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1 Introduction
In RAN4#72, a WF [1] was agreed upon for LC-MTC CSI:
· 1Rx CSI performance requirements for FDD, HD-FDD, and TDD

· Periodic CQI test: CQI definition test under AWGN with PUCCH 1-0 and TM1

· The CQI report periodicity is 40ms

· Aperiodic CQI test: frequency selective CQI test with PUSCH 3-0 and TM1 is included for consideration with no decision yet agreed

· For the demodulation performance and CSI requirements, the reference channel should comply with the RAN1 conclusions on the maximum TBs=1000 bits.

Because of the 1000 bit TBS limitation, none of the CQI tables (CSI reference measurement channels) defined in 36.101 are applicable to LC-MTC. Before studying the feasibility of CSI and start the performance work, RAN4 needs to agree on a CQI table to be used for these tests. 
In this contribution we present our views on the CQI table and propose a table to be considered. 
2 CSI reference measurement channel
36.101 section A.3.1 describes the method that is used to generate the CSI reference measurement channel (CQI table). In this paper, we try to use the same methodology to define such a table for 1 CRS port with 1000 bit TBS size limitation. The only deviation from the methodology is the variable number of RBs. In non-LC-MTC modes, the number of RBs can be assumed to be fixed and the task is to find the TBS size (MCS) that can achieve the closest code rate (spectral efficiency) to the CQI level in question. This is repeated for all CQI levels. However, for LC-MTC, because of the limitation in TBS size, certain modulation schemes can possibly support higher number of RBs than others. For example, 64QAM modulation can have max of 3 RBs that can have 1000 bit TBS size or less. While QPSK can have up to 36 RB sizes. Given this argument it may not be possible to achieve the CQI table code rates across all modulation schemes with the same number of RBs, unless a very low number of RBs (e.g. 1 RB) is used. 
In this contribution we propose 3 methods that can be used to generate LC-MTC CQI table.
The number of CFI = 3, and we 1 CRS port.

Method 1: Using 36.101 methodology with variable # of RBs
In this method, we use the same existing methodology in 36.101, but with taking the number of RBs as another variable in addition to the TBS size. Table 1 shows the result of this method using 1 CRS port and CFI = 3.
The problem with this approach is that the results are counter intuitive where the Information Bit Payload and Binary Channel Bits Per Sub-Frame are not monotonically increasing. The reason for this is that the TBS table is designed such that for each MCS, the coding rate is “almost” fixed across the RB sizes. The coding rate values for the same MCS across RBs may differ “slightly” and picking the minimum distance from the target coding rate may yield big differences in the number of RBs chosen.
Hence, using the RAN4 methodology (with number of RBs as a variable) is not a good option.
Table 1: CQI table using Method 1: Using 36.101 methodology with variable # of RBs
	CQI index
	Modulation
	Target code rate 
	Actual Code Rate
	Code Rate Delta
	Imcs
	# RBs
	Information Bit Payload
	Binary Channel Bits Per Sub-Frame

	0
	out of range
	out of range
	 
	 
	DTX
	 
	-
	-

	1
	QPSK
	0.0762
	0.1058
	0.0296
	0
	3
	56
	756

	2
	QPSK
	0.1172
	0.1164
	-0.0008
	0
	12
	328
	3024

	3
	QPSK
	0.1885
	0.1905
	0.0020
	2
	2
	72
	504

	4
	QPSK
	0.3008
	0.3069
	0.0061
	4
	3
	208
	756

	5
	QPSK
	0.4385
	0.4233
	-0.0152
	6
	9
	936
	2268

	6
	QPSK
	0.5879
	0.5714
	-0.0165
	8
	1
	120
	252

	7
	16QAM
	0.3691
	0.3556
	-0.0135
	11
	5
	872
	2520

	8
	16QAM
	0.4785
	0.4656
	-0.0129
	13
	3
	904
	1512

	9
	16QAM
	0.6016
	0.6032
	0.0016
	16
	1
	280
	504

	10
	64QAM
	0.4551
	0.4656
	0.0105
	18
	1
	328
	756

	11
	64QAM
	0.5537
	0.5714
	0.0177
	21
	2
	840
	1512

	12
	64QAM
	0.6504
	0.6772
	0.0268
	23
	2
	1000
	1512

	13
	64QAM
	0.7539
	0.7619
	0.0080
	25
	1
	552
	756

	14
	64QAM
	0.8525
	0.8466
	-0.0059
	27
	1
	616
	756

	15
	64QAM
	0.9258
	0.8466
	-0.0792
	27
	1
	616
	756

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


Method 2: Using 36.101 methodology with fixed # of RBs for all modulation orders
In this method, we use the same method used in 36.101 but with fixed number of RBs across all modulation orders. Since for the higher order modulation (64QAM), some MCSs cannot support more than 1 RB with the 1000 bit TBS limitation, we can use 1 RB only. Table 2 shows the result of this method using 1 CRS port and CFI = 3.

