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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]Introduction 
In RAN1#91, the summary of the agenda item on PDSCH DL spectral efficiency for 64QAM identified the following issues related to the CQI table for the support of PDSCH 64QAM:
· CQI table with RCSI > 1
· Whether to support “option A” (reference resource of 1 for 64QAM and reference resource >1 for other modulations) or option “option B” (single CQI table covering the range of SNRs observed in CE Mode A)
· Use of “option B” CQI table when 64QAM is not configured
· Design of option B CQI table
· CSI reference resource in the case of frequency hopping
The following working assumptions were reached on the CQI table with RCSI > 1:
Working assumption
· When a UE is configured both with 64QAM and csi-NumRepetitionCE-r13 > 1,
· A single CQI table covers the range from QPSK with 32 times repetition up to 64QAM without repetition

Working assumption
· eNodeB can optionally configure the UE to use the option B CQI table at least for 64QAM capable UE irrespective of whether 64QAM is configured or not

This document provides Sony’s views on the remaining issues on the design of the CQI tables for the support of 64QAM. 
2. CQI Table with RCSI > 1
One of the goals of the Rel-15 efeMTC work item is to increase PDSCH spectral efficiency. One identified method to increase the spectral efficiency is the support of 64QAM. When 64QAM is supported, the eMTC CQI tables need to be adapted to account for the new modulation scheme.
The working assumption in RAN1 is that efeMTC will support a single CQI table that covers the range from QPSK with 32 times repetition up to 64QAM without repetition. In order to confirm this working assumption, we compared the DL cell spectral efficiency with both the “Option A” type of CQI table (see section 1) and two CQI tables of “Option B” type. Hence the CQI tables that were considered are:
· Option A with RCSI = 4
· Option B with equally spaced CQI formats
· Option B with lower CQI granularity at lower formats 

Both Option B CQI tables were designed to cover the complete channel condition span of CE mode A (i.e. from low rate QPSK with 32 repetitions up to high code rate 64QAM with no repetitions). The CQI tables considered are detailed in the appendix.
The overall spectral efficiency associated with the CQI table depends on the SINR CDF of the deployment. In our analysis, we assume the SINR CDF of the average of company calibration results for the ITU self-evaluation for mMTC [4] in Urban Macro, using channel model A and a 500m inter-site distance. This CDF is shown in Figure 1 below. Given that 64QAM can be supported at an SINR of >12dB (see appendix), it is apparent that approximately 25% of the UEs in the cell can be served by 64QAM formats.
[image: ]
[bookmark: _Ref506559470]Figure 1 – Average CDF for urban macro, model A, 500m for ITU mMTC self-evaluation
It is assumed that the UE reports the correct CQI value according to this CDF and that the eNB schedules PDSCH with an allocation corresponding to that CQI format (i.e. an allocation with the MCS and number of repetitions shown in the tables in appendix A). There is an inherent assumption here that the channel is AWGN, but this allows for a simple analysis rather than a dynamic analysis modelling fading.
Table 1 summarises the average spectral efficiencies for the CQI table options detailed in Appendix A. The average spectral efficiency and average resource spectral efficiency are defined below (i is the proportion of UEs for which CQI format i applies and i is the spectral efficiency of format i). The average resource spectral efficiency weights the spectral efficiency to account for the aspect that lower MCS formats require more physical resources than higher MCS formats, but the overall offered data rate is the same (i.e. that the same amount of data is transmitted by the eMTC device per day, regardless of location in the cell).
  


[bookmark: _Ref506561584]Table 1 – Spectral efficiency for CQI table options
	CQI table
	Average spectral efficiency (bps/Hz)
	Average resource spectral efficiency (bps/Hz)

	Option A with RCSI = 4
	1.185
	0.370

	Option B with evenly spaced CQI formats
	1.503
	0.456

	Option B with lower CQI granularity at lower formats
	1.589
	0.482


 
Both “option B” type CQI tables provide significantly better average spectral efficiency than the “option A” type CQI table. The gain in resource spectral efficiency is 23% for option B with evenly spaced CQI formats and 30% for option B with lower CQI granularity at lower formats. These are significant spectral efficiency gains. Hence RAN1 should confirm the working assumption on the use of the option B CQI format table.

Proposal 1: Confirm the working assumption:
· When a UE is configured both with 64QAM and csi-NumRepetitionCE-r13 > 1,
· A single CQI table covers the range from QPSK with 32 times repetition up to 64QAM without repetition
 

3. Design of Option B CQI table
Table 1 shows that the option B CQI table with lower CQI granularity at lower formats is 6% more spectrally efficient than an option B CQI table with evenly spaced CQI formats. This increase in spectral efficiency leads to more efficient resource usage at the system level and better power consumption at the UE (if the UE can terminate its PDSCH reception 6% earlier on average, it can turn its receiver off 6% earlier and enter a low power state 6% earlier).
Based on these performance improvements, it is proposed to adopt the option B CQI table with lower CQI granularity at lower formats. 
Proposal 2: The following CQI table is adopted for efeMTC when 64QAM is applied: 
	CQI index
	modulation
	code rate x 1024 
	Repetition

