study in RAN5 does not need to take into account of frequency difference error.
R4-114532 (Samsung):
· Therefore, we propose that the maximum frequency error that TE vendors could specify is 60Hz over 1 ms period. If maximum 100Hz frequency error is specified, some additional margin may be needed for CA test case, e.g. 0.5dB. Furthermore, even if maximum 100Hz is not achievable in TE, it may be necessary to consider modelling frequency error when defining the performance requirement for CA UE demodulation.
R4-114252 (Renesas):
In case limiting frequency error to 10 Hz is not feasible from the TE implementation point of view, the following can be considered:
Proposal 1B:
· The frequency error is limited to 30 Hz in both intra and inter band CA test cases

· A fixed extra margin is added to the demodulation requirement to account for the loss due to the frequency error. Alternatively, the frequency error can be modelled in the simulations targeting for the minimum requirements, assuming no per CC frequency correction as a baseline.

· No extra margin due to CA-specific RX EVM is added to the demodulation test cases.

· The combined impact of the RX EVM and frequency error is taken into account when selecting the reference values (and possibly code rate) for the sustained data rate test FDD and TDD tests. A UE having no per CC frequency correction capability is assumed as a baseline in both alignment and impairment simulations.
Discussion points:

· Define CA demodulation requirements assuming a maximum relative frequency error of 30Hz in test equipments?

· Re-use existing Rel-8/9 requirement wherever possible and provide simulation results only for new scenarios.
· For sustained data rate test (UE Cat. 6&7) with CA capability, use the same requirement value as the other Cat. 6&7 test without CA capability? Slightly lower requirement?
Agreed Way forward:
· Define CA demodulation requirements assuming a maximum relative frequency error of 30Hz in test equipments with side conditions of 1ms as the measurement period and 80MHz as the measurement bandwidth.
2.2 Margin [TBD] dB to account for additional CA RF impairments
R4-114346 (Ericsson/ST-Ericsson):
· No explicit RF impairments model need to be specified for intra- and inter-band carrier aggregation. Nor a maximum amount of EVM should be defined. Companies can take into account the RF impairments into the proposed margin as done for Release 8.
R4-114096 (Motorola):

· Apply intra-band CA specific margins based on operating SNR values as given in Table 1.
Table 1 Margins for intra-band CA UE performance requirements

	Es/No (dB)
	Effective SNR (dB)
	Degradation in effective SNR (dB)
	Proposed margin (dB)

	
	Rel-8/9 single carrier UE
	Re-10 
CA UE
	
	

	-2
	-2.01
	-2.01
	2.24E-03
	0.1

	0
	-0.01
	-0.02
	3.54E-03
	0.1

	2
	1.98
	1.97
	5.60E-03
	0.1

	4
	3.97
	3.96
	8.85E-03
	0.1

	6
	5.95
	5.93
	1.40E-02
	0.1

	8
	7.91
	7.89
	2.19E-02
	0.1

	10
	9.86
	9.83
	3.43E-02
	0.1

	12
	11.79
	11.73
	5.33E-02
	0.1

	14
	13.67
	13.59
	8.20E-02
	0.1

	16
	15.49
	15.36
	1.24E-01
	0.2

	18
	17.21
	17.03
	1.83E-01
	0.2

	20
	18.81
	18.54
	2.62E-01
	0.3

	22
	20.24
	19.88
	3.60E-01
	0.4


Discussion points:

· Do we need to add these margins for CA demod requirements?

· Can we agree on any of these proposed values?

Agreed Way forward:
· Offline discussion needed to reach a way forward due to lack of time.
2.3 UE demodulation requirements with power imbalance
R4-114725 (Huawei)
· Use maximum code rate with TM1 and 2x20MHz, -85dBm/15KHz for PCC power level and 6dB imbalance for the power imbalance test.
	Parameter
	Unit
	Value

	Bandwidth class
	MHz
	2x20, Class C

	Transmission mode
	
	1

	Antenna configuration
	
	1x2

	CodeBookSubsetRestriction bitmap
	
	n/a

	Downlink power allocation
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	Symbols for unused PRBs
	
	OCNG

	Number of HARQ process
	Process
	8

	Maximum number of HARQ
	
	4

	Redundancy version coding sequence
	
	{0,0,1,2}

	Number of OFDM symbols for PDCCH
	OFDM symbols
	2

	UE category
	
	5-8

	Measurement channel
	
	[TBD] Maximum code rate

	Test Metric
	
	Relative Throughput ([49%])

	Note 1:
No external noise sources are applied


Discussion points:

· Coding rate / TBS = 64QAM (3/4, 5/6, max code rate)?
· Number of OFDM symbols = 1 or 2?
· Alignment results to RAN4#60bis according to R4-114632 (Table 3)?
Agreed Way forward:
· Offline discussion needed to reach a way forward due to lack of time.
2.4
CA soft channel buffer testing

R4-114280 (NTT DoCoMo):
	Channel BW
	MCS
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	Applicable UE categories/capabilities

	
	
	
	
	Fraction of Maximum Throughput
	SNR (dB)
	UE Cat
	MIMO
capability
(1)
	CA capability
(2)

	2 x 10 MHz
	64QAM
3/4

(TM3)
	Static
	Clause B.1

(2x2)
	TBD
	TBD
	3
	2
	xA-yA, xB, or xC


R4-114234 (Qualcomm):

Proposal 1: The FDD SIMO test case for 2x20 MHz introduced in [2] should be extended to UE categories 3 and 4 since no soft buffer limitation occurs.

Proposal 2: A demodulation test should be introduced for UE categories 3 and 4 applying TM3 rank 2 in 2x20 MHz to test performance in case of soft buffer limitation. The modulation and coding scheme should be either 16QAM-1/2 or 64QAM-3/4.

Proposal 3: The soft buffer limitation test should verify the soft management. Availability of a good soft buffer management should be tested by defining the sequence of redundancy versions suitably.
Proposal 4: The SNR requirement could be defined for 30% of peak throughput if the 70% throughput ratio does not allow sufficient performance differentiation.
Discussion points:

· One test scenario for CA instantaneous buffer for Category 3 and [4] FDD and TDD UEs
· Channel BW = [10+10]
· MCS = [64QAM ¾]
· Channel model = [static]
· Transmission mode = 1 (Rank-1 transmission) or 3 (Rank-2 transmission)

· Verification point @ [30]%
Agreed Way forward:
· Offline discussion needed to reach a way forward due to lack of time.
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