The problem with this method, is that for the lower range, the TBS size is very small and may deviate from the target code rate. Some even have code rates on more than 1. Hence we recommend not to use this method.

Table 2: CQI table using Method 2: Using 36.101 methodology with fixed # of RBs = 1 for all modulation orders
	CQI index
	Modulation
	Target code rate
	Actual Code Rate
	Code Rate Delta
	Imcs
	# RBs
	Information Bit Payload
	Binary Channel Bits Per Sub-Frame

	0
	out of range
	out of range
	
	
	DTX
	
	-
	-

	1
	QPSK
	0.0762
	0.1587
	0.0825
	0
	1
	16
	252

	2
	QPSK
	0.1172
	0.1587
	0.0415
	0
	1
	16
	252

	3
	QPSK
	0.1885
	0.2222
	0.0337
	2
	1
	32
	252

	4
	QPSK
	0.3008
	0.3175
	0.0167
	4
	1
	56
	252

	5
	QPSK
	0.4385
	0.3810
	0.0575
	5
	1
	72
	252

	6
	QPSK
	0.5879
	0.5714
	-0.0165
	8
	1
	120
	252

	7
	16QAM
	0.3691
	0.3333
	-0.0358
	11
	1
	144
	504

	8
	16QAM
	0.4785
	0.4603
	-0.0182
	13
	1
	208
	504

	9
	16QAM
	0.6016
	0.6032
	0.0016
	16
	1
	280
	504

	10
	64QAM
	0.4551
	0.4656
	0.0105
	18
	1
	328
	756

	11
	64QAM
	0.5537
	0.5714
	0.0177
	21
	1
	408
	756

	12
	64QAM
	0.6504
	0.6772
	0.0268
	23
	1
	488
	756

	13
	64QAM
	0.7539
	0.7619
	0.0080
	25
	1
	552
	756

	14
	64QAM
	0.8525
	0.8466
	-0.0059
	27
	1
	616
	756

	15
	64QAM
	0.9258
	0.8466
	-0.0792
	27
	1
	616
	756

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


Method 3: Using 36.101 methodology with fixed # of RBs per modulation order

This can be an extension to methods 1 and 2, were the number of RBs is allowed to change across modulation orders, but fixed with the same modulation order.
Table 3 shows the result of this method using 1 CRS port and CFI = 3.

Table 3: CQI table using Method 3: Using 36.101 methodology with fixed # of RBs per modulation order
	CQI index
	Modulation
	Target code rate 
	Actual Code Rate
	Code Rate Delta
	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
	0.0402
	0
	6
	152
	1512

	2
	QPSK
	0.1172
	0.1164
	-0.0008
	0
	6
	152
	1512

	3
	QPSK
	0.1885
	0.1852
	-0.0033
	2
	6
	256
	1512

	4
	QPSK
	0.3008
	0.2857
	-0.0151
	4
	6
	408
	1512

	5
	QPSK
	0.4385
	0.4127
	-0.0258
	6
	6
	600
	1512

	6
	QPSK
	0.5879
	0.5503
	-0.0376
	8
	6
	808
	1512

	7
	16QAM
	0.3691
	0.3492
	-0.0199
	11
	3
	504
	1512

	8
	16QAM
	0.4785
	0.4656
	-0.0129
	13
	3
	680
	1512

	9
	16QAM
	0.6016
	0.6138
	0.0122
	16
	3
	904
	1512

	10
	64QAM
	0.4551
	0.4656
	0.0105
	18
	1
	328
	756

	11
	64QAM
	0.5537
	0.5714
	0.0177
	21
	1
	408
	756

	12
	64QAM
	0.6504
	0.6772
	0.0268
	23
	1
	488
	756

	13
	64QAM
	0.7539
	0.7619
	0.0080
	25
	1
	552
	756

	14
	64QAM
	0.8525
	0.8466
	-0.0059
	27
	1
	616
	756

	15
	64QAM
	0.9258
	0.8466
	-0.0792
	27
	1
	616
	756

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


This method may be the best one out of the 3 methods since it tries to match as close as possible the target code rate, but with a reasonably fixed number of RBs.
Proposal 1: consider using the method described (method 3) in this document to generate the CQI table for LC-MTC, namely: using 36.101 methodology with fixed # of RBs per modulation order.

3 Conclusions
In this contribution we presented our views for defining a CQI table for CSI tests for LC-MTC. We studies 3 methods:

1. Method 1: Using 36.101 methodology with variable # of RBs

2. Method 2: Using 36.101 methodology with fixed # of RBs for all modulation orders

3. Method 3: Using 36.101 methodology with fixed # of RBs per modulation order

Proposal 1: consider using the method described (method 3) in this document to generate the CQI table for LC-MTC, namely: using 36.101 methodology with fixed # of RBs per modulation order.
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