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1. Introduction 

In the RAN4#59AH meeting, impact of phase impairments to the static CQI tests was discussed [1-3] and possible solutions were summarized in [4]. The following is adopted as a way forward:

·  TE vendors to provide feedback on feasibility of option_3 by RAN4#60
·  Decide between options 1-3 during RAN4#60
In this contribution we analyze the possible solutions for the static CQI tests currently being discussed and provide the simulation results for our preferred solution.
2. Discussion
In the RAN4#59AH meeting, impact of phase impairments to the static CQI tests was analyzed in the contribution [1-3], and reached the following consensus.

·  For 2Tx rank2 transmission, phase impairments have no impact to the static CQI tests.
·  For 4Tx and 8Tx rank2 transmission based on the simulation assumptions in [5], phase impairments will make the static channel not orthogonal, and then the test may fail.
In the way forward on CSI reporting accuracy requirement, the following three possible solutions for the static CQI tests are summarized and provided for discussion in the RAN4#60 meeting. 
· Option_1: Revert back to 2x2 configuration in 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
If the TE vendors can calibrate Tx port phases and eliminate the phase impairments issue, we can continue to use the following 4x2 and 8x2 static channel model in the Annex of [5] for FDD and TDD test respectively. And the simulation assumptions in [5] for the FDD and TDD static CQI test don’t need to be modified.
·  For 4 port transmission the channel matrix is defined in the frequency domain by
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·  For 8 port transmission the channel matrix is defined in the frequency domain by
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In case TE vendors can not eliminate the phase impairments issue, we can select between option 1 and option 2 to fix the issue. In the contribution [1], the simulation results show that the impact of phase impairments to the static CQI tests can be largely improved by following precoder recommendations from the UE (follow PMI) instead of a fixed PMI. But in our opinion, using the follow PMI in CQI test will make the static CQI test more complicated. Furthermore, the accuracy of channel estimation and PMI selection also impact the test. 
In the contribution [2-3], it had been approved that phase impairments have no impact to the static CQI tests for 2Tx rank2 transmission. Therefore, option 1 is an effective solution of the phase impairments issue. Furthermore, option 1 makes the static CQI tests easier and the purpose of the test is still met if we ensure UE using CSI-RS for CQI estimation. Hence, option 1 is our preferred solution if TE vendors can not eliminate the phase impairments issue. 
In the tables 1 and 2, we provide the basic simulation assumptions for option 1, and the corresponding simulation results are listed in tables 3-6. The reference measurement channel corresponding to each CQI index for 50 PRB allocation based on CSI-RS estimation is specified in table 7.
Table.1  Initial baseline simulation assumptions for CQI reporting definition under AWGN conditions for FDD
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	9

	Downlink power allocation
	
	dB
	-3
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	dB
	-3

	CRS antenna ports number
	
	1

	Propagation condition and antenna configuration
	
	2x2 static channel

	CodeBookSubsetRestriction bitmap
	
	010000

	SNR (Note 2)
	dB
	TBD
	TBD
	TBD
	TBD
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	dB[mW/15kHz]
	TBD
	TBD
	TBD
	TBD
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	dB[mW/15kHz]
	-98
	-98

	CSI-RS SubframeConfig
	
	[1]

	CSI-RS reference signal configuration
	
	[0]

	Max number of HARQ transmissions
	
	1


	Physical channel for CQI/PMI reporting
	
	PUCCH Format 2

	PUCCH Report Type for CQI/PMI
	
	2

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	NP = 5

	CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	6

	ri-ConfigIndex
	
	1 (Note 3)

	Note 1:
Reference measurement channel according to Table [A.4-X] with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.
Note 2:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.

Note 3:
It is intended to have UL collisions between RI reports and HARQ-ACK, since the RI reports shall not be used by the eNB in this test.


