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1 Introduction
A WI on the introduction of Band 31 was approved. Performance work has started during the ad Hoc meeting in June. During RAN 4 #67 ad Hoc the following have been agreed:

· CQI test: 

· Introduce new test to verify CQI definition under AWGN conditions:

· Reporting mode PUCCH 1-0

· single codeword following Section 9.2.1.1
· Introduce new test to verify CQI accuracy under frequency non selective fading conditions
· Reporting mode: Wideband CQI reporting: PUCCH 1-0 

· Test following Section 9.3.2.1.

· Companies are encouraged to provide simulation results according to the legacy metrics for SNR region  (-2dB ~ 16dB with 1 dB step).

· PMI

· Do not introduce new PMI tests

· RI test and CQI frequency-selective test: 

· Frequency-selective CQI test and RI test will be discussed after the LTE450 WI is finalized.

· When defining the requirements with 5MHz, follow the existing requirements in Rel-10 for RI (metric for test 3).
Corresponding CR is in R4-AH67-0080, [1].

2 CQI tests
2.1 CQI test under AWGN conditions
· CQI reporting under AWGN tests:  PUCCH 1-0 reporting mode. This test verifies that CQI follows the RAN 1 definition for single code-words transmission. 
Table 9.2.1.1-2: PUCCH 1-0 static test (FDD 5MHz)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	5

	PDSCH transmission mode
	
	1

	Downlink power allocation
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	Propagation condition and antenna configuration
	
	AWGN (1 x 2)

	SNR (Note 2)
	dB
	[0]
	[1]
	[6]
	[7]
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	 dB[mW/15kHz]
	[-98]
	[-97]
	[-92]
	[-91]
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	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI reporting
	
	PUCCH Format 2

	PUCCH Report Type
	
	4

	Reporting periodicity 
	ms
	Npd = 5

	cqi-pmi-ConfigurationIndex
	
	6

	Note 1:
Reference measurement channel according to Table A.4-1 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.


The reference channel is specified as follows (Table A.4-1 in 36.101).
Table A.4-1: Reference channel for CQI requirements (FDD) full PRB allocation (CRS)

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	6
	15
	25
	50
	75
	100

	Subcarriers per resource block
	
	12
	12
	12
	12
	12
	12

	Allocated subframes per Radio Frame
	
	8
	8
	8
	8
	8
	8

	Modulation
	
	
	
	Table A.4-3h
	Table A.4-3
	Table A.4-3a
	
	Table A.4-3g

	Target coding rate
	
	
	
	Table A.4-3h
	Table A.4-3
	Table A.4-3a
	
	Table A.4-3g

	Number of HARQ Processes
	Processes
	8
	8
	8
	8
	8
	8

	Maximum number of HARQ transmissions
	
	1
	1
	1
	1
	1
	1

	Note 1:
3 symbols allocated to PDCCH.

Note 2:
Only subframes 1,2,3,4,6,7,8, and 9 are allocated to avoid PBCH and synchronization signal overhead.


And the new CQI table is defined in A.4-3h:
Table A.4-3h: Transport format corresponding to each CQI index for 25 PRB allocation single antenna transmission (CRS)
	CQI index
	Modulation
	Target code rate 
	Imcs
	Information Bit Payload
	Binary Channel Bits Per Sub-Frame

	0
	out of range
	out of range
	DTX
	-
	-

	1
	QPSK
	0.0762
	0
	680
	6300

	2
	QPSK
	0.1172
	0
	680
	6300

	3
	QPSK
	0.1885
	2
	1096
	6300

	4
	QPSK
	0.3008
	4
	1800
	6300

	5
	QPSK
	0.4385
	6
	2600
	6300

	6
	QPSK
	0.5879
	8
	3496
	6300

	7
	16QAM
	0.3691
	11
	4392
	12600

	8
	16QAM
	0.4785
	13
	5736
	12600

	9
	16QAM
	0.6016
	16
	7736
	12600

	10
	64QAM
	0.4551
	18
	7992
	18900

	11
	64QAM
	0.5537
	21
	10680
	18900

	12
	64QAM
	0.6504
	23
	12576
	18900

	13
	64QAM
	0.7539
	25
	14112
	18900

	14
	64QAM
	0.8525
	27
	15840
	18900

	15
	64QAM
	0.9258
	27
	15840
	18900

	Note1:
Sub-frame#0 and #5 are not used for the corresponding requirement.


