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1 Introduction
In RAN1 #81, we discussed the possibility to modify the existing CQI table in order to effectively support eMTC [1]. The conclusions were

· FFS: Existing CQI table is modified by introducing new or modified CQI entries for coverage-enhanced UEs

· New or modified CQI entries provide lower spectral efficiency values than currently available.
In this contribution, we provide our view on the design of CQI table for MTC rel.13 with the objectives of simplifying operation and having a wide span of data rate capabilities from ultra low data rate to peak data rate with higher order modulation.
2 Discussion

According to [2], two CQI tables are defined with maximum up to 64QAM and 256 QAM. It has also been agreed by RAN1 and RAN4 that  eMTC supports up to 16QAM. The existing CQI table that has the most indices for QPSK and 16QAM is the CQI table with a maximum of up to 64QAM as shown in Table 1 below. Thus, we should consider to re-use this table instead of the one that has 256QAM entries.
Table 1: 4-bit CQI Table [2]
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547


In the previous meetings, there were some proposals concerning the CQI table for eMTC and they can be summarized as follows:
	SONY  [3]
	1 CQI table is needed for eMTC operation.

Use a new CQI table for eMTC that is based on the existing CQI table, replacing the 64QAM entries with entries for strongly coded QPSK.

	Mediatek [4]
	In general, same as above.

	Ericsson [5]
	2 CQI tables are needed for eMTC operation.

Use existing CQI table and up to CQI index 9 (16QAM) for normal coverage and introduce a new CQI table (QPSK only) for enhanced coverage.

	Huawei / HiSilicon [6]
	Working assumption: The existing CQI table not including 256-QAM is used for UEs operating coverage enhancement. The working assumption can be re-visited at the end of the work item.


It was proposed in [5] that the eMTC device needs to keep 2 CQI tables. In our view, this may increase UE complexity as the eMTC device needs to have the SNR/CQI estimation and reporting for each CQI entries in that tables. In addition, the eMTC device in normal coverage can only utilize a portion of CQI indices (up to CQI  index 9). In [6], it is also sub-optimal as eMTC can only utilize up to CQI index 9. It is preferable that eMTC can fully utilize all entries in the CQI table.
Aligned with our proposal earlier in [3] and also the other contribution in [4], we propose to introduce a new CQI table for eMTC based on the existing CQI table as shown in Table 1 and remove the 64QAM entries. The empty entries can be filled up with entries for strongly coded QPSK modulation. The new CQI table for eMTC is shown in this Table 2.
Table 2: 4-bit CQI Table for eMTC
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	[1]
	[0.0019]

	2
	QPSK
	[3]
	[0.0056]

	3
	QPSK
	[5]
	[0.0097]

	4
	QPSK
	[10]
	[0.0195]

	5
	QPSK
	[20]
	[0.0391]

	6
	QPSK
	[40]
	[0.0781]

	7
	QPSK
	78
	0.1523

	8
	QPSK
	120
	0.2344

	9
	QPSK
	193
	0.3770

	10
	QPSK
	308
	0.6016

	11
	QPSK
	449
	0.8770

	12
	QPSK
	602
	1.1758

	13
	16QAM
	378
	1.4766

	14
	16QAM
	490
	1.9141

	15
	16QAM
	616
	2.4063


Proposal 1: Introduce a new CQI table for eMTC by modifying the existing CQI table (without 256QAM) and replace 64QAM entries with entries for strongly coded QPSK modulation.
This CQI table has the feature that it can be used both for the use-cases with lower spectral efficiency as well as for the use cases with high spectral efficiency where 16QAM modulation may be applied. The data rate consideration has been discussed in [3].
Two MTC coverage enhancement (CE) modes have been agreed in RAN182bis. CE Mode A describes a set of behaviors for no repetitions and small numbers of repetitions and CE Mode B describes a set of behaviors for large numbers of repetitions. CE Mode B is used for large numbers of repetitions when the SNR at the UE is low. It has already been observed during the discussions on measuring RSRP for the purposes of choosing PRACH resources, that channel quality measurement is inaccurate at low SNR [7]. The energy required to transmit a CQI report by the UE in CE Mode B is also relatively large, due to the many repetitions required in large coverage enhancement. Based on this, we do not see the benefit of CSI reporting in CE mode B. The eNodeB can adapt MCS or repetition number based on other means, such as ACK / NACK reports from the UE.
Proposal 2: eMTC does not support CQI reporting for CE Mode B.

3 Conclusion

In this contribution, we have just discussed the CQI table for eMTC. The design consideration from other proposals were also analyzed. Based on these discussions and analysis, we have the following proposals:
Proposal 1: Introduce a new CQI table for eMTC by modifying the existing CQI table (without 256QAM) and replace 64QAM entries with entries for strongly coded QPSK modulation.
Proposal 2: eMTC does not support CQI reporting for CE Mode B.
References

[1] RAN1 #81, “Chairman notes”
[2] TS 36.213

[3] R1-153086, “MCS and CQI index for MTC”, Sony

[4] R1-155951, “CQI Calculation for Rel-13 MTC”, Mediatek

[5] R1-155036, “CSI definition for MTC”, Ericsson

[6] R1-155661, “CQI and MCS tables”, Huawei, HiSilicon
[7] R1-155050, “Reply LS on PRACH coverage enhancement”