Table.2  Initial baseline simulation assumptions for CQI reporting definition under AWGN conditions for TDD
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	9

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	Downlink power allocation
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	dB
	-3

	CRS antenna ports number
	
	2

	Propagation condition and antenna configuration
	
	2x2 static channel

	CodeBookSubsetRestriction bitmap
	
	010000

	SNR (Note 2)
	dB
	TBD
	TBD
	TBD
	TBD
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	dB[mW/15kHz]
	TBD
	TBD
	TBD
	TBD
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	dB[mW/15kHz]
	-98
	-98

	CSI-RS SubframeConfig
	
	[3]

	CSI-RS reference signal configuration
	
	[0]

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI/PMI reporting
	
	PUSCH (Note 3)

	PUCCH Report Type for CQI/PMI
	
	2

	PUCCH Report Type for RI
	
	3


	Reporting periodicity 
	Ms
	NP = 5

	CQI delay
	ms
	10

	cqi-pmi-ConfigurationIndex
	
	3

	ri-ConfigIndex
	
	805 (Note 4)

	ACK/NACK feedback mode
	
	Multiplexing

	Note 1:
Reference measurement channel according to Table [A.4-X] with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.
Note 2:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.

Note 3:
To avoid collisions between CQI/PMI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#3 and #8 to allow periodic CQI/PMI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#7 and #2..
Note 4:
RI reporting interval is set to the maximum allowable length of 160ms to minimise collisions between RI, CQI/PMI and HARQ-ACK reports. In the case when all three reports collide, it is expected that CQI/PMI reports will be dropped, while RI and HARQ-ACK will be multiplexed. At eNB, CQI report collection shall be skipped every 160ms during performance verification.


Table 3 and 4 show the wideband CQI PUCCH 1-1 mode simulation results for FDD under static channel.
1) Table 3 shows the distribution of the reported CQI values relative to median CQI for SNR of {10, 12, 14, 16, 18, 20} dB, respectively.
Table 3: Reported CQI indices relative to median CQI (FDD)
	
	CQI index distribution

	SNR (dB)
	-2
	-1
	0
	1
	2

	10
	0
	0
	100%
	0
	0

	12
	0
	0
	98.14%
	1.86%
	0

	14
	0
	0
	96.89%
	3.11%
	0

	16
	0
	0
	100%
	0
	0

	18
	0
	0
	98.76%
	1.24%
	0

	20
	0
	0
	100%
	0
	0


2) The PDSCH BLER results for each stream using the transport format indicated by median CQI + x and median CQI - x are shown in Table 4, where x = {1, 2}.
Table 4: BLER results for FRC transmission (FDD)
	
	
	
	BLER

	SNR (dB)
	Stream 
	-2
	-1
	0
	1
	2

	10
	1
	0
	0
	0.0125
	1
	1

	12
	
	0
	0
	0
	0.9219
	1

	14
	
	0
	0
	0.0141
	0.3766
	1

	16
	
	0
	0
	0
	0.9375
	1

	18
	
	0
	0
	0.0015
	0.1250
	1

	20
	
	0
	0
	0
	1
	-

	10
	2
	0
	0
	0.0126
	1
	1

	12
	
	0
	0
	0
	0.9198
	1

	14
	
	0
	0
	0.0138
	0.3659
	1

	16
	
	0
	0
	0
	0.9379
	1

	18
	
	0
	0
	0.0016
	0.1265
	1

	20
	
	0
	0
	0
	1
	-


Table 5 and 6 show the wideband CQI PUCCH 1-1 mode simulation results for TDD under static channel.
3) Table 5 shows the distribution of the reported CQI values relative to median CQI for SNR of {10, 12, 14, 16, 18, 20} dB, respectively.

