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1   Introduction
Currently UL 64QAM is coupled with UE category. Only Cat.5 and Cat.8 UE can support UL 64QAM. In practice, it is difficult to support Cat.5 and Cat.8 due to the cost and complexity of some DL features. Therefore we can not enjoy the gain from UL 64QAM sufficiently.  In this paper, we analyze how to decouple UL 64QAM from the UE category.
2   Discussion
There are three methods to improve UL throughput and/or capacity: UL 64 QAM, UL CA and UL MIMO. Due to chipset cost and complexity, not many UE will support UL CA and UL MIMO in the next few years. To improve UL throughput and capacity, the easy way is 64QAM. But according to TS36.306, the UL 64QAM is coupled with category, i.e. only Cat.5 and Cat.8 UE can support it. It restricts the usage of UL 64QAM too much.
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


It will benefit UL throughput and capacity of network if we remove such restriction. Therefore we propose:

  Proposal 1:
Decouple UL 64QAM from category.
There are two solutions to decouple UL 64QAM from category:
Alt 1: introduce capability bit for UL 64QAM;
With this solution, we need to introduce new bit to indicate the support of UL 64QAM in UE AS capability; and we need to define the Uplink physical layer parameter values set in case the UE supports UL 64QAM for non Cat.5/8 case.  Considering the possible roadmap, the reasonable way is to allow Cat.6 and 7 UE to support UL 64QAM.

Observation 1:
the capability bit is introduced for Cat.6 and 7 UEs;
Following we list updated “Uplink physical layer parameter values set” for Cat.6 and 7 UEs in case UL 64QAM is supported:

Table 1: Uplink physical layer parameter values set
	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 6
	51024
75376
	51024
75376
	No
Yes

	Category 7
	102048
150752
	51024
75376
	No
Yes


Alt 2: introduce new category for UL 64QAM;
With this solution, we need to introduce new categories for each old category which may support UL 64QAM; and we need to define new DL/UL physical layer parameter values set for new categories, for instance:

Table 2: Downlink physical layer parameter values set
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 9
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 10
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4


Table 3: Uplink physical layer parameter values set
	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 9
	75376
	75376
	Yes

	Category 10
	150752
	75376
	Yes


Obviously Alt2 is too complexity. Therefore we prefer Alt1.

Proposal 2:
 introduce capability bit to indicate the support of UL 64QAM for Cat.6 and 7 UEs.
3   Conclusion
In this paper, we analyze how to enjoy the gain on improve UL capacity and throughput from UL 64QAM. We propose:

Proposal 1:
Decouple UL 64QAM from category.
Observation 1:
the capability bit is introduced for Cat.6 and 7 UEs;
Proposal 2:
 introduce capability bit to indicate the support of UL 64QAM for Cat.6 and 7 UEs.
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