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1
Introduction
RAN4#81 agreed with the simulation assumption for CQI test requirements for UE Cat-1 with single Rx [1][2]. In this contribution we show our simulation results.
2
CQI definition test
2.1
Simulation parameters
Table 1 is the simulation parameters for CQI definition test agreed in [2]. 
Table 1
CQI definition test parameters for FDD
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	1

	Downlink power allocation
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	Propagation condition and antenna configuration
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	SNR (Note 2)
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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 RC.4 FDD according to Table A.4-1 with one/two sided dynamic OCNG Pattern OP.1/OP.2 FDD as described in Annex A.5.1.1/A.5.1.2.

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.


2.2
Simulation result
We have evaluated the simulation result with the same metric as the CQI definition test for UE category 0 as follows:

the reported CQI value according to RC.4 FDD in Table A.4-1 shall be 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.
Figure 2 shows the median CQI from the follow-CQI simulation result. When RAN4 set the SNR test points for CQI definition test for UE category 0, we chose the test points 0/1dB and 6/7dB in order to cover lower modulations QPSK and 16QAM. From our simulation results, it is observed that the follow-CQI result is very close to the category 0 result. Therefore, we propose to set the set SNR test points for the CQI definition test for UE category 1 with single Rx. 
Proposal 1: Set SNR test points to 0/1dB and 6/7dB for CQI definition test for UE category 1 test with single Rx. 
Table 2 is the BLER analysis for each SNR test point. It is observed that the metric for the existing CQI definition test is satisfied with UE category 1 with single Rx also.  
Proposal 2: For CQI definition test of UE category 1 with single Rx, use the same metric as UE category 0. 
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Figure 2
Median CQI for CQI definition test.

Table 2
Simulation results of CQI definition test

	SNR [dB]
	Median CQI
	Probability of median CQI +/- 1 [%]
	BLER at fixed median CQI
	BLER at fixed median CQI-1
	BLER at fixed median CQI+1

	-4
	2
	100
	0.00
	0.00
	0.82

	-3
	3
	99.5
	0.02
	0.00
	1.00

	-2
	3
	100
	0.00
	0.00
	0.93

	-1
	4
	100
	0.01
	0.00
	1.00

	0
	4
	100
	0.00
	0.00
	0.92

	1
	5
	100
	0.01
	0.00
	1.00

	2
	5
	100
	0.00
	0.00
	0.88

	3
	6
	100
	0.00
	0.00
	1.00

	4
	6
	100
	0.00
	0.00
	0.90

	5
	7
	100
	0.00
	0.00
	1.00

	6
	7
	100
	0.00
	0.00
	0.74

	7
	8
	100
	0.00
	0.00
	1.00

	8
	8
	100
	0.00
	0.00
	0.86

	9
	9
	100
	0.00
	0.00
	1.00

	10
	9
	100
	0.00
	0.00
	0.64

	11
	10
	100
	0.00
	0.00
	1.00

	12
	10
	100
	0.00
	0.00
	0.94

	13
	11
	100
	0.01
	0.00
	1.00

	14
	11
	100
	0.00
	0.00
	0.95

	15
	12
	100
	0.01
	0.00
	1.00


3
CQI fading test
3.1
Simulation parameters

Table 3 the simulation parameters for CQI definition test agreed in [2].
Table 3
CQI fading test parameters for FDD

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Downlink power allocation
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	Propagation channel
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	Antenna configuration
	
	1 x 1

	Reporting interval
	ms
	5

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 3-0

	Sub-band size
	RB
	6 (full size)

	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 subframe not later than SF#(n-4), this reported subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel RC.3 FDD according to Table A.4-1 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.


3.2
Simulation result

We have evaluated the CQI fading test using the same metric as UE category 0 follows:

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]. 

Table 4 shows the wideband median CQI and BLER from the follow-CQI/best sub-band simulation result. Tput gain is a ratio between the throughput of the follow-CQI with the best sub-band and throughput of the wideband median CQI with random sub-band. Figure 2 shows the median wideband CQI and throughput gain over SNR. 
When we look the existing fading CQI test for UE category 0, the SNR test points are set to 8/9dB and 13/14dB. We don’t see any significant difference between Cat-0 and Cat-1 with single Rx with regard to the reported median wideband CQI [3]. Therefore, we propose to reuse the same metric and SNR test points for Cat-1 with single Rx also. 
Proposal 3: For CQI fading test for UE category 1 with single Rx, reuse the same metric as CQI fading test for UE category 0. 

Proposal 4: Set SNR test points to 8/9dB and 13/14dB for CQI fading test for UE category 1 test with single Rx. 

Regarding the requirements, we observe the throughput gain (gamma) of Cat-1 with single Rx is slight larger than Cat-0 results. We think this is because the number of resource blocks used for test; Cat-0 case allocates only 2RB due to the limitation of the maximum transport block size although Cat-1 can allocate 6PRB. We therefore propose to set higher throughput gain compared with Cat-0 but we keep α/β and BLER. 
Proposal 5: Set the requirements for the CQI fading test for UE category 1 with single Rx as follows:

· α = 2%, β = 55%

· γ = 1.2
· BLER should be larger than 0.05
Table 4
Simulation result of subband CQI test.

	SNR [dB]
	BLER
	Wideband median CQI
	Tput gain
	Sub-band differential CQI offset level of 0 [%]

	0
	0.14
	4
	1.97
	24.67

	1
	0.17
	4
	2.04
	20.17

	2
	0.18
	5
	1.92
	20.56

	3
	0.23
	5
	1.96
	18.00

	4
	0.19
	5
	2.08
	17.06

	5
	0.21
	6
	2.13
	9.78

	6
	0.22
	7
	1.82
	15.61

	7
	0.21
	7
	1.94
	15.94

	8
	0.17
	8
	2.00
	16.89

	9
	0.24
	8
	1.80
	15.00

	10
	0.17
	8
	1.88
	15.61

	11
	0.28
	9
	1.71
	11.17

	12
	0.23
	9
	1.79
	7.67

	13
	0.31
	10
	1.64
	12.89

	14
	0.22
	10
	1.84
	13.33

	15
	0.31
	11
	1.63
	12.83

	16
	0.24
	11
	1.75
	11.72

	17
	0.19
	11
	1.80
	13.11

	18
	0.27
	12
	1.71
	12.11

	19
	0.22
	12
	1.76
	9.22
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Figure 2
(Top) Wideband median CQI and (Bottom) throughput gain.
4
Conclusion

Proposal 1: Set SNR test points to 0/1dB and 6/7dB for CQI definition test for UE category 1 test with single Rx. 
Proposal 2: For CQI definition test of UE category 1 with single Rx, use the same metric as UE category 0. 

Proposal 3: For CQI fading test for UE category 1 with single Rx, reuse the same metric as CQI fading test for UE category 0. 

Proposal 4: Set SNR test points to 8/9dB and 13/14dB for CQI fading test for UE category 1 test with single Rx. 

Proposal 5: Set the requirements for the CQI fading test for UE category 1 with single Rx as follows:

· α = 2%, β = 55%

· γ = 1.2
· BLER should be larger than 0.05
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