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1
Introduction
In RAN1#81, it was agreed that –

· CSI reference resource is extended to span multiple subframes M (M>1) at least for UEs in small DL coverage enhancement

· FFS: M is semi-statically, UE-specifically, configured, or fixed
· FFS: if and how the extension is configured
· FFS: Whether to use existing or updated CQI table 
· FFS: Entries are interpreted as corresponding to PDSCH reception over the multiple subframes M 
In this contribution, we provide our views on the CQI table.
2
CSI Measurement
In RAN1#82bis, CSI measurement was discussed with the following proposals –

· The number of subframes M (>1) that CSI reference resource spans is predefined or implicitly derived from CE level.

· The value of M 

· Alt 1: reuse existing CQI table for 64QAM, no new CQI entries 

· Measurement is based M subframes

· Alt 1.1: reuse existing CQI table for 64QAM, while 6 entries corresponding to the highest SEs are reserved

· Measurement is based M subframes

· Alt 2: replacing 6 entries in the existing CQI table for 64QAM

· Measurement is based M subframes
In the current table, the lowest CQI index corresponds to spectral efficiency of 0.1523. At the nominal coverage of 140.7 dB MCL, downlink SNR is 0.7 dB. At this SNR, the existing CQI table is functional for LC-MTC UEs with 1 Rx antennas. This is based on the -4dB cell-edge SNR in [1] and approximately 5dB of loss for LC-MTC UEs due to 1Rx and lack of frequency diversity. Beyond 140.7 dB MCL, UEs would require coverage enhancement. At SNR of -4dB, 4-8Tx is required and the spectral efficiency is approximately 0.06 based on results shown in Figure 1. Note that results from Figure 1 did not consider additional impairments that may be present in a practical receiver. Therefore, in practice the spectral efficiency for LC-MTC UE at nominal cell coverage may be even lower. Furthermore, for UEs in enhanced coverage, the spectral efficiency can be as low as 0.003at SNR of -14.3 dB.
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Figure 1. PDSCH efficiency based on MCS5, 2Tx-1Rx, EPA1.
In RAN1#81, it was agreed that the CSI reference resource is extended to span multiple subframes M. To simplify UE operation, the number of subframes M (>1) that CSI reference resource spans can be predefined. This would simplify the configuration as well as allow for the use of existing measurement gaps. For UE in large coverage enhancement, it can perform measurements over multiple measurement instances to arrive at long-term CQI values which can be reported at the request of the eNB using aperiodic triggering.
Proposal 1: The value of M is predefined.

Based on the measurement interval of M subframes, it is FFS whether the CQI entries can be interpreted as as corresponding to PDSCH reception over the multiple subframes M. For example, if M is 4 and UE reports CQI efficiency value of 0.1523, then it’s actual efficiency is 0.1523/4 = 0.0381. One issue with this is that to reach 0.003 efficiency, M would need to be approximately 50 subframes. Even at 0.01 efficiency, M=16 would be needed. Thus, the CSI reference resource would be too long considering also that UE might have to measure several narrowband regions. The alternative approach is to define a new CQI table for UE operating CE. The new table would provide sufficient entries to cover the useful range for UEs in enhanced coverage. This would be better as the CSI reference resource can be somewhat decoupled from the CQI entries. Thus, it is proposed that the existing CQI table is modified with new entries for UEs in enhanced coverage.
Proposal 2: The existing CQI table is modified with new entries for UEs in enhanced coverage.

If we keep all QPSK entries from the current CQI table and use approximately a 2 dB step size for the new CQI entries, then Table 1 gives an example of the new table.
Table 1. Example of modified CQI table for UEs in enhanced coverage.
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	1
	0.0019

	2
	QPSK
	2
	0.0039

	3
	QPSK
	3
	0.0058

	4
	QPSK
	5
	0.0097

	5
	QPSK
	8
	0.0156

	6
	QPSK
	12
	0.0234

	7
	QPSK
	19
	0.0371

	8
	QPSK
	31
	0.0605

	9
	QPSK
	49
	0.0957

	10
	QPSK
	78
	0.1523

	11
	QPSK
	120
	0.2344

	12
	QPSK
	193
	0.3770

	13
	QPSK
	308
	0.6016

	14
	QPSK
	449
	0.8770

	15
	QPSK
	602
	1.1758


3
Conclusion
In this contribution, we consider CQI issues for UEs in enhanced coverage and make the following proposal –

Proposal 1: The value of M is predefined.
Proposal 2: The existing CQI table is modified with new entries for UEs in enhanced coverage.
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