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Introduction
In a new WID for Rel-15, titled “New WID on Even further enhanced MTC for LTE”, there are outlined proposals on how to further improve eMTC by building upon the enhancements introduced in Rel-13 and Rel-14. One of the WI objectives concerns:
Improved spectral efficiency:
· Increased PDSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· Specify optional support for 64QAM for unicast PDSCH (no UE peak rate increase is intended).
So far, the increased spectrum efficiency for PDSCH has only been discussed in RAN1. The work in RAN1, up until RAN1#89, has almost been concluded. Hence, in this paper, we discuss work needed in RAN2 to meet the WI objective.
In this paper, we discuss increased PDSCH spectrum efficiency from a RAN2 perspective
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The status after the RAN1#89 meeting are the following agreements:
Agreement:
· A capability is introduced for Rel-15 BL/CE UEs for the support of 64QAM in CE Mode A without repetitions.
· For Rel-15 BL/CE UEs, when 64QAM is enabled via higher layer configuration,
· When the DCI indicates no PDSCH repetition,
· The MCS field in DCI format 6-1A UE-specific search space is extended to 5 bits by reinterpreting the frequency hopping flag as the MSB
· The size of DCI format 6-1A is not changed.
· The modulation and TBS index table is reused from Table 7.1.7.1-1 in TS 36.213.
· The TBS is determined using Table 7.1.7.2.1-1 in TS 36.213 with the following restriction:
· The max TBS in Rel-14 is used wherever the TBS value in Table 7.1.7.2.1-1 exceeds the max TBS in Rel-14.
Working assumption:
· For Rel-15 BL/CE UEs, when 64QAM is enabled via higher layer configuration,
· The CQI table is as below.

	CQI index
	modulation
	code rate x 1024 x [image: cid:image003.png@01D2E068.A6DE41D0]
	efficiency x [image: cid:image003.png@01D2E068.A6DE41D0]

	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
	64QAM
	466
	2.7305

	12
	64QAM
	567
	3.3223

	13
	64QAM
	666
	3.9023

	14
	64QAM
	772
	4.5234

	15
	64QAM
	873
	5.1152



The above agreement from RAN1 comprises lower layer functionality for 64QAM in PDSCH.  In short, the agreement says that if radio conditions are good enough, i.e. where no repetitions are needed, the eNB may use 64QAM for DL transmissions and the UE needs to be prepared to receive with the new modulation. To make use of the higher modulation, changes to CQI measurements are needed. Note that the agreed changes do not result in increased peak bit rate. This since the maximum transport block sizes will be retained also for 64QAM. 
Some rule is needed to make sure the TBS are limited accordingly depending on the UE category and/or configured bandwidth. Also, some check of CE level is needed since RAN1 has agreed that 64QAM can only be used when the DCI indicates that PDSCH is transmitted without repetitions. Most changes are captured in RAN1 specifications. However, necessary UE configurations are needed to be able to setup communication with 64QAM. 

[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc486514172][bookmark: _Toc487027358][bookmark: _Toc489960526][bookmark: _Toc489961362][bookmark: _Toc490213052]A UE capability to support 64QAM PDSCH is needed.
[bookmark: _Toc486514173][bookmark: _Toc490213053][bookmark: _Toc487027359][bookmark: _Toc489960527][bookmark: _Toc489961363]Configuration options for CQI needs to be added; addition involves new CQI indices 11-15 in the table above, changes that are handled by RAN1 
[bookmark: _Toc486514174][bookmark: _Toc487027360][bookmark: _Toc489960528][bookmark: _Toc489961364][bookmark: _Toc490213054]RAN1 has agreed that 64QAM can only be used when the DCI indicates that PDSCH is transmitted without repetitions.

[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc486514176][bookmark: _Toc487027362][bookmark: _Toc489960534][bookmark: _Toc489961365][bookmark: _Toc490213079]Add necessary support for 64QAM, i.e. new UE capability, in 36.331 specification. 

Note that the agreement is for “Rel-15 BL/CE UEs”. This means that it should apply to all UEs configured in CE Mode A, not just Cat M*. 
Conclusion
In section 2 we made the following observations:
Observation 1	A UE capability to support for 64QAM PDSCH is needed.
Observation 2	Configuration options for CQI needs to be added; addition involves new CQI indices 11-15 in the table above, changes that are handled by RAN1
Observation 3	RAN1 has agreed that 64QAM can only be used when the DCI indicates that PDSCH is transmitted without repetitions.

Based on the discussion in section 2 we propose the following:
Proposal 1	Add necessary support for 64QAM, i.e. new UE capability, in 36.331 specification.

Text proposal is provided in a 36.331 CR [3].
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