The requirement is fulfilled if the reported CQI value according to Table A.4-1 is 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 is less than or equal to 0.1, the BLER using the transport format indicated by the (median CQI + 1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, the BLER using transport format indicated by (median CQI – 1) shall be less than or equal to 0.1.
Table 1 provides the simulation results for the legacy SNR test points. Test 2 shows the results for SNR=-9:20dB.
Table 1. simulation results for the legacy SNR test points
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Table 2. Simulation  results for SNR=-9:20dB.
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Proposal 1: Considering the simulation results, it may be beneficial to change the SNR conditions, e.g. SNR=-1, -2 and 4 and 5. 
2.2 CQI tests under fading conditions
These tests are used in order to verify the accuracy of the CQI reporting.
2.2.1 PUCCH 1-0 CQI: Wideband CQI with frequency non-selective fading

For the CQI test aiming at verifying the wideband CQI, the following table (Table 6) can be used for the alignment of the results and the definition of the requirements as in [1]. 
Table 9.3.2.1.1-3 Fading test for single antenna (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	5 MHz

	Transmission mode
	
	1 (port 0)

	Downlink power allocation
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	SNR (Note 3)
	dB
	TBD
	TBD
	TBD
	TBD
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	dB[mW/15kHz]
	-92
	-91
	-86
	-85
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	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	EPA5

	Correlation and antenna configuration
	
	High (1 x 2)

	Reporting mode
	
	PUCCH 1-0

	Reporting periodicity
	ms
	Npd = 2

	CQI delay
	ms
	8

	 Physical channel for CQI reporting
	
	PUSCH (Note 4)

	PUCCH Report Type
	
	4

	cqi-pmi-ConfigurationIndex
	
	1

	Max number of HARQ transmissions
	
	1

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink SF not later than SF#(n-4), this reported wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-1 for Category 2-8 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1 and Table A.4-7 for Category 1 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.Note 3:
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 4:
To avoid collisions between CQI 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#1, #3, #7 and #9 to allow periodic CQI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#5, #7, #1 and #3.


The following RMC can be considered for Cat 2-8 UEs:

Table A.4-1: Reference channel for CQI requirements (FDD) full PRB allocation (CRS)

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	6
	15
	25
	50
	75
	100

	Subcarriers per resource block
	
	12
	12
	12
	12
	12
	12

	Allocated subframes per Radio Frame
	
	8
	8
	8
	8
	8
	8

	Modulation
	
	
	
	Table A.4-3h
	Table A.4-3
	Table A.4-3a
	
	Table A.4-3g

	Target coding rate
	
	
	
	Table A.4-3h
	Table A.4-3
	Table A.4-3a
	
	Table A.4-3g

	Number of HARQ Processes
	Processes
	8
	8
	8
	8
	8
	8

	Maximum number of HARQ transmissions
	
	1
	1
	1
	1
	1
	1

	Note 1:
3 symbols allocated to PDCCH.

Note 2:
Only subframes 1,2,3,4,6,7,8, and 9 are allocated to avoid PBCH and synchronization signal overhead.


Table A.4-3h introduced above (Section 2.1) can be reused as basis for the transport format selection for cat 2-8 UE. 
The following RMC is considered for category 1 UEs

Table A.4-7: Reference channel for CQI requirements (FDD) partial PRB allocation (CRS)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	
	15

(Note 3)
	15

(Note 3)
	
	

	Subcarriers per resource block
	
	
	12
	12
	
	

	Allocated subframes per Radio Frame
	
	
	8
	8
	
	

	Modulation
	
	Table A.4-9

	Target coding rate
	
	Table A.4-9

	Number of HARQ processes
	
	
	8
	8
	
	

	Maximum number of HARQ transmissions
	
	
	1
	1
	
	

	Note 1:
3 symbols allocated to PDCCH.

Note 2:
Only subframes 1,2,3,4,6,7,8, and 9 are allocated to avoid PBCH and synchronization signal overhead.

Note 3:
Centered within the Transmission Bandwidth Configuration (Figure 5.6-1).


Table A.4-9 can be reused for the Transport block size selection.

The minimum requirements are specified via the following metrics:
by the following 

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

Table 3 provides the simulation results for the legacy SNR points. Table 4 provides the simulation results for SNR=5-20dB.
Table 3. Simulation results for the legacy SNR points.
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Table 4. Simulation results for SNR=5-20dB. P(m+/-1)_CW is the probability of CQI index in {median CQI -1, median CQI +1}
[image: image12.emf]
Proposal 2: it is proposed to reuse the legacy SNR levels. The proposal for the metrics is as follows:
Table 9.3.2.1.1-4 Minimum requirement (FDD)

	
	Test 1
	Test 2

	 [%]
	25
	30

	 
	1.15
	1.15

	UE Category
	1-8
	1-8


3 Conclusions

In this document we have provided the simulation results for the CQI tests to be introduced with 5MHz bandwidth. The proposals are as follows
Proposal 1: For AWGN test, considering the simulation results, it may be beneficial to change the SNR conditions, e.g. SNR=-1, -2 and 4 and 5. 

Proposal 2: it is proposed to reuse the legacy SNR levels. The proposal for the metrics is as follows:
Table 9.3.2.1.1-4 Minimum requirement (FDD)

	
	Test 1
	Test 2

	 [%]
	25
	30

	 
	1.15
	1.15

	UE Category
	1-8
	1-8
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