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1
Introduction

As part of the LTE small cell enhancements - physical layer aspects Work Item, DL 256QAM operation is being defined. In this contribution, we discuss the options for updating the UE categories [1] to accommodate 256QAM.  In particular, we address the following questions: 

· Whether 256QAM support indication is needed

· Whether 256QAM support should be indicated within a category or in separate categories

· Whether 256QAM support should be band dependent

· Whether 256QAM support should be MIMO capability dependent

· Whether existing categories should support 256QAM

· Whether existing category parameters should be updated for the support of 256QAM
· Whether parameters of new categories should be different for 256QAM and 64QAM support

2
Discussion

Since the eNB clearly needs to know whether the UE supports 256QAM, and support of 256QAM should not be mandatory for all Rel-12 UEs, a 256QAM capability indication should be defined. 

To indicate UE support of 2565QAM, there are two distinct approaches: 

· A) define support of up to 256QAM and up to 64QAM as separate categories
· B) define support of up to 256QAM as a capability within the same UE category
We prefer option B), hence we make the following proposal
· Proposal 1:  Define a 256QAM support capability within each applicable UE category

The next question is whether the 256QAM capability should be band dependent. The motivation to make this capability band dependent is that the high Rx EVM required for 256QAM operation may be difficult to achieve in certain high frequency bands. However, this can be addressed in the RAN4 specifications.

· Proposal 2:  Define 256QAM capability as band independent. RAN4 to address the potential need for band dependent performance requirements.
It has been decided that the specification should support DL 256QAM for all MIMO ranks, including Rank 8. However, since the 256QAM gains are only expected to be present in the low rank cases, it wold make sense to reduce implementation and test burden by splitting the 256QAM capability according to MIMO capability as in the next proposal.

· Proposal 3:  Define 256QAM capability as MIMO capability dependent with two capability bits: 

1. 256QAM-UpToTwoLayersSupportedDL:  The UE supports 256QAM on any CC for which the indicated MIMO capability is two layers (MIMO-CapabilityDL-r10 = twoLayers)
2. 256QAM-SupportedDL: The UE supports 256QAM on any CC
If 256QAM is a capability within each category, it should be decided which categories it should apply to and in particular, whether it should be applicable to existing categories. In our view, 256QAM can be made applicable to any UE category, including existing categories.  It could be discussed whether some lower categories don’t need to adopt 256QAM but given that support of 256QAM should be optional at both the eNB and UE, such restrictions are not essential. 
· Proposal 4:  Define 256QAM capability for every category, including existing UE categories 

If proposal 4 is adopted, the next question is which, if any, UE parameters should be updated. These parameters include:

· Maximum number of DL-SCH transport block bits received within a TTI

· Maximum number of bits of a DL-SCH transport block received within a TTI

· Total number of soft channel bits

In our view, none of the parameters should be updated (increased) for 256QAM in any of the existing UE categories. This implies that the highest MCS values cannot be used with full RB allocation in a 20MHz system for existing category UEs. However, the 256QAM spectral efficiency can be achieved still when more than one UE are scheduled in a 20MHz LTE BW and it can be always achieved in less than 20MHz LTE BW.  The motivation for this approach is that existing categories are associated with existing designs in terms of UE architecture and processing power, which should not be changed in our opinion. 
· Proposal 5:  When applying 256QAM capability to existing UE categories, keep the existing category parameters, such as Maximum number of DL-SCH transport block bits received within a TTI; Maximum number of bits of a DL-SCH transport block received within a TTI; Total number of soft channel bits

For new categories introduced in the future, the categories may be split in terms of parameters so that 256QAM can achieve the maximum possible peak data rate. 
· Proposal 6:  For new categories to be introduced in the future, the categories may be split in terms of parameters such as Maximum number of DL-SCH transport block bits received within a TTI; Maximum number of bits of a DL-SCH transport block received within a TTI; Total number of soft channel bits

An example of the introduction of 256QAM is shown in Tables 1 and 2 below. 
Table 1: Downlink physical layer parameter values set by the field ue-Category
	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
	Maximum modulation order

	Category 1
	10296
	10296
	250368
	1
	6 or 8

	Category 2
	51024
	51024
	1237248
	2
	6 or 8

	Category 3
	102048
	75376
	1237248
	2
	6 or 8

	Category 4
	150752
	75376
	1827072
	2
	6 or 8

	Category 5
	299552
	149776
	3667200
	4
	6 or 8

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4
	6 or 8

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4
	6 or 8

	Category 8
	2998560
	299856
	35982720
	8
	6 or 8

	Category 9
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4
	6 or 8

	Category 10
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4
	6 or 8

	Category x
	603008 (64QAM)
814816 (256QAM)
	149776 (4 layers and 64QAM)

75376 (2 layers and 64QAM)
203704 (4 layers and 256QAM)

101840 (2 layers and 256QAM)
	7308288 (64QAM)

9744384 (256QAM)
	2 or 4
	6 or 8

	Category y
	603008 (64QAM)

814816 (256QAM)
	149776 (4 layers and 64QAM)

75376 (2 layers and 64QAM)

203704 (4 layers and 256QAM)

101840 (2 layers and 256QAM)
	7308288 (64QAM)

9744384 (256QAM)
	2 or 4
	6 or 8

	NOTE:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.


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

	Category 9
	51024
	51024
	No

	Category 10
	102048
	51024
	No

	Category x
	51024
	51024
	No

	Category y
	102048
	51024
	No


3
Conclusions

In this contribution, we discussed the options for updating the UE categories to accommodate 256QAM.  The following proposals have been made: 
· Proposal 1:  Define a 256QAM support capability within each applicable UE category
· Proposal 2:  Define 256QAM capability as band independent. RAN4 to address the potential need for band dependent performance requirements.
· Proposal 3:  Define 256QAM capability as MIMO capability dependent with two capability bits: 

1. 256QAM-UpToTwoLayersSupportedDL:  The UE supports 256QAM on any CC for which the indicated MIMO capability is two layers (MIMO-CapabilityDL-r10 = twoLayers)
2. 256QAM-SupportedDL: The UE supports 256QAM on any CC
· Proposal 4:  Define 256QAM capability for every category, including existing UE categories 
· Proposal 5:  When applying 256QAM capability to existing UE categories, keep the existing category parameters, such as Maximum number of DL-SCH transport block bits received within a TTI; Maximum number of bits of a DL-SCH transport block received within a TTI; Total number of soft channel bits
· Proposal 6:  For new categories to be introduced in the future, the categories may be split in terms of parameters such as Maximum number of DL-SCH transport block bits received within a TTI; Maximum number of bits of a DL-SCH transport block received within a TTI; Total number of soft channel bits
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