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1. Introduction
In RAN#66 and RAN#67, contributions [1][3][4] were discussed. The discussions resulted in the introduction of 750/800Mbps and 1000Mbps DL categories at RAN #67.  
In this contribution, we discuss the need for introducing further DL and UL categories. 
2. Discussion
With the introduction of eCA and LAA, the available spectrum for LTE deployment can further increase, which should be reflected in the addition of new UE categories.  
2.1. Proposed new DL categories
When introducing new categories, the peak data rate needs to be a multiple of 200Mbps (with 256QAM) or 150Mbps (without 256QAM); although with CA, a mixed sum is also possible, e.g. 3x200+3x150=1050Mbps. 
However, in order to limit the number of new categories, the step size between categories should be non-trivial. For example, it was decided that there is no need to have both 1000Mbps and 1050Mbps UE categories separately. 

Since the new category UEs are expected to have enhanced capabilities, in our view the category definition should follow the 200Mbps ‘raster’ corresponding to 256QAM support. Of course, this does *not* mean that 256QAM would be mandatory for any of the new categories. 

Based on the above requirements, we proposed the introduction of two new UE categories: 

· DL Cat 18:  1200Mbps
· DL Cat 19:  1600Mbps   

Examples of realizing the Cat 19 (16000Mbps) peak data rate are listed below: 
· 8CC 2-layer MIMO 256QAM
· 4CC 4-layer MIMO 256QAM
· 4CC 4-layer MIMO 64QAM + 3CC 2-layer MIMO 64QAM

Other realizations are also possible. 
We further propose that the new DL categories should be defined for Rel-13.
In the following, we give possible implementation of the new DL categories in the specification.
Table 4.1A-1: Downlink physical layer parameter values set by the field ue-CategoryDL
	UE DL Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	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

	DL Category 0 (Note 2)
	1000
	1000
	25344
	1

	DL Category 6
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4

	DL Category 7
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4

	DL Category 9
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4

	DL Category 10
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4

	DL Category 11
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4

	DL Category 12
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4

	DL Category 13
	391632
	195816 (4 layers, 256QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4

	DL Category 14
	3916560
	391656 (8 layers, 256QAM)
	47431680
	8

	DL Category 15
	749856-798800 (Note 3)
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM)
	9744384
	2 or 4

	DL Category 16
	978960 -1051360 (Note 3)
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM)
	12789504
	2 or 4

	DL Category 17
	25065984
	391656 (8 layers, 256QAM)
	303562752
	8

	DL Category 18
	1174752 -1206016 (Note 3)
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM)
	14616576
	2 or 4

	DL Category 19
	1566336 -1658272 (Note 3)
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM)
	19488768
	2 or 4

	NOTE 1:
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.
NOTE 2:
Within one TTI, a UE indicating category 0 shall be able to receive up to 1000 bits for a transport block associated with C-RNTI/Semi-Persistent Scheduling C-RNTI/P-RNTI/SI-RNTI/RA-RNTI and up to 2216 bits for another transport block associated with P-RNTI/SI-RNTI/RA-RNTI.

NOTE 3: 
The UE indicating category x shall reach the value within the defined range indicated by “Maximum number of DL-SCH transport block bits received within a TTI” of category x. The UE shall determine the required value within the defined range indicated by “Maximum number of DL-SCH transport block bits received within a TTI” of the corