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1. Introduction
In RAN4#73, test configurations and RMC details for LC-MTC UE CQI tests were agreed as in WF [1].

· CQI table for CQI definition test and fading test
· Using 36.101 methodology with fixed # of RBs for all modulation orders
· 2 PRB for all modulation orders
· The detailed CQI table is shown in the next page
· Test parameters
· Max number of HARQ transmissions: 1
· System BW: 10MHz
· PUCCH 1-0 TM1 1x1 static test (9.2.1.1)
· AWGN
· SNR values: [0/1dB] and [6/7dB]
· [CQI period for Full/Half-duplex FDD is 40ms]
· Schedule RB at the PRB #[10-11] in order to avoid the edge of system bandwidth
· DCI1A, allocation type 2 to be used
· PUSCH 3-0 TM1 1x1 frequency selective test (9.3.1.1)
· Subband size = 6PRB
· Reuse channel model B.2.4 by modifying 1x1
· [CQI period for Half-duplex FDD is 8ms]
· Schedule RB at [the lower edge of subband]
· DCI1A, allocation type 2 to be used
In this contribution, we provide simulation results for CQI tests for LC-MTC UE based on agreed test set up. 

2. CSI RMC table
It was agreed to allocate 2 PRBs for all modulation order in CSI RMC for LC-MTC UE. Table 1 shows agreed CSI RMC table. Note that MCS for CQI 13, 14, and 15 are saturated to 23 due to TBS size limitation of LC-MTC UE. 
Table 1. CSI RMC table

	CQI index
	Modulation
	Target code rate
	Actual Code Rate
	Imcs
	# RBs
	Information Bit Payload
	Binary Channel Bits Per Sub-Frame

	0
	out of range
	out of range
	
	DTX
	
	-
	-

	1
	QPSK
	0.0762
	0.1111
	0
	2
	32
	504

	2
	QPSK
	0.1172
	0.1111
	0
	2
	32
	504

	3
	QPSK
	0.1885
	0.1905
	2
	2
	72
	504

	4
	QPSK
	0.3008
	0.2857
	4
	2
	120
	504

	5
	QPSK
	0.4385
	0.3968
	6
	2
	176
	504

	6
	QPSK
	0.5879
	0.5556
	8
	2
	256
	504

	7
	16QAM
	0.3691
	0.3492
	11
	2
	328
	1008

	8
	16QAM
	0.4785
	0.4603
	13
	2
	440
	1008

	9
	16QAM
	0.6016
	0.6190
	16
	2
	600
	1008

	10
	64QAM
	0.4551
	0.4762
	19
	2
	696
	1512

	11
	64QAM
	0.5537
	0.5714
	21
	2
	840
	1512

	12
	64QAM
	0.6504
	0.6772
	23
	2
	1000
	1512

	13
	64QAM
	0.7539
	0.6772
	23
	2
	1000
	1512

	14
	64QAM
	0.8525
	0.6772
	23
	2
	1000
	1512

	15
	64QAM
	0.9258
	0.6772
	23
	2
	1000
	1512


3. Simulation results

3.1. PUCCH 1-0 TM1 1x1 static test (9.2.1.1)
Table 2 shows simulation results for PUCCH 1-0 TM1 1x1 static test. We can observe that
· Reported CQI is in the set {median CQI – 1, median CQI, median CQI + 1} with probability 1.

· BLER at median CQI – 1 is lower than 10% for all CINR. 

·  BLER at median CQI + 1 is higher than 10% for all CINR.
Proposal 1. Reuse test metric and threshold of existing PUCCH 1-0 TM1 CQI definition test. 

Proposal 2. Select CINR {3, 4} dB and {9, 10} dB as test point for PUCCH 1-0 TM1 CQI definition test. 

Table 2. Simulation results for PUCCH 1-0 TM1 1x1 static test
	CINR (dB)
	Median CQI
	Prob {mCQI-1, mCQI, mCQI}
	BLER at mCQI (%)
	BLER at mCQI – 1 (%)
	BLER at mCQI + 1 (%)

