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1
Introduction
In [1], a new WI was approved which focuses in the first phase on the 256QAM PUSCH support for LTE Rel. 14. The related objectives there read as:

This work item will specify 256QAM support in UL for LTE. The support of 256QAM shall be specified in a generic manner for both licensed and unlicensed spectrum. Focus of the work should be specific to the support of small cell deployments or deployments with eNB with many receive antennas. The detailed work starts from Q2 2016, the objectives are

· Introduce new MCS table and signalling to support 256QAM in UL [RAN1]

· Define applicable RRC signalling, UE capability and potential new UE categories [RAN2, RAN1]

· Introduce RF requirements for single carrier and for carrier aggregation on both licensed and unlicensed spectrum [RAN4]

In this contribution, we discuss extension of the current UL UE categories in order to support UL 256QAM as well as the related UE capability signalling. In Section 2, new UL 256QAM UE categories are suggested and the related UL/DL UE category combinations are covered in Section 3. The UE capability signalling for Rel-14 256QAM UL PUSCH is discussed in Section 4.
2
Extension of UL UE categories towards Rel. 14
The current status of the Rel. 13 ue-CategoryUL is shown in Table 4.1A-2 from TS 36.213 (v. 13.0.0) as: 
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

	UL Category 0
	1000
	1000
	No

	UL Category 3
	51024
	51024
	No

	UL Category 5
	75376
	75376
	Yes

	UL Category 7
	102048
	51024
	No

	UL Category 8
	1497760
	149776
	Yes

	UL Category 13
	150752
	75376
	Yes

	UL Category 14
	9585664
	149776
	Yes


Table 1: Current Rel-13 UL UE Categories according to TS 36.213
Thinking of how to extend the existing Rel. 13 UL UE categories, only those that currently support 64QAM should be the bases for the 256QAM PUSCH capability extension. Therefore, it seems feasible to introduce new UL UE categories by enhancing the capabilities of UL Categories 5, 8, 13 and 14 by the 256QAM modulation support as well as the enabled increased UL peak data rate.
Proposal 1: Introduce 4 new UL UE categories (UL Cat. 15-18) based on UL Categories 5, 8, 13 and 14 to be enhanced through 256QAM UL support as well as the needed increased maximum number of bits per TB and TTI to boost the peak data rate. 

The proposed related changes to the UE category table are given in Table 2 below (additions in red):
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 256QAM 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
	1958160
	195816
	Yes
	Yes

	UL Category 17
	195792
	97896
	Yes
	Yes

	UL Category 18
	12532224
	195816
	Yes
	Yes


Table 2: Suggested additions to the UL UE Category table with new UL 256QAM UE Categories

3
Supported UL/DL UE categories combinations
In addition, there is a need to introduce the related UL and DL UE categories combinations with changes to Table 4.1A-6 in 36.306. In Rel-12 the UE UL and DL category definitions have been split in order to enable more independent UL and DL UE category (and related capability) definitions. In the spirit of this general 3GPP intention, the related UE combinations should be extended in a way, that the new 256QAM UL UE category can be paired with the same DL UE categories as the underlying Rel-12 UL UE categories 5, 8, 13 and 14 supporting 64QAM.
The related changes to Table 4.1A-6 with the 4 new UL UE categories of Sec. 2 and the related UL/DL UE Category combinations are given in Appendix A, based on the following proposal:
Proposal 2: Extend the UL/DL UE category combinations in TS 36.306 to include for each current DL UE category paired with a 64QAM UL UE category a new combination with the respective enhanced 256QAM UL UE category, as shown in Appendix A. 
4
Extension of the Rel-12 UL 64QAM signalling framework towards Rel-14 UL 256QAM
In the Rel-12 timeframe, the WI [2] on finalizing the UL 64QAM core requirements also drove the related decoupling of UL and DL UE capabilities/categories in Rel-12, by introducing separate UL and DL UE categories to TS 36.306 and the related UE capability signalling.

The related UL 64QAM UE capability signalling is contained in TS 36.306 and TS 36.331. 

