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1 Introduction
In RAN4#72bis, a WF [1] was agreed upon for LC-MTC CSI:
· CQI table
· Resource block size per CQI index
· Option 1: Using 36.101 methodology with fixed # of RBs for all modulation orders
· 2 PRB for all modulation orders
· Option 2: Using 36.101 methodology with fixed # of RBs per modulation order
· 6 PRB for QPSK
· 3 PRB for 16QAM
· 1 PRB for 64QAM
· Feedback mode
· Max number of HARQ transmissions  = 1
· System BW: 10MHz
· PUCCH 1-0 TM1 1x1 static test (9.2.1.1)
· AWGN
· [CQI period for Full/Half-duplex FDD is 40ms]
· FFS for 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]
In this contribution we provide simulation results for PUCCH 1-0 test case.
2 CQI Tables
Option 1: Table 1 shows the CQI table used for option 1 in the simulations in this paper (for 1 CRS port/3 CFI).
Table 1: CQI table for option 1
	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
	0.7619
	25
	2
	1128
	1512

	14
	64QAM
	0.8525
	0.8466
	27
	2
	1256
	1512

	15
	64QAM
	0.9258
	0.8466
	27
	2
	1256
	1512


Note1: Sub-frame#0 and #5 are not used for the corresponding requirement.
Option 2: Table 2 shows the CQI table used for option 2 in the simulations in this paper (for 1 CRS port/3 CFI).
Table 2: CQI table for option 2

	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
	0.1164
	0
	6
	152
	1512

	2
	QPSK
	0.1172
	0.1164
	0
	6
	152
	1512

	3
	QPSK
	0.1885
	0.1852
	2
	6
	256
	1512

	4
	QPSK
	0.3008
	0.2857
	4
	6
	408
	1512

	5
	QPSK
	0.4385
	0.4127
	6
	6
	600
	1512

	6
	QPSK
	0.5879
	0.5503
	8
	6
	808
	1512

	7
	16QAM
	0.3691
	0.3492
	11
	3
	504
	1512

	8
	16QAM
	0.4785
	0.4656
	13
	3
	680
	1512

	9
	16QAM
	0.6016
	0.6138
	16
	3
	904
	1512

	10
	64QAM
	0.4551
	0.4656
	18
	1
	328
	756

	11
	64QAM
	0.5537
	0.5714
	21
	1
	408
	756

	12
	64QAM
	0.6504
	0.6772
	23
	1
	488
	756

	13
	64QAM
	0.7539
	0.7619
	25
	1
	552
	756

	14
	64QAM
	0.8525
	0.8466
	27
	1
	616
	756

	15
	64QAM
	0.9258
	0.8466
	27
	1
	616
	756


Note1: Sub-frame#0 and #5 are not used for the corresponding requirement.
3 PUCCH 1-0 TM1 1x1 static test (9.2.1.1)
Figure 1 and table 3 show the simulation results for PUCCH 1-0 TM1 1x2 static test for metrics 1 and 2, respectively, namely:
· Metric 1: the reported CQI value shall be in the range of ±1 of the reported median more than 90% of the time.
· Metric 2: 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.
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Figure 1: PUCCH 1-0 CQI Static test (Metric 1)


Table 3: PUCCH 1-0 CQI Static test (Metric 2)
	PDSCH
BLER
	CQI Table Option1
	CQI Table Option2

	
	1Rx
	2Rx
	1Rx
	2Rx

	SNR
	Median CQI - 1
	Median CQI + 1
	Median CQI - 1
	Median CQI + 1
	Median CQI - 1
	Median CQI + 1
	Median CQI - 1
	Median CQI + 1