	-3
	3
	1.0
	20.7
	0.07
	94.3

	-2
	3
	1.0
	18.6
	0.00
	54.6

	-1
	4
	1.0
	8.49
	0.07
	89.5

	0
	4
	1.0
	0.31
	0.00
	33.5

	1
	5
	1.0
	1.77
	0.02
	94.7

	2
	5
	1.0
	0.02
	0.00
	37.7

	3
	6
	1.0
	1.78
	0.00
	95.9

	4
	6
	1.0
	0
	0.00
	36.9

	5
	7
	1.0
	1.21
	0.00
	96.3

	6
	7
	1.0
	0
	0.00
	31.4

	7
	8
	1.0
	0.938
	0.00
	99.9

	8
	8
	1.0
	0
	0.00
	80.9

	9
	9
	1.0
	9.28
	0.00
	100

	10
	9
	1.0
	0.14
	0.00
	83.6

	11
	10
	1.0
	9.44
	0.02
	99.9

	12
	10
	1.0
	0.07
	0.00
	75

	13
	11
	1.0
	6
	0.00
	100

	14
	11
	1.0
	0.05
	0.00
	86.8

	15
	12
	1.0
	12.3
	0.00
	99.7

	16
	12
	1.0
	0.09
	0.00
	60.9


3.2. PUSCH 3-0 TM1 1x1 frequency selective test (9.3.1.1)
Within selected subband in both best and random subband scheduling, 5th and 6th PRBs were selected for PDSCH scheduling. In frequency selective channel, PRB 0 and 1 is supposed to suffer from worse channel estimation due to discontinued CRS support on band edge. Since subband 8 is not used for PDSCH scheduling due to smaller subband size, there is no concern for 2 right edge PRBs. If we pick up 5th and 6th PRBs within SB, we can also avoid allocating PDSCH in 2 left edge PRBs. 
Proposal 3. Allocate PDSCH on 5th and 6th PRBs within subband. 

Table 3 shows simulation results for PUSCH 1-0 TM1 1x1 frequency selective test. We can observe that

· Probability of subband CQI 0 probability is between 2% and 55% for all CINR. 
· Throughput ratio between best subband scheduling and random subband scheduling is larger than 1.1 for all CINR. 

· BLER for best subband scheduling is higher than 5% for all CINR. 
Proposal 4. Reuse test metric and threshold of existing PUSCH 3-0 TM1 frequency selective test. 
Proposal 5. Select CINR {9, 10} dB and {14, 15} dB as test point for PUSCH 3-0 TM1 frequency selective test. 

Table 3. Simulation results for PUSCH 3-0 TM1 1x1 frequency selective test

	CINR (dB)
	Median CQI
	Best SB scheduling throughput (Mbps)
	Random SB scheduling throughput (Mbps)
	Throughput ratio
	BLER with best SB scheduling
	Minimum of subband CQI 0 Prob (%)
	Minimum of subband CQI 0 Prob (%)

	-3
	3
	0.0256
	0.0113
	2.265487
	19.5
	24.8
	36.2

	-2
	3
	0.0308
	0.0132
	2.333333
	21.9
	23.1
	27.7

	-1
	4
	0.0399
	0.018
	2.216667
	15.6
	20.6
	31.9

	0
	4
	0.0459
	0.0224
	2.049107
	15.9
	21.9
	23.7

	1
	4
	0.0574
	0.0248
	2.314516
	15.2
	15.1
	26.3

	2
	5
	0.0652
	0.0336
	1.940476
	14.1
	18.2
	22.6

	3
	5
	0.0747
	0.036
	2.075
	17.6
	15.3
	20

	4
	6
	0.086
	0.0473
	1.818182
	14.9
	14.8
	19.6

	5
	6
	0.0991
	0.0513
	1.931774
	17.5
	13.9
	15.9

	6
	7
	0.105
	0.0605
	1.735537
	20.6
	12.6
	16.4

	7
	7
	0.122
	0.0662
	1.8429
	24.2
	11.6
	14.4

	8
	8
	0.129
	0.0798
	1.616541
	25.9
	11.3
	16.9

	9
	8
	0.14
	0.0886
	1.580135
	29.5
	11.2
	14.5

	10
	9
	0.16
	0.102
	1.568627
	22.5
	11.1
	15.8

	11
	9
	0.174
	0.116
	1.5
	26.2
	9.5
	13.5

	12
	10
	0.182
	0.123
	1.479675
	27.1
	11.5
	16.4

	13
	10
	0.194
	0.135
	1.437037
	31.2
	9.8
	13.4

	14
	10
	0.223
	0.143
	1.559441
	23.8
	9.7
	15.7

	15
	11
	0.242
	0.163
	1.484663
	25.3
	5.5
	10.4

	16
	11
	0.27
	0.173
	1.560694
	18.1
	8.4
	12.8

	17
	12
	0.296
	0.191
	1.549738
	14.8
	9.9
	15.1

	18
	12
	0.322
	0.202
	1.594059
	11.2
	7.2
	13.8


4. Conclusion
In this contribution, we provided simulation results for CQI test LC-MTC UE. Our proposals are
Proposal 1. Reuse test metric and threshold of existing PUCCH 1-0 TM1 CQI definition test. 

Proposal 2. Select CINR {3, 4} dB and {9, 10} dB as test point for PUCCH 1-0 TM1 CQI definition test. 

Proposal 3. Allocate PDSCH on 5th and 6th PRBs within subband. 

Proposal 4. Reuse test metric and threshold of existing PUSCH 3-0 TM1 frequency selective test. 

Proposal 5. Select CINR {9, 10} dB and {14, 15} dB as test point for PUSCH 3-0 TM1 frequency selective test. 
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