In TS 36.306 we can find as part of the physical layer parameter definition the following statement: 


[image: image1]
Looking further in TS 36.331 in Sec. 6.3.6 (‘Other Information Elements’) the following related statements about the UE-EUTRA-Capability Information Element can be found:

SupportedBandEUTRA-v1250 ::=

SEQUENCE {

dl-256QAM-r12





ENUMERATED {supported}

OPTIONAL,

ul-64QAM-r12





ENUMERATED {supported}

OPTIONAL

}

With:

	ul-64QAM

Indicates whether the UE supports 64QAM in UL on the band. This field is only present when the field ue-CategoryUL is set to 5, 8 or 13.
	No FDD/TDD diff


Reviewing the Rel-12 UE capability signalling for UL 64QAM the following can be noted:

1. A UE supporting ul-64QAM-r12 needs to support it in all frequency bands. 

2. Nevertheless, the ul-64QAM-r12 UE capability signalling itself is band specific.

3. The ul-64QAM-r12 UE capability signalling field is only present for UL UE Categories that specifically mention the 64QAM support in the ue-CategoryUL table of TS 36.306 but not applicable for any other UL UE categories. 
This signalling framework is also rather similar for DL 256QAM, where the 256QAM support applies to all frequency bands having band specific signalling and applying only to a limited number of DL UE categories. 

We think that this Rel-12 framework could be directly applied to the UL 256QAM capability signalling. Enabling the 256QAM PUSCH signalling support also for existing UL UE categories does not seem to be needed, as respective 256QAM UL UE categories are suggested to be added in Section 2 with the same MIMO & CA capabilities as the 64QAM UL UE categories anyhow. Moreover, the intended UL peak data rate increase due to 256QAM PUSCH modulation cannot be achieved with existing UE categories. Therefore, we have the following suggestion:

Proposal 3: Reuse the principles of the ul-64QAM-r12 capability signalling for the definition of the ul-256QAM-r14 capability signalling:

· A UE supporting 256QAM in UL shall support 256QAM in UL in all supported frequency bands.

· 256QAM UL is only supported with newly created UL UE Categories directly indicating the 256QAM support (i.e. ue-CategoryUL 15-18).
· [Up to RAN2] Define the UE capability signalling in a band specific manner. 

5
Summary and Conclusions
In this contribution we discuss new additional UL UE categories for 256QAM PUSCH operation. Based on the discussions we suggest to introduce 4 new UL UE categories shown as an update to Table 4.1A-2 in 36.306 in Section 2  and the UL/DL UE category combinations given in Appendix A according to the following proposal: 

· Proposal 1: Introduce 4 new UL UE categories (UL Cat. 15-18) based on UL Categories 5, 8, 13 and 14 to be enhanced through 256QAM UL support as well as the needed increased maximum number of bits per TB and TTI to boost the peak data rate. 
· Proposal 2: Extend the UL/DL UE category combinations in TS 36.306 to include for each current DL UE category paired with a 64QAM UL UE category a new combination with the respective enhanced 256QAM UL UE category, as shown in Appendix B. 

Moreover, we suggest to reuse the principles of the Rel-12 UL 64QAM UE capability signalling also for Rel-14 UL 256QAM capability signaling:

· Proposal 3: Reuse the principles of the ul-64QAM-r12 capability signalling for the definition of the ul-256QAM-r14 capability signalling:

· A UE supporting 256QAM in UL shall support 256QAM in UL in all supported frequency bands.

· 256QAM UL is only supported with newly created UL UE Categories directly indicating the 256QAM support (i.e. ue-CategoryUL 15-18).
· [Up to RAN2] Define the UE capability signalling in a band specific manner.
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Appendix A: Extended UL/DL UE Category combinations
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 6 and UL Category 5

	DL Category 7
	UL Category 13
	Category 7, 4

	DL Category 7
	UL Category 17
	Category 7, 4
DL Category 7 and UL Category 13

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

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

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

	DL Category 10
	UL Category 17
	Category 10, 7, 4
DL Category 10 and UL Category 13

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

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

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

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

	DL Category 13
	UL Category 3
	Category 6, 4

	DL Category 13
	UL Category 5
	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 15
	Category 6, 4
DL Category 13 and UL Category 5

	DL Category 13
	UL Category 17
	Category 7, 4
DL Category 13 and UL Category 13

	DL Category 14
	UL Category 8
	Category 8, 5

	DL Category 14
	UL Category 16
	Category 8, 5
DL Category 14 and UL Category 8

	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 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 15
	Category 11, 9, 6, 4

DL Category 11 and UL Category 5
DL Category 15 and UL Category 5

	DL Category 15
	UL Category 17
	Category 12, 10, 7, 4

DL Category 12 and UL Category 13
DL Category 15 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 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 15
	Category 11, 9, 6, 4

DL Category 11 and UL Category 5
DL Category 16 and UL Category 5

	DL Category 16
	UL Category 17
	Category 12, 10, 7, 4

DL Category 12 and UL Category 13
DL Category 16 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 18
	Category 8, 5
DL Category 14 and UL Category 8
DL Category 17 and UL Category 14


4.3.4.39	ul-64QAM-r12


This field defines whether the UE supports UL 64QAM. A UE that supports 64QAM in UL shall support 64QAM in UL in all supported frequency bands.








