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1 Introduction
In principle, the specification today already provides support for usage of 64QAM in the uplink. However in practice 64QAM is so far not used mainly due to two reasons:

1) Missing UE performance requirements

2) Support is only allowed (actually mandated) for 2 high-end UE categories i.e. UE categories 5 and 8
In the past, support for 64QAM has been often discussed in RAN plenary and RAN WG’s. E.g. as recent as RAN2#82 (Fukuoka Japan, 20-24 May 2013), RAN2 made the following agreements:

	Agreements
=>
It is feasible to decouple 64AQM from the categories 5 and 8 and introduce a separate capability

=>
It should be discussed whether the capability would need to be separated per band or mode. (this may depend on outcome of RAN4 work) 

=>
It needs to be ensured that the UE supporting 64QAM by default uses the legacy soft buffer size and only if configured by the eNB to apply 64QAM it uses the larger soft buffer (to ensure backwards compatibility with eNBs)

=>
RAN2 leaves the decision whether this should be done to RAN plenary.  


Since we recently became aware of an increasing market interest for 64QAM, we discuss both the above listed reasons in the next sections, in order to enable a practical support for 64QAM in UL in the near future.
2 Missing UE performance requirements
RAN4 did so far not specify any UE performance requirements for 64QAM. We support starting a short RAN4 WID to address this deficiency.

Proposal 2.1: 
RAN#63 should approve a 6 months RAN4 WID to specify UE performance requirements on MPR, A-MPR and EVM for UL 64QAM.

Since requirements on e.g. CA A-MPR requirements are band specific, we expect it will not be possible for RAN4 to agree on requirements for all existing bands in a 6 months WID. Therefore we propose:

Proposal 2.2: 
This first 64QAM WID should specify the performance requirements, especially the CA A-MPR requirements for 1 or 2 selected bands. RAN#63 should discuss which of the existing bands the WID should focus on.
64QAM performance requirements for other bands can be addressed by other WID’s, after finalisation of this first WID.
3 Enabling 64QAM support by non-cat5/8 UE’s

As indicated, the second issue is that today only high end UE’s of categories 5 and 8 are able to use 64QAM. We think it would be good if 64QAM support could be indicated by the UE independent of the supported category.

Proposal 3.1: 
RAN#63 should ask RAN1 & RAN2 to provide CR’s to RAN#64 enabling a UE to indicate support for 64QAM explicitly.
W.r.t. the optional support by the different categories, the following can be noted:

	UE category
	Consideration

	0
	Low-cost MTC related UE capability. 
RAN1#74 already agreed that cat 0 UE’s would not support 64QAM

	1
	Usefulness of optional support for 64QAM can be debated

	2
	Usefulness of optional support for 64QAM can be debated

	3
	Usefulness of optional support for 64QAM can be debated

	4
	Usefulness of optional support for 64QAM can be debated

	5
	64QAM support already mandated

	6
	Enabling optional support for 64QAM seems sensible

	7
	Enabling optional support for 64QAM seems sensible

	8
	64QAM support already mandated

	9
	New category to be agreed at RAN#63. 
Enabling optional support for 64QAM seems sensible

	10
	New category to be agreed at RAN#63. 
Enabling optional support for 64QAM seems sensible


Proposal 3.2: 
RAN#63 to agree that it should be possible for at least category 6,7,9 and 10 UE’s to indicate optionally the support for 64QAM. RAN#63 is requested to also discuss the usefulness of introducing optional 64QAM support for categories 0,1,2,3 and 4.
As explained in section 2, we expect that the 64QAM performance requirements for different bands will be specified at different points in time. Therefore it should also be possible for a UE to indicate support for 64QAM separately per band. RAN2 can further discuss whether this support should be indicated per band, or per band per bandcombination.

Proposal 3.3: 
UE capability signalling should enable the UE to signal per band whether it supports 64QAM or not. RAN2 can discuss whether this support should be indicated per band, or per band per bandcombination.
Existing systems deployed today will assume that UE’s of existing categories other than 5 and 8, will not be using 64QAM even if configured with an MCS index of 21-28. To avoid a backward compatibility problem, therefore UE’s supporting 64QAM should only use this feature if explicitly allowed by the network.
Proposal 3.4: 
Signalling should be introduced by which the network can explicitly indicate it supports usage of 64QAM by UE categories other than 5 and 8.
For information, we list in the Annex several more detailed aspects that RAN1 and RAN2 will have to discuss.