Table 5: Reported CQI indices relative to median CQI (TDD)
	
	CQI index distribution

	SNR (dB)
	-2
	-1
	0
	1
	2

	10
	0
	0
	95.63%
	4.37%
	0

	12
	0
	0
	97.5%
	2.5%
	0

	14
	0
	0
	96.87%
	3.13%
	0

	16
	0
	0
	100%
	0
	0

	18
	0
	0
	98.75%
	1.25%
	0

	20
	0
	0
	100%
	0
	-


4) The PDSCH BLER results for each stream using the transport format indicated by median CQI + x and median CQI - x are shown in Table 6, where x = {1, 2}.
Table 6: BLER results for FRC transmission (TDD)
	
	
	
	BLER

	SNR (dB)
	Stream 
	-2
	-1
	0
	1
	2

	10
	1
	0
	0
	0.0188
	1
	1

	12
	
	0
	0
	0.0031
	0.95
	1

	14
	
	0
	0
	0.0188
	0.5437
	1

	16
	
	0
	0
	0
	0.9563
	1

	18
	
	0
	0
	0
	0.2656
	1

	20
	
	0
	0
	0
	1
	-

	10
	2
	0
	0
	0.0120
	1
	1

	12
	
	0
	0
	0.0029
	0.945
	1

	14
	
	0
	0
	0.0186
	0.5432
	1

	16
	
	0
	0
	0
	0.9565
	1

	18
	
	0
	0
	0
	0.2661
	1

	20
	
	0
	0
	0
	1
	-


Table 7: Reference measurement channel corresponding to each CQI index for 50 PRB allocation based on CSI-RS estimation
	CQI index
	Modulation
	Target code rate
	Imcs
	Information Bit Payload
	Binary Channel Bits Per Sub-Frame (Subframes 1,2,3,4,6,7,8,9)
	Actual Code rate

	
	
	
	
	(Subframes 1,2,3,4,6,7,8,9)
	
	

	0
	out of range
	out of range
	DTX
	-
	-
	-

	1
	QPSK
	0.0762
	0
	1384
	11400
	0. 1235

	2
	QPSK
	0.1172
	0
	1384
	11400
	0. 1235

	3
	QPSK
	0.1885
	2
	2216
	11400
	0. 1965

	4
	QPSK
	0.3008
	4
	3624
	11400
	0. 3200

	5
	QPSK
	0.4385
	5
	5160
	11400
	0. 4547

	6
	QPSK
	0.5879
	7
	6968
	11400
	0. 6154

	7
	16QAM
	0.3691
	10
	7992
	22800
	0. 3526

	8
	16QAM
	0.4785
	12
	11448
	22800
	0. 5053

	9
	16QAM
	0.6016
	14
	14112
	22800
	0. 6221

	10
	64QAM
	0.4551
	17
	15264
	34200
	0. 4491

	11
	64QAM
	0.5537
	19
	18336
	34200
	0. 5389

	12
	64QAM
	0.6504
	21
	21384
	34200
	0. 6288

	13
	64QAM
	0.7539
	23
	25456
	34200
	0. 7485

	14
	64QAM
	0.8525
	24
	28336
	34200
	0. 8327

	15
	64QAM
	0.9258
	25
	31704
	34200
	0. 9319

	Note1: Sub-frame#0 and #5 are not used for the corresponding requirement. The next subframe (i.e. sub-frame#1 or #6) shall be used for the retransmission.


3. Conclusions
In this contribution, we analyze the possible three solutions for the phase impairments issue in the static CQI test and provide the simulation results for our preferred solution. If the TE vendors can calibrate Tx port phases and eliminate the phase impairments issue, we can continue to use the 4x2 and 8x2 antenna configurations for FDD and TDD test respectively. In case TE vendors can not eliminate the phase impairments issue, 2x2 configuration in both FDD and TDD tests with 2 CSI-RS ports and 1 CRS port is our preferred solution for the static CQI test. Using the follow PMI in the test will make the test more complicated and the accuracy of channel estimation and PMI selection also impact the test. The simulation results for CQI static test are provided to be compared with those of other company to determine the requirements for CQI reporting under AWGN conditions.
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