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1 Introduction
In RAN1#78 meeting support of 256QAM has been agreed for some UE categories [1]. More specifically, two new UE categories 11 and 12 with peak data rate of approximately 600Mbps with optional support of 256QAM are introduced, and existing UE categories 6 and 7 are extended for 256QAM with all relevant physical layer parameters increased except total number of soft channel bits. The RAN1 agreements on UE categories are captured in the table below. 

Table 1. Physical layer parameter for the UE categories
	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 6
	301504 (-)
391632 (256QAM configured; FFS if it is applicable to UEs without 256QAM configuration or capability)
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4

	Category 7
	301504(-)
391632 (256QAM configured; FFS if it is applicable to UEs without 256QAM configuration or capability)
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	Category 9
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	Category 10
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	Category 11
	[587376]
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	[7114752]
	2 or 4

	Category 12
	[587376]
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	[7114752]
	2 or 4

	Category 13
	3916560
	391656
	47431680
	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.


For UE categories 11 and 12, it was also agreed to change the peak data rate value in the table above based on the maximum instead of minimum of 4 possible peak data rate values for this UE category. In this contribution we provide our views on the remaining details of Rel-12 UE categories as well as introduction of possible new Rel-11 UE categories for 600Mbps DL as discussed in RAN#65 [3].
2 Discussion
Release for UE category 11 and 12 

In RAN1#78 it was agreed to introduce two new UE categories 11 and 12 with downlink peak data rate of 600 Mbps. The first issue is which LTE-A release the new UE categories 11 and 12 should be applied. Given that the processing requirements of UE categories 11 and 12 can already be achieved by using combinations of MIMO and carrier aggregation without 256QAM, introduction of UE categories 11 and 12 in Rel-11 is feasible without 256QAM support. 

Proposal 1:
· UE categories 11 and 12 is introduced in Rel-11 by using combinations of MIMO and carrier aggregation without 256QAM 

· 256QAM should be applied to UE categories 11 and 12 only in Release 12. The support of 256QAM can be indicated by UE capability signaling in Rel-12. 

Peak data rate definition for UE category 11 and 12

In accordance to the TS 36.306, UE is required to meet all processing requirements, i.e., maximum number of DL-SCH/UL-SCH transport block bits received/transmitted within a TTI, maximum number of bits of a DL-SCH/UL-SCH transport block received/transmitted within a TTI, and total number of soft channel bits for downlink indicated by the UE category at least in one signaled band combinations. In other combinations the actual processing requirements could be smaller. Figure 1 shows the relevant text for this requirement. 

	…

The carrier aggregation and MIMO capabilities indicated for at least one band combination shall meet the processing requirements defined by the physical layer parameter values in the UE category (i.e., maximum number of DL-SCH/UL-SCH transport block bits received/transmitted within a TTI, maximum number of bits of a DL-SCH/UL-SCH transport block received/transmitted within a TTI, and total number of soft channel bits for downlink).


Figure 1: Definition of the minimum processing requirements for UE category
On the other hand, RAN1#78 meeting agreement for UE categories 11 and 12 to increase the peak data rate based on the maximum instead of minimum of 4 possible peak data rate values for this UE category, implies that the existing TS 36.306 requirements should be relaxed in the sense that the highest peak data rate indicated in the UE category (i.e. maximum number of DL-SCH transport block bits received within a TTI) does not need to be strictly followed. Therefore, the corresponding text modifications to the requirement shown Figure 1 should be considered along with the updates to physical layer parameters shown in Table 2. 

Table 2: Possible changes for UE category 11 and 12 to support increased peak data rate
	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 11
	[587376]

603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	[7114752]

7308288
	2 or 4

	Category 12
	[587376]

603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	[7114752]

7308288
	2 or 4

	Category 13
	3916560
	391656
	47431680
	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.


On the other hand, considering the specification changes that needs to be made only for UE categories 11 and 12 w.r.t. minimum processing requirements, other options for the peak data rate definition may be considered. For example, the peak data rate can be selected based on the minimum value among all possible combinations or set of the possible peak data rate values can be provided for each scenario. Based on the discussion above the following proposal can be made.

Proposal 2:
· Discuss the following  options for the peak data rate definition for UE categories 11 and 12

Option 1:

· For UE categories 11 and 12, the physical layer parameters are updated in accordance to Table 2 (the peak data rate and number of soft channel bits are determined based on the maximum over possible combinations)

· The minimum processing requirements in Figure 1 corresponding to the “maximum number of DL-SCH/UL-SCH transport block bits received/transmitted within a TTI” should be revised for UE categories 11 and 12.

Option 2:

· For UE categories 11 and 12, the physical layer parameters are updated in accordance to Table 1  (the peak data rate and number of soft channel bits are determined based on the minimum over possible combinations)

· No other spec changes are required to 36.306.

Our current preference is Option 2.
Different peak data rates for the same UE category 
In RAN1#78 meeting it has been agreed to introduce 256QAM support for UE categories 6 and 7 by increasing all relevant physical layer parameters except the total number of soft channel bits. This agreement implies that UE categories 6 and 7 would support two peak data rates depending on UE capability signalling for 256QAM. On the other hand, the general design principle of UE categories has considered one to one relationship between UE category and the peak data rate. Therefore, RAN1 agreement breaks the well-established principle that would have a consequence of potential confusion on the market. Based on the above UE category design principle, similar to the proposal in [2], we recommend decoupling newly introduced changes for UE categories 6 and 7 into separate UE categories 6A and 7A. 
Proposal 3:

· Decouple 256QAM UE capability in UE category 6 and 7 into separate UE categories 6A and 7A to achieve one to one correspondence between the peak data rate and UE category.
Considering that in Rel-11 UE categories 9, 10 and UE categories 11, 12 can already achieve the peak data rates of 450 Mbps and 600 Mbps respectively and in Rel-10 UE categories 6 and 7 can provide peak data rate of 300 Mbps, further discussion is required on the need of introducing UE categories 6A and 7A with 400 Mbps peak data rate in Rel-12.

Proposal 4:

· RAN1 to further discuss the benefits of introducing peak data rate of 400Mbps in UE category table for Rel-12.
3 Summary

In this contribution we provide our views on the remaining details of Rel-12 UE categories as well as introduction of possible new Rel-11 UE categories for 600Mbps DL as discussed in RAN#65. The following proposals have been made:
Proposals:

· UE categories 11 and 12 is introduced in Rel-11 by using combinations of MIMO and carrier aggregation without 256QAM 

· 256QAM should extend UE categories 11 and 12 only in Release 12.

· Discuss the following  options for the peak data rate definition for UE categories 11 and 12

Option 1:

· For UE categories 11 and 12, the physical layer parameters are updated in accordance to Table 2 (the peak data rate and number of soft channel bits are determined based on the maximum over possible combinations)

· The minimum processing requirements in Figure 1 of TS 26.306 corresponding to the “maximum number of DL-SCH/UL-SCH transport block bits received/transmitted within a TTI” should be revised for UE categories 11 and 12.

Option 2:

· For UE categories 11 and 12, the physical layer parameters are updated in accordance to Table 1  (the peak data rate and number of soft channel bits are determined based on the minimum over possible combinations)

· No other changes are required to TS 36.306.

Our current preference is Option 2.

· Decouple 256QAM UE capability in UE category 6 and 7 into separate UE categories 6A and 7A to achieve one to one correspondence between the peak data rate and UE category.

· RAN1 to further discuss the benefits of introducing peak data rate of 400Mbps in UE category table for Rel-12.
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