4 Conclusions

As a result of the above, RAN is requested to agree on the following proposals:
Proposal 2.1: 
RAN#63 should approve a 6 months RAN4 WID to specify UE performance requirements on MPR, A-MPR and EVM for UL 64QAM.

Proposal 2.2: 
This first 64QAM WID should specify the performance requirements, especially the CA A-MPR requirements for 1 or 2 selected bands. RAN#63 should discuss which of the existing bands the WID should focus on.
Proposal 3.1: 
RAN#63 should ask RAN1 & RAN2 to provide CR’s to RAN#64 enabling a UE to indicate support for 64QAM explicitly.
Proposal 3.2: 
RAN#63 to agree that it should be possible for at least category 6,7,9 and 10 UE’s to indicate optionally the support for 64QAM. RAN#63 is requested to also discuss the usefulness of introducing optional 64QAM support for categories 0,1,2,3 and 4.
Proposal 3.3: 
UE capability signalling should enable the UE to signal per band whether it supports 64QAM or not. RAN2 can discuss whether this support should be indicated per band, or per band per bandcombination.
Proposal 3.4: 
Signalling should be introduced by which the network can explicitly indicate it supports usage of 64QAM by UE categories other than 5 and 8.
Annex A: RAN1/RAN2 discussion details
RAN1

RAN1 will have to provide the uplink physical layer parameters for the 64QAM TB/TTI
Current uplink physical layer parameters for Categories 1 - 8:

Table 4.1-2: Uplink physical layer parameter values set by the field ue-Category

	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	Category 1
	5160
	5160
	No

	Category 2
	25456
	25456
	No

	Category 3
	51024
	51024
	No

	Category 4
	51024
	51024
	No

	Category 5
	75376
	75376
	Yes

	Category 6
	51024
	51024
	No

	Category 7
	102048
	51024
	No

	Category 8
	1497760
	149776
	Yes


Additional parameters for the support of 64QAM for Categories 3 – 10 could be:

Table 4.1-2A: Uplink physical layer parameter values set by the field ue-Category
in case of 64QAM support
	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI

	Category 3
	75376
	75376

	Category 4
	75376
	75376

	Category 5
	75376
	75376

	Category 6
	75376
	75376

	Category 7
	150752
	75376

	Category 8
	1497760
	149776

	Category 9
	75376
	75376

	Category 10
	150752
	75376


RAN2

RAN2 will have to:

1) 
Compute the updated soft-buffer requirements based on the new uplink physical layer parameters agreed by RAN1.

2) 
Specify the updated UE capability signalling (FFS per band or per band per bandcombination)

3) 
Specify the signalling by which the network can control the usage of 64QAM by non cat5/8 UE’s. We assume this could be done as follows:

Current signalling:

PUSCH-ConfigCommon ::=



SEQUENCE {


pusch-ConfigBasic




SEQUENCE {



n-SB







INTEGER (1..4),



hoppingMode






ENUMERATED {interSubFrame, intraAndInterSubFrame},



pusch-HoppingOffset




INTEGER (0..98),



enable64QAM






BOOLEAN


},


ul-ReferenceSignalsPUSCH


UL-ReferenceSignalsPUSCH

}
	enable64QAM

See TS 36.213 [23, 8.6.1]. TRUE indicates that 64QAM is allowed while FALSE indicates that 64QAM is not allowed.


Updated signalling:
PUSCH-ConfigCommon ::=



SEQUENCE {


pusch-ConfigBasic




SEQUENCE {



n-SB







INTEGER (1..4),



hoppingMode






ENUMERATED {interSubFrame, intraAndInterSubFrame},



pusch-HoppingOffset




INTEGER (0..98),



enable64QAM






BOOLEAN


},


ul-ReferenceSignalsPUSCH


UL-ReferenceSignalsPUSCH

}
PUSCH-ConfigCommon-v11xy ::=

SEQUENCE {



enable64QAMOtherCat




BOOLEAN

}
	enable64QAM

See TS 36.213 [23, 8.6.1]. TRUE indicates that 64QAM is allowed to be used by UEs of category 5 and category 8, while FALSE indicates that 64QAM is not allowed to be used by these UE’s.

	enable64QAMOtherCat
See TS 36.213 [23, 8.6.1]. TRUE indicates that 64QAM is allowed to be used by UEs of category 6,7,9 and 10, while FALSE indicates that 64QAM is not allowed to be used by these UE’s.








