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1 Introduction
The Rel-13 WI on “Further LTE Physical Layer Enhancements for MTC” has an objective to specify a new Rel-13 low complexity UE category/type for MTC operation and to provide power consumption reduction for the UE, including through reduction of UE reporting/measurement [1].
In RAN1 #80b, we discussed the possibility to modify the existing CQI table in order to effectively support MTC [2]. The conclusions were
· Study whether existing CQI table is sufficient until RAN1 #81 meeting

· FFS: Existing CQI table is extended with new CQI entries for LC/CE UEs.

· FFS: The new CQI entries are defined to support repetition/bundling across multiple subframes

That discussion was partially based on [3],[4] where it was considered that MTC could only use QPSK modulation scheme.
In this contribution, we provide SONY’s view on MCS and CQI index for MTC rel.13. In particular, this contribution considers the data rates related to MCS index and the proposed CQI index for MTC.

2 Discussion
2.1 Data Rates Consideration
The downlink LTE data rate is determined by the transport block size (TBS) applied to PDSCH as defined in [5]. The UE reports a CQI index based on the channel conditions. The eNB then determines a suitable MCS index and chooses the corresponding TBS index. According to the Modulation and TBS index table for PDSCH in [5], the highest MCS index for QPSK and 16QAM are 9 and 15, respectively. The corresponding highest TBS index for QPSK and 16QAM are 9 and 16, respectively. MTC devices operate in up to 1.4 MHz bandwidth and thus can support physical allocations of up to 6PRB. The data rate for each TBS index can be calculated based on Table 7.1.7.2.1-1 of [5]. The data rate versus TBS index for selected RB sizes applicable for MTC is summarized in Figure 1 .
In case of full RB allocation (6RB), the highest TBS index using 16QAM can achieve a peak date rate of ~2Mbps. The required MTC peak data rate is 1 Mbps. This peak data rate (in a single subrame) can be achieved by using QPSK TBS index 9, but only with full RB allocation (e.g. when the UE is scheduled via cross-subframe scheduling and no M-PDCCH is multiplexed within the 6PRB). However a sustained peak data rate of 1Mbps cannot be achieved using QPSK only, since M-PDCCH needs to be multiplexed with the PDSCH. When the M-PDCCH is based on a distributed ePDCCH, only 4 PRBs are available for PDSCH, meaning that 16QAM modulation is required to achieve a sustained 1 Mbps peak data rate.
The MTC device can be operated in both full-duplex and half-duplex modes. The half-duplex mode is expected as the most common use-case for a release 13 MTC device. Note that when FDD is operated in half-duplex mode, the available physical resources to a UE for PDSCH are further restricted and the need to support 16QAM in order to provide useable data rates is even greater.

Observation 1: Limiting the modulation scheme to QPSK will only allow a sustained peak data rate of 600kbps. 
Observation 2: Supporting 16QAM will allow an MTC sustained peak data rate of 1Mbps and provide more flexibility to the eNB scheduler, for example by assigning 16QAM with smaller RB size or QPSK with larger RB size.
Proposal 1: MTC to support both QPSK and 16QAM modulation schemes.
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Figure 1: TBS index versus data rates in Mbps for various RB size.
2.2 CQI Table

The CQI table for legacy a LTE UE without supporting 256QAM is shown in Table 1 [5]. The supported modulation schemes for MTC are QPSK and 16QAM [6]. Since 64QAM is not applicable for MTC rel.13, we can replace the 64QAM entries in order to extend the existing CQI table with low MCS values for the effective operation of MTC rel.13.
Table 1: 4-bit CQI Table

	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


Observation 3: MTC rel.13 supports QPSK and 16QAM and thus the existing CQI index table can be extended and optimized for MTC by excluding 64QAM.
One potential idea is to extend the list of QPSK modulation and coding scheme entries with stronger coding rates as initially suggested in [3]. These stronger coding rates (with lower efficiency) are needed mostly in enhanced coverage mode (CE-MTC). In principle, the CE-MTC device will use the updated CQI index. The proposed new CQI table is shown in Table 2. It can be observed that there are 7 new lower CQI indices. The original 9 CQI indices (up to 16QAM) are defined as the upper CQI indices.

Table 2: The new 4-bit CQI Table

	CQI index
	Modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	[1]
	[0.002]

	2
	QPSK
	[3]
	[0.006]

	3
	QPSK
	[5]
	[0.0097]

	4
	QPSK
	[10]
	[0.0195]

	5
	QPSK
	[20]
	[0.039]

	6
	QPSK
	[33]
	[0.0644]

	7
	QPSK
	[45]
	[0.0879]

	8
	QPSK
	78
	0.1523

	9
	QPSK
	120
	0.2344

	10
	QPSK
	193
	0.3770

	11
	QPSK
	308
	0.6016

	12
	QPSK
	449
	0.8770

	13
	QPSK
	602
	1.1758

	14
	16QAM
	378
	1.4766

	15
	16QAM
	490
	1.9141

	16
	16QAM
	616
	2.4063


Figure 2 shows the efficiency versus the proposed CQI index. It can be observed a smooth efficiency curve from low-to-high CQI index.
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Figure 2: Efficiency versus the proposed CQI index
The normal coverage MTC could potentially still use the legacy CQI index with limited feedbacks option (up to 16QAM). However, it would be more beneficial if normal coverage MTC uses the new CQI index, especially if the normal coverage MTC has small data transmissions (i.e. it uses CQI stronger coding rate). However from signaling point of view, it would be simpler if a Release-13 MTC device (both normal and enhanced coverage) used the new CQI table in both normal and enhanced coverage modes.
Proposal 2: MTC device rel.13 (both normal and enhanced coverage) uses the new CQI table.

3 Conclusion

In this contribution, we discussed our views on MCS and CQI index for MTC rel.13. The observations and proposals based on the discussion are given as follows:
Observation 1: Limiting the modulation scheme to QPSK will only allow a sustained peak data rate of 600kbps. 

Observation 2: Supporting 16QAM will allow an MTC sustained peak data rate of 1Mbps and provide more flexibility to the eNB scheduler, for example by assigning 16QAM with smaller RB size or QPSK with larger RB size.
Observation 3: MTC rel.13 supports QPSK and 16QAM and thus, the existing CQI index table can be extended and optimized for MTC by excluding 64QAM.

Proposal 1: MTC to support both QPSK and 16QAM modulation schemes.

Proposal 2: MTC device rel.13 (both normal and enhanced coverage) uses the new CQI table.
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