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Introduction
The Rel-15 WI on “Even further enhanced MTC for LTE” [1] has the following WI objective for machine-type communications for BL/CE UEs:
· Increased PDSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· Specify optional support for 64QAM for unicast PDSCH (no UE peak rate increase is intended).
Several contributions addressed this topic at the RAN1#88bis meeting, and the following agreements were made [2]:
· Support for 64QAM for non-repeated unicast PDSCH in connected mode in CE Mode A is introduced.
· The feature is enabled/disabled by eNB via UE-specific signaling.
· Unless enabled, UE shall assume no use of 64QAM.
· The MCS field in DCI format 6-1A is [FFS: 4 or 5 bits] in UE-specific search space.
· The max TBS for each UE category and max PDSCH channel bandwidth support is the same as Rel-14.
· This implies that N_soft is also the same as Rel-14.
· FFS details of MCS, TBS and CQI tables for the support of 64QAM.
This contribution addresses the open issues. 
[bookmark: _Ref178064866]Discussion
DCI and MCS/TBS tables
First, the MCS field in DCI format 6-1A and its relation to the MCS and TBS tables will be discussed. Regarding the MCS field, two options are presented above:
· Using a 4 bit MCS field. This preserves the MPDCCH performance, but some additional mechanism is required to address the MCS/TBS entries associated with 64QAM. This is discussed more below. 
· Using a 5 bit MCS field, which means that the legacy MCS/TBS tables for Rel-8 LTE can be reused. Thus, it is the most straightforward solution. The drawback is a slight increase in DCI size and a slight decrease in MPDCCH performance.
[bookmark: _GoBack]For the 4 bit solution, it was suggested in [3] that a remapping of the rows in the TBS table can be done, similar to what was done when supporting larger PUSCH TBS sizes for Rel-14 feMTC UEs. One identified drawback with this approach is that the scheduling granularity is negatively affected. Furthermore, it has been agreed that the 64QAM functionality shall be introduced without increasing the maximum transport block size. Consequently, the number of applicable TBS table entries will differ largely between different number of used PRBs, which means that an optimal selection for remapping of rows may be difficult. This may be solved by using a remapping mechanism that varies between PRB columns to be able to use the 4 bit MCS field in an optimal way. However, such schemes appear unnecessarily complex for the purpose. Yet another difficulty is that different UE categories and/or configured bandwidth has different maximum transport block sizes, and the remapping of rows must thus take this as well into account. 
In summary, we propose that 5 bits are used for indicating the modulation format and the TBS size. An alternative to introducing an additional bit in the MCS field would be to remap some existing bit in the DCI. Since it has been agreed that the 64QAM functionality is only applicable for transmissions without repetitions, some bits will become redundant and can thus be reinterpreted for this purpose instead. One such possibility would be to use the frequency hopping flag, which is redundant when not using repetitions. For example, the frequency hopping flag may be reinterpreted as the MSB in a 5 bit MCS index, with the MCS field being used as the 4 LSB. This means that if the frequency hopping flag is zero, the 4 bit MCS field is interpreted as 0-15, and if the frequency hopping flag is one, the 4 bit MCS field is interpreted as 16-31. By using this approach, it is not required to increase the DCI size, while maintaining the full flexibility of addressing the whole range in the present MCS and TBS tables without any loss in granularity. 
Given the condition that the maximum transport block sizes should be retained also when allowing 64QAM modulation, there is still a need to make sure the TBS sizes are limited accordingly depending on the UE category and/or configured bandwidth. Our preference is to do this by introducing a rule and/or formula that limits the TBS to the maximum applicable value for the UE category and/or configured bandwidth. This way several large tables that are almost identical to subsets of the existing ones can be avoided. In particular the table for a higher category UE configured to operate in CEModeA with 64QAM in 20 MHz bandwidth would be very large and almost identical to the existing TBS table. When the network signals that the maximum applicable TBS be used, we propose that the network always uses the lowest possible TBS index that indicates a value that is larger than or equal to this maximum TBS. 
[bookmark: _Toc481708747][bookmark: _Toc481709776][bookmark: _Toc481782226][bookmark: _Toc481782939][bookmark: _Toc481783276]When 64QAM is configured and the DCI indicates that PDSCH is transmitted without repetitions, reinterpret the frequency hopping flag as the MSB in a 5 bit MCS index to be used in the MCS and TBS tables.
[bookmark: _Toc481708748][bookmark: _Toc481709777][bookmark: _Toc481782227][bookmark: _Toc481782940][bookmark: _Toc481783277]Reuse the existing Rel-8 MCS and TBS tables. 
[bookmark: _Toc481708749][bookmark: _Toc481709778][bookmark: _Toc481782228][bookmark: _Toc481782941][bookmark: _Toc481783278]Introduce a rule and/or formula to limit the TBS to the maximum applicable value for the UE category and/or configured bandwidth. 
[bookmark: _Toc481782942][bookmark: _Toc481783279]When several TBS indices in the TBS table indicate the same TBS after limiting to the maximum applicable TBS, the UE shall expect only the minimum of these TBS indices to be used by the network.
CQI table modification
The existing CQI table applicable for BL/CE UEs, Table 7.2.3-3 in 36.213, include only entries associated with 16QAM entries. 
Table 7.2.3-3: 4-bit CQI Table 3
	CQI index
	modulation
	
