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1
Introduction
In RAN1#80bis, it was agreed to study further whether the existing CQI table is sufficient for LC-MTC and CE UEs. In this contribution, we consider this issue.
2
CQI Table
The current CQI table using QPSK modulation is provided below. In the table, the lowest CQI index corresponds to spectral efficiency of 0.1523. 
Table 1 CQI Table (QPSK entries only).
	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


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, 4Tx is required and the spectral efficiency is approximately 0.09 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. As a result, the existing CQI entries are not sufficient to capture the possible range of spectral efficiency for EC UEs and additional entries would be beneficial.
[image: image1.emf]-18 -16 -14 -12 -10 -8 -6 -4 -2 0 2

10

-2

10

-1

10

0

SNR (dB)

BLER

PDSCH - 10MHz, 2Tx-1Rx, EPA1, 504 bits + 24-bit CRC, 6 PRBs

 

 

4Tx

16Tx

32Tx

64Tx

128Tx

192Tx

256Tx


Figure 1. PDSCH - MCS5, 2Tx-1Rx, EPA1, 2SF ChanEst, 3 dB CRS boosting.
Furthermore, for UEs in enhanced coverage, the spectral efficiency can be as low as 0.004 when UE has 1 Rx antenna as shown in Table 2 [2]. Thus, a range of CQI entries from approximately 0.004 to 0.1523 would be required. 
Table 2. Approximate number of required repetitions for various techniques (10% BLER, EPA 1 Hz, 100Hz residual frequency error, 2Tx-1Rx, MCS5, 6 PRBs).
	Target MCL (dB)
	Required Repetitions

	
	2Tx – 1Rx

	
	Multi-SF Ch. Est (2SF) + Freq Hopping
	Multi -SF Ch. Est (2SF) + Freq Hopping + 3dB CRS Boosting
	Multi -SF Ch. Est (2SF) + Freq Hopping + 6dB CRS Boosting
	Multi -SF Ch. Est (2SF) + Freq Hopping + 3dB PDSCH+CRS Boosting

	143.7
	3
	3
	2
	2

	149.7
	16
	12
	10
	8

	155.7
	140
	80
	64
	40


However, in enhanced coverage, it is under investigation whether the UE can perform reliable measurement to determine its radio link condition (and therefore CQI). Thus, it is FFS what new entries should be defined for LC-MTC and CE UEs. 

Proposal: The existing CQI table is modified with new entries for UEs in enhanced coverage.

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

Proposal: The existing CQI table is modified with new entries for UEs in enhanced coverage.
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