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1. Introduction 
In RAN1#90, the following proposal was considered and discussed via email:
Proposal:

· When the UE is configured with DL 64QAM and R_CSI > 1, and for CQI calculations, the UE uses the agreed 64QAM CQI table, but assumes R_CSI = 1 for the entries corresponding to 64QAM.

It is proposed to have an email discussion on the above proposal (Alberto, Qualcomm).
Email discussion until 6th Sep. about 64QAM CQI table – Alberto (Qualcomm)
This document considers the suitable format for a CQI table that supports 64QAM, allowing the UE to traverse a cell without the need for RRC reconfiguration and without creating a “CQI dead zone” in CQI reporing.
2. MTC UE performance as it traverses cell 

efeMTC devices can support a range of different application types, many of which are mobile. Example mobile applications include wearable devices and shared bikes. These mobile efeMTC devices will see a range of SNR and channel conditions as they traverse the cell. At the centre of the cell, the devices observe a high SNR (where 64QAM formats can be supported). At the edge of the cell, the devices observe low SNR (where low code rate QPSK formats with a small amount of repetition are supported). At the intersection point of three cells, and accounting for some hysteresis in handover, the observed SNR can be around -6dB. An LTE device that operates at -6dB SNR in an interference limited region would also be able to operate at -6dB SNR in a coverage limited region.
Of course, some efeMTC devices are stationary, but this is only a subset of the potential applications.

It is desirable if the coverage of an efeMTC device is similar to the coverage of a Release-8 (or later) LTE device. This avoids strange and counterintuitive behaviours for a user where their LTE smartphone is in coverage, but their efeMTC wearable isn’t.
LTE cells are dimensioned on the basis of the coverage of Release-8 (and subsequent release) devices. I.e. LTE cells are dimensioned on the basis of devices that support wide receiver bandwidths and receiver diversity. In contrast, efeMTC devices support a 1.4MHz bandwidth and a single receive antenna. The loss of coverage due to the lack of frequency diversity and antenna diversity is compensated for in efeMTC by repetition. 

The amount of repetition required by efeMTC in order to counter the loss of frequency diversity was simulated, with the simulation results shown in Figure 1. It is evident from these results that, depending on deployment, up to 6dB of coverage extension may be required in order to compensate for the loss of frequency and receive diversity. Repetition of about 4 times compensates for this diversity loss. The point of CE Mode A in Release-13 was to compensate for this diversity loss.
Observation 1: Four times repetition is typically required in an efeMTC UE to compensate for loss of diversity at the cell edge.  
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Figure 1 – Comparison for efeMTC coverage with repetition vs LTE smartphone coverage
Table 1 - Simulation assumptions
	Parameter
	efeMTC device
	Smartphone (LTE Release-8)

	Channel
	ETU 10kmph
	ETU 10kmph

	Transport channel
	PDSCH
	PDSCH

	Transmission mode
	TM2 (2TX, 1RX)
	TM2 (2TX, 2RX)

	UE bandwidth
	1.4MHz
	5MHz

	Code rate and modulation
	QPSK rate 0.12
	QPSK rate 0.12

	Physical resource allocation
	6 PRB
	25 PRB

	Frequency hopping
	No
	N/A

	Channel estimation
	Realistic. 4-subframe cross-SF channel estimation
	Realistic. 4-subframe cross-SF channel estimation


3. CQI table containing RCSI values for non-64QAM CQI
The following CQI table having different RCSI values for different CQI indices has been proposed [1]:

Table 2: Proposed CQI table for RCSI>1 [1]
	CQI index
	modulation
	code rate x 1024 
	Assumed  RCSI
	efficiency x  RCSI

	0
	out of range

	1
	QPSK 
	40
	RCSI
	0.0781

	2
	QPSK 
	78
	RCSI
	0.1523

	3
	QPSK 
	120
	RCSI
	0.2344

	4
	QPSK
	193
	RCSI
	0.3770

	5
	QPSK 
	308
	RCSI
	0.6016

	6
	QPSK
	449
	RCSI
	0.8770

	7
	QPSK 
	602
	RCSI
	1.1758

	8
	16QAM 
	378
	RCSI
	1.4766

	9
	16QAM 
	490
	RCSI
	1.9141

	10
	16QAM 
	616
	RCSI
	2.4063

	11
	64QAM
	466
	1
	2.7305

	12
	64QAM
	567
	1
	3.3223

	13
	64QAM
	666
	1
	3.9023

	14
	64QAM
	772
	1
	4.5234

	15
	64QAM
	873
	1
	5.1152


Based on the observation in the preceding section, a value of RCSI = 4 would be appropriate for a UE that is able to report a CSI value at the cell edge.
This proposed table has an issue of a discontinuity between the highest 16QAM CSI report (CQI Index 10) and the lowest 64QAM CSI report (CQI Index 11). To investigate this discontinuity, the SNR performance of these formats was simulated in AWGN. The performance of these formats is shown in Figure 2.
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Figure 2 – BLER performance of CSI CQI formats from R1-1712802 [1]
From the results in this figure, the following is observed:
Observation 2: The CQI table of R1-1712802 leads to a 6dB-wide “CQI dead zone” where channel quality cannot be reported.

Ignoring the CQI dead zone region, the CQI granularity is 1.7dB (i.e. the SNR difference between the CQI report formats is on average 1.7dB).

Observation 3: The CQI table of R1-1712802 has a CQI granularity of 1.7dB.

The figure shows the most cell-edge format (CQI1: QPSK code rate 0.039, REP4) operating at an SNR operating point of -8dB SNR and the most cell-centre format (CQI15: 64QAM code rate 0.85) operating at an SNR operating point of 20.5dB. If the CQI table had linearly-spaced CQI formats, the granularity of CQI reports would be 2dB (28.5 / 14 = 2.0dB). Hence the granularity of CQI reporting with evenly-spaced CQI formats is marginally different to the 1.7dB granularity proposed in [1].
Observation 4: A CQI table with evenly spaced CQI formats covering the SNR range of -8dB to 20.5dB has a CQI granularity of 2.0dB. 

We have severe doubts that the difference in granularity of CQI reports between (1) the CQI table proposed in [1] and (2) a linearly-spaced CQI table would make any difference to the average data rate that can be sustained by a UE or the scheduling efficiency of the eNodeB. An evenly spaced table would allow for simpler CQI operation and would not require RRC reconfigurations.
Proposal 1: CQI reports in the CQI table should be evenly spaced in terms of SNR operating point for efeMTC.

An example set of CQI indices that cover the entire operating range of CE Mode A is described in the following section.

An alternative to operating with the “CQI dead zone” shown in Figure 2 is to reconfigure the RCSI value to be used by the UE (through RRC configuration) as it moves through the cell (e.g. to use RCSI = 1 when the UE is in the centre of the cell and reconfigure to RCSI = 4 as the UE moves towards the edge of the cell). Having to RRC reconfigure the UE as it moves through the cell in CE Mode A is undesirable from a signalling and power consumption perspective. Hence RRC reconfiguration of RCSI is not preferred.
4. CQI table with evenly spaced entries covering CE Mode A

A set of evenly spaced CQI entries covering the whole of CE Mode A is shown in Table 3. The simulated BLER performance of these CQI entries is shown in Figure 3. The granularity of these CQI reports is approximately 2.5dB.
Note that a similar table could be created to cover a “useful range” of CE Mode A, e.g. the range from -6dB to 20dB. Such a table would have a smaller granularity compared to Table 3. 

Table 3 – CQI table with evenly spaced entries spanning CE Mode A
	CQI index
	modulation
	code rate x 1024 
	Repetition

	0
	Out of range

	1
	QPSK 
	51
	32

	2
	QPSK 
	143
	32

	3
	QPSK 
	167
	16

	4
	QPSK
	102
	4

	5
	QPSK 
	256
	4

	6
	QPSK
	165
	2

	7
	QPSK 
	171
	1

	8
	QPSK
	370
	1

	9
	QPSK
	594
	1

	10
	16QAM 
	427
	1

	11
	16QAM
	580
	1

	12
	16QAM
	774
	1

	13
	64QAM
	607
	1

	14
	64QAM
	768
	1

	15
	64QAM
	870
	1


Note that in these simulations, cross-subframe channel estimation was performed for CQI indices with repetitions. A maximum of 4 subframes were used for cross sub-frame channel estimation. The formats were simulated in AWGN using TM1, 1 receive antenna and realistic channel estimation (MMSE).
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Figure 3 – BLER performance of evenly spaced CQI formats spanning all of CE Mode A

5. Conclusion

This document has considered the CQI table for 64QAM for efeMTC, preferring a linearly spaced CQI table that does not contain dead zones. An example CQI table is presented in section 4.

The following observations and proposals are made:

Observation 1: Four times repetition is typically required in an efeMTC UE to compensate for loss of diversity at the cell edge.  

Observation 2: The CQI table of R1-1712802 leads to a 6dB-wide “CQI dead zone” where channel quality cannot be reported.

Observation 3: The CQI table of R1-1712802 has a CQI granularity of 1.7dB.

Observation 4: A CQI table with evenly spaced CQI formats covering the SNR range of -8dB to 20.5dB has a CQI granularity of 2.0dB. 

Proposal 1: CQI reports in the CQI table should be evenly spaced in terms of SNR operating point for efeMTC.

6. References

[1] 
R1-1712802, “Increased PDSCH spectral efficiency”. Qualcomm. RAN1#90, Prague, Czech Republic. 21-25 August 2017.