code rate x 1024 x 
	
efficiency x 

	0
	out of range

	1
	QPSK 
	40
	0.0781

	2
	QPSK 
	78
	0.1523

	3
	QPSK 
	120
	0.2344

	4
	QPSK
	193
	0.3770

	5
	QPSK 
	308
	0.6016

	6
	QPSK
	449
	0.8770

	7
	QPSK 
	602
	1.1758

	8
	16QAM 
	378
	1.4766

	9
	16QAM 
	490
	1.9141

	10
	16QAM 
	616
	2.4063

	11
	Reserved 
	Reserved
	Reserved

	12
	Reserved
	Reserved
	Reserved

	13
	Reserved
	Reserved
	Reserved

	14
	Reserved 
	Reserved
	Reserved

	15
	Reserved 
	Reserved
	Reserved



As can be seen, there are 5 reserved entries not used so far, and it has been proposed e.g. in [4] to reuse some entries associated with 64QAM for Rel-8 LTE UEs, Table 7.2.3-1. 
Table 7.2.3-1: 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



Since there are 6 such entries, one need either to skip one entry or use a coarser code rate grid. However, the highest code rate 948/1024 typically corresponds to the highest TBS value for each PRB column. And since the TBS table is pruned anyway due to the limit on maximum TBS for each category and/or configured bandwidth, the highest code rate can be used only in a very few limited cases. Thus, similar to [4], we propose to reuse the entries associated with CQI index 10-14 in Table 7.2.3-1 in place of the Reserved entries associated with CQI index 11-15 in 7.2.3-3. It is suggested that a UE is not expected to report these values unless it is configured with 64QAM modulation.
[bookmark: _Toc481708750][bookmark: _Toc481709779][bookmark: _Toc481782229][bookmark: _Toc481782943][bookmark: _Toc481783280]Reuse entries associated with CQI index 10-14 in Table 7.2.3-1 in 36.213 in place of the reserved entries in the CQI table applicable for Rel-13 BL/CE UEs. 
[bookmark: _Toc481709780][bookmark: _Toc481782230][bookmark: _Toc481782944][bookmark: _Toc481783281]A BL/CE UE is not expected to report CQI values 11-15 unless it is configured with 64QAM modulation.
  
Conclusion
In this contribution we have discussed aspects of introducing 64QAM in order to increase the PDSCH spectral efficiency. We have made following proposals
Proposal 1	When 64QAM is configured and the DCI indicates that PDSCH is transmitted without repetitions, reinterpret the frequency hopping flag as the MSB in a 5 bit MCS index to be used in the MCS and TBS tables.
Proposal 2	Reuse the existing Rel-8 MCS and TBS tables.
Proposal 3	Introduce a rule and/or formula to limit the TBS to the maximum applicable value for the UE category and/or configured bandwidth.
Proposal 4	When several TBS indices in the TBS table indicate the same TBS after limiting to the maximum applicable TBS, the UE shall expect only the minimum of these TBS indices to be used by the network.
Proposal 5	Reuse entries associated with CQI index 10-14 in Table 7.2.3-1 in 36.213 in place of the reserved entries in the CQI table applicable for Rel-13 BL/CE UEs.
Proposal 6	A BL/CE UE is not expected to report CQI values 11-15 unless it is configured with 64QAM modulation.
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