	0
	Out of range

	1
	QPSK 
	56
	32

	2
	QPSK 
	207
	16

	3
	QPSK 
	266
	4

	4
	QPSK
	195
	2

	5
	QPSK 
	142
	1

	6
	QPSK
	266
	1

	7
	QPSK 
	453
	1

	8
	QPSK
	637
	1

	9
	16QAM
	423
	1

	10
	16QAM 
	557
	1

	11
	16QAM
	696
	1

	12
	16QAM
	845
	1

	13
	64QAM
	651
	1

	14
	64QAM
	780
	1

	15
	64QAM
	888
	1



The benefit of using a single CQI table that spans the entire SINR range of CE Mode A is that RRC reconfiguration is not required as the UE moves through the cell. This benefit is applicable irrespective of whether the UE supports 64QAM or not. Hence it is proposed to confirm the working assumption from RAN1#91:
Proposal 3: Confirm the working assumption:
· eNodeB can optionally configure the UE to use the option B CQI table at least for 64QAM capable UE irrespective of whether 64QAM is configured or not

4.   Conclusion
This contribution has considered the CQI table to be used in efeMTC when 64QAM is available and makes the following proposals:
Proposal 1: Confirm the working assumption:
· When a UE is configured both with 64QAM and csi-NumRepetitionCE-r13 > 1,
· A single CQI table covers the range from QPSK with 32 times repetition up to 64QAM without repetition

Proposal 2: The following CQI table is adopted for efeMTC when 64QAM is applied: 
	CQI index
	modulation
	code rate x 1024 
	Repetition

	0
	Out of range

	1
	QPSK 
	56
	32

	2
	QPSK 
	207
	16

	3
	QPSK 
	266
	4

	4
	QPSK
	195
	2

	5
	QPSK 
	142
	1

	6
	QPSK
	266
	1

	7
	QPSK 
	453
	1

	8
	QPSK
	637
	1

	9
	16QAM
	423
	1

	10
	16QAM 
	557
	1

	11
	16QAM
	696
	1

	12
	16QAM
	845
	1

	13
	64QAM
	651
	1

	14
	64QAM
	780
	1

	15
	64QAM
	888
	1



Proposal 3: Confirm the working assumption:
· eNodeB can optionally configure the UE to use the option B CQI table at least for 64QAM capable UE irrespective of whether 64QAM is configured or not
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Appendix: CQI Table Options and Performance
A.1	Option A CQI table
An “Option A” CQI table, having different RCSI values for different CQI indices has been proposed [3] and is copied below in Table 1.
[bookmark: _Ref506556247]Table 2: Proposed CQI table for RCSI>1 [3]
	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



In order to cover the whole cell with a single CQI table (i.e. without the need for RRC reconfigurations), in [2] it was determined that RCSI = 4 is suitable. The performance of the CQI formats of Table 1 in AWGN is shown in Figure 1. 
[image: ]
[bookmark: _Ref494488919]Figure 2 – BLER performance of CSI CQI formats from R1-1712802 [3] with RCSI = 4


A.2	Option B CQI table with evenly spaced entries
An “Option B” CQI table, with evenly spaced CQI table entries was proposed in [2] and is copied below in Table 2. This CQI table has an applicability from QPSK with 32 repetitions up to high rate 64QAM formats. The performance of the CQI formats of this table is shown in Figure 2.
[bookmark: _Ref494504653][bookmark: _Ref494504634]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



[image: ]
[bookmark: _Ref494503992]Figure 3 – BLER performance of evenly spaced CQI formats spanning all of CE Mode A

[bookmark: _Ref498739690][bookmark: _Ref498739685]A.3	Option B CQI table with lower granularity at low CQI indexes
Table 3 is an “Option B” CQI table, with lower granularity at low CQI indexes, as proposed in [2] and is copied below in Table 3. This CQI table has an applicability from QPSK with 32 repetitions up to high rate 64QAM formats. The performance of the CQI formats of this table is shown in Figure 4.

[bookmark: _Ref506557442]Table 4 – CQI table with wider SNR spacing for low CQI indexes
	CQI index
	modulation
	code rate x 1024 
	Repetition

	0
	Out of range

	1
	QPSK 
	56
	32

	2
	QPSK 
	207
	16

	3
	QPSK 
	266
	4

	4
	QPSK
	195
	2

	5
	QPSK 
	142
	1

	6
	QPSK
	266
	1

	7
	QPSK 
	453
	1

	8
	QPSK
	637
	1

	9
	16QAM
	423
	1

	10
	16QAM 
	557
	1

	11
	16QAM
	696
	1

	12
	16QAM
	845
	1

	13
	64QAM
	651
	1

	14
	64QAM
	780
	1

	15
	64QAM
	888
	1



[image: ]
[bookmark: _Ref498739717]Figure 4 – BLER performance of CQI table with lower granularity at low CQI indexes
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