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1 Introduction
Recently the work item on UL capacity enhancements was approved by RAN1 in [1]. The work will start in RAN1 with specification details to support UL 256QAM. When specifying support for UL 256QAM the fact that DL 256QAM is already supported within LTE can be used and hence it simplifies the design. The main aspect that we foresee in RAN1 with defining UL 256QAM is to define an associated MCS table supporting the UL 256QAM as we discuss in [2]. Further we see that there would be a need to look over the physical layer design details as we address in [3]. In this contribution we discuss UE categories and the related capabilities to support UL 256QAM.
2 Discussion
With regards to UE categories in the UL, it is important to note that currently within LTE it is possible to operate with the following cases with and without 64QAM:

· Single layer and single CC (16QAM UL cat: 3 and 64QAM UL cat: 5)

· Single layer and dual CC or two layers and single CC (16QAM UL cat: 7 and 64QAM UL cat: 13)

In addition there is a maximum UL category defined for supporting 32 UL carriers and four layers MIMO in addition to 64QAM. The above support can be easily extended when the support of 256QAM is introduced by the introduction of the applicable UE categories. It is hence proposed to introduce three new UL categories to support the similar cases as above. This would correspond to the three cases in the following proposal.
Proposal

· Introduce the following UL UE categories assuming support of UL 256QAM

· Single layer in UL and single CC in UL (max data rate: ~100 Mbps in UL ), UL UE category 15
· Single layer in UL and dual CCs in UL or two layers in UL and single CC in UL (max data rate: ~200 Mbps in UL ), UL UE category 16
· Four layers in UL and 32 UL CCs(max data rate: ~12.5 Gbps in UL), UL UE category 17
The remaining aspect is what DL UE categories the above UL UE categories should be paired with. For UL UE category 15 and 16, a direct approach is to pair them to the same DL UE categories as UL UE categories 5 and 13. This approach allows the same market flexibility that has been given to UL UE category 15 and 16. For UL UE category 17 it is clear that this should be matched to the DL UE category 17 in a similar way as UL category 14, this to create a UE category pair that allows the highest data rate possible with LTE.

Proposal

· UL UE category 15 is paired with all DL UE categories that is paired with UL UE category 5

· UL UE category 16 is paired with all DL UE categories that is paired with UL UE category 13

· UL UE category 17 is paired with DL UE category 17
The support of 64QAM is an optional feature in the UE. It follows naturally that the support of 256QAM should further be considered optional. It is foreseen that it will be discussed if the support is band specific or band agnostic. This discussion should be conducted by RAN4. Further it follows that if the UE indicates support for 256QAM it is assumed that the UE supports 64QAM in UL. 

Proposal
· UL 256QAM is an optional feature

· If the UE indicates support for UL 256QAM it also supports UL 64QAM

· Whether or not UL 256QAM is a band specific or band agnostic feature should be discussed and decided by RAN4
· Indicate the above conclusions from RAN1 to RAN4 and RAN2
3 Summary

In this contribution we discussion general UE capability and category related aspects to the support of UL 256QAM. We make the below proposals.
· Introduce the following UL UE categories assuming support of UL 256QAM

· Single layer in UL and single CC in UL (max data rate: ~100 Mbps in UL ), UL UE category 15
· Single layer in UL and dual CCs in UL or two layers in UL and single CC in UL (max data rate: ~200 Mbps in UL ), UL UE category 16
· Four layers in UL and 32 UL CCs(max data rate: ~12.5 Gbps in UL), UL UE category 17
· UL UE category 15 is paired with all DL UE categories that is paired with UL UE category 5

· UL UE category 16 is paired with all DL UE categories that is paired with UL UE category 13

· UL UE category 17 is paired with DL UE category 17

· UL 256QAM is an optional feature

· If the UE indicates support for UL 256QAM it also supports UL 64QAM

· Whether or not UL 256QAM is a band specific or band agnostic feature should be discussed and decided by RAN4

· Indicate the above conclusions from RAN1 to RAN4 and RAN2
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5 Appendix

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

	UE UL 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
	Support for 254QAM in UL

	UL Category 0
	1000
	1000
	No
	No

	UL Category 3
	51024
	51024
	No
	No

	UL Category 5
	75376
	75376
	Yes
	No

	UL Category 7
	102048
	51024
	No
	No

	UL Category 8
	1497760
	149776
	Yes
	No

	UL Category 13
	150752
	75376
	Yes
	No

	UL Category 14
	9585664
	149776
	Yes
	No

	UL Category 15
	97896
	97896
	Yes
	Yes

	UL Category 16
	195792
	97896
	Yes
	Yes

	UL Category 17
	12532224
	195816
	Yes
	Yes


Table 4.1A-6: supported DL/UL Categories combinations set by the fields ue-CategoryDL and ue-CategoryUL and UE categories to be indicated
	UE DL Category
	UE UL Category
	UE categories

	DL Category 0
	UL Category 0
	N/A

	DL Category 6
	UL Category 5
	Category 6, 4

	DL Category 6
	UL Category 15
	Category 6, 4

	DL Category 7
	UL Category 13
	Category 7, 4

	DL Category 7
	UL Category 16
	Category 7, 4

	DL Category 9
	UL Category 5
	Category 9, 6, 4

	DL Category 9
	UL Category 15
	Category 9, 6, 4

	DL Category 10
	UL Category 13
	Category 10, 7, 4

	DL Category 10
	UL Category 16
	Category 10, 7, 4

	DL Category 11
	UL Category 5
	Category 11, 9, 6, 4

	DL Category 11
	UL Category 15
	Category 11, 9, 6, 4

	DL Category 12
	UL Category 13
	Category 12, 10, 7, 4

	DL Category 12
	UL Category 16
	Category 12, 10, 7, 4

	DL Category 13
	UL Category 3
	Category 6, 4

	DL Category 13
	UL Category 5
	Category 6, 4

	DL Category 13
	UL Category 15
	Category 6, 4

	DL Category 13
	UL Category 7
	Category 7, 4

	DL Category 13
	UL Category 13
	Category 7, 4

	DL Category 13
	UL Category 16
	Category 7, 4

	DL Category 14 
	UL Category 8
	Category 8, 5

	DL Category 15
	UL Category 3
	Category 11, 9, 6, 4

	DL Category 15
	UL Category 5
	Category 11, 9, 6, 4
DL Category 11 and UL Category 5

	DL Category 15
	UL Category 15
	Category 11, 9, 6, 4
DL Category 11 and UL Category 5

	DL Category 15
	UL Category 7
	Category 12, 10, 7, 4

	DL Category 15
	UL Category 13
	Category 12, 10, 7, 4
DL Category 12 and UL Category 13

	DL Category 15
	UL Category 16
	Category 12, 10, 7, 4
DL Category 12 and UL Category 13

	DL Category 16
	UL Category 3
	Category 11, 9, 6, 4

	DL Category 16
	UL Category 5
	Category 11, 9, 6, 4
DL Category 11 and UL Category 5

	DL Category 16
	UL Category 15
	Category 11, 9, 6, 4
DL Category 11 and UL Category 5

	DL Category 16
	UL Category 7
	Category 12, 10, 7, 4

	DL Category 16
	UL Category 13
	Category 12, 10, 7, 4
DL Category 12 and UL Category 13

	DL Category 16
	UL Category 16
	Category 12, 10, 7, 4
DL Category 12 and UL Category 13

	DL Category 17 
	UL Category 14
	Category 8, 5
DL Category 14 and UL Category 8

	DL Category 17 
	UL Category 17
	Category 8, 5
DL Category 14 and UL Category 8
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