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1   Introduction
At RAN2#82, RAN2 discussed whether it is feasible to decouple UL 64QAM from the UE category and agreed that from upper layer signaling point of view, it is feasible to decouple UL 64QAM from the categories 5 and 8 and introduce a separate capability.  RAN2 then realized that capability related issues should be decided in RAN plenary, therefore RAN2 did not agree whether or not this capability should be split and leaves the decision on whether and from which release this should be done to RAN plenary.  In this paper, we continue the discussion and give the possible way forward on 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 UEs will support UL CA and UL MIMO in the next few years. Still UL throughput and capacity, may be improved by the use of UL 64QAM. Unfortunately according to TS36.306, the UL 64QAM is coupled with a certain UE category, i.e. only Cat.5 and Cat.8 UE can support it, and this  restricts the usage of UL 64QAM too much because it requires support of all other features associated with these higher UE categories. 

Therefore, removing the restriction of associating UL 64QAM only to the highest UE category will allow UE vendors to implement the feature without having to implement all other features associated with the related UE categories and networks will benefit earlier from the associated gains in uplink throughput and capacity.

In fact some companies in the past tried already to define the requirement of UL 64QAM in RAN4, but at that time it was postponed in RAN4, considering that there was no real deployment requirement for this feature. Nevertheless, the situation is totally different now: lots of DL features are deployed to enhance DL throughput and capacity, so the UL becomes the real bottleneck of operator’s network. We believe that the UL 64QAM can increase operator’s UL throughput and capacity significantly.

Therefore we propose:

 Proposal 1a:
Decouple UL 64QAM from UE category.
Proposal 1b:
Start from Rel-10.
There are two solutions to decouple UL 64QAM from category:
Alt 1: introduce a 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, a reasonable way is to allow Cat.6 and 7 UE to support UL 64QAM.

Observation 1:
the capability bit could be introduced for Cat.6 and 7 UEs;
Below we list the 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 categories 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 more complex and already when the UE categories were introduced the goal was to have only a limited number, therefore we prefer Alt1.

Proposal 2:
 introduce a capability bit to indicate the support of UL 64QAM for Cat.6 and 7 UEs. 
Considering that there is no technical difference in supporting UL 64QAM between FDD and TDD, according to the principle that we agreed before for the possible splitting of capability between FDD and TDD, this capability shall be same for FDD and TDD.

Proposal 3:
the capability bit shall be same for FDD and TDD; 
For the question whether this capability shall be different for different band, considering that for Cat.5 and Cat.8 we did not distinguish it at band level, we propose:
Proposal 4:
the capability bit shall be band independent; 
For the moment some requirements on UL 64QAM are missing in RAN4 specifications, e.g. EVM and maximum output power, therefore we propose:
Proposal 5:
the requirements of UL 64QAM shall be defined in RAN4; 
3   Conclusion
In this paper, we analyzed the details on how to support UL 64QAM. We propose:

Proposal 1a:
Decouple UL 64QAM from UE category.
Proposal 1b:
Start from Rel-10.
Proposal 2:
 Introduce a capability bit to indicate the support of UL 64QAM for Cat.6 and 7 UEs. 
Proposal 3:
The capability bit shall be same for FDD and TDD; 
Proposal 4:
The capability bit shall be band independent; 
Proposal 5:
The requirements of UL 64QAM shall be defined in RAN4; 
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