	-4
	0.02
	0.66
	0.00
	0.90
	0.00
	0.72
	0.00
	1.00

	-3
	0.00
	0.94
	0.00
	0.33
	0.00
	1.00
	0.00
	0.54

	-2
	0.00
	0.55
	0.00
	0.94
	0.00
	0.66
	0.00
	0.99

	-1
	0.00
	0.90
	0.00
	0.39
	0.00
	1.00
	0.00
	0.29

	0
	0.00
	0.33
	0.00
	0.96
	0.00
	0.53
	0.00
	0.98

	1
	0.00
	0.95
	0.00
	0.36
	0.00
	0.99
	0.00
	0.36

	2
	0.00
	0.38
	0.00
	0.96
	0.00
	0.27
	0.00
	0.99

	3
	0.00
	0.96
	0.00
	0.31
	0.00
	0.99
	0.00
	0.39

	4
	0.00
	0.37
	0.00
	1.00
	0.00
	0.35
	0.00
	1.00

	5
	0.00
	0.96
	0.00
	0.81
	0.00
	0.99
	0.00
	0.78

	6
	0.00
	0.31
	0.00
	1.00
	0.00
	0.39
	0.00
	0.99

	7
	0.00
	1.00
	0.00
	0.83
	0.00
	1.00
	0.00
	0.63

	8
	0.00
	0.81
	0.00
	1.00
	0.00
	0.79
	0.00
	0.99

	9
	0.00
	1.00
	0.00
	0.75
	0.00
	0.98
	0.00
	0.68

	10
	0.00
	0.84
	0.00
	1.00
	0.00
	0.64
	0.00
	1.00

	11
	0.00
	1.00
	0.00
	0.87
	0.00
	0.99
	0.00
	0.79

	12
	0.00
	0.75
	0.00
	1.00
	0.00
	0.69
	0.00
	0.97

	13
	0.00
	1.00
	0.00
	0.61
	0.00
	1.00
	0.00
	0.50

	14
	0.00
	0.87
	0.00
	0.98
	0.00
	0.80
	0.00
	0.93


From the results above, it can be seen that the 2 metrics are feasible for the 2 CQI tables. 

Observation 1: Both metrics for PUCCH 1-0 Static test are feasible for both the options for the CQI table.

For CQI table option 1, we need however to restrict the SNR such that the CQI sent is not exceeding CQI 12. This is because for the CQI table, any CQI > 12 will yield a TBS > 1000 bits which is out of scope for Rel 12 LC-MTC. 

This means that the SNR should be chosen such that max reported CQI is no more than 12, and the median CQI sent is no more that 11 (since we need to have BLER requirements @ median CQI + 1).

Figure 2 shows the median and max reported CQI. From the figure it can be seen that up to SNR 14 dB, the max reported CQI is not > 12 and the median CQI is not > 11. 
Observation 2: The currently defined SNR values of {0,1} dB and {6,7} dB are acceptable for the LC-MTC CQI static test by using either of the 2 suggested CQI tables.
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Figure 2: Reported CQI


Proposal 1: Consider reusing the existing RAN4 SNR ({0,1} dB and {6,7} dB) values for the Rel 12 LC-MTC PUCCH 1-0 Static Test.
4 CQI Table Down Selection

To be compliant with the current RAN4 specifications where the number of RBs is fixed for the CQI table, we prefer that table option 1 is used. However, to also satisfy the maximum TBS of 1000 bits requirements/limitations for LC-MTC, we need to modify the table accordingly. This means that CQI > 12 would be limited to 1000 bits and the coding rate achieved would deviate from the RAN1 defined coding rates. 
This will lead to the table shown in table 4.

Table 4: Modified CQI table for option 1
	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
	25
	2
	1000
	1512

	14
	64QAM
	0.8525
	0.6772
	27
	2
	1000
	1512

	15
	64QAM
	0.9258
	0.6772
	27
	2
	1000
	1512


Note1: Sub-frame#0 and #5 are not used for the corresponding requirement.
Proposal 2: Consider using CQI table option 1 for LC-MTC CSI tests with modifications such that CQI > 12 would have TBS of 1000 bits.
5 Conclusions
In this contribution we presented static CQI test results and provided our view on CQI table down selection. 

Proposal 1: Consider reusing the existing RAN4 SNR ({0,1} dB and {6,7} dB) values for the Rel 12 LC-MTC PUCCH 1-0 Static Test.
Proposal 2: Consider using CQI table option 1 for LC-MTC CSI tests with modifications such that CQI > 12 would have TBS of 1000 bits.
	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
	25
	2
	1000
	1512

	14
	64QAM
	0.8525
	0.6772
	27
	2
	1000
	1512

	15
	64QAM
	0.9258
	0.6772
	27
	2
	1000
	1512


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

[1] R4-146632, “Way forward on MTC demodulation and CSI test”, Ericsson, MediaTek, Qualcomm, Huawei, Intel, 3GPP TSG-RAN WG4 Meeting #72bis, October 2014
PAGE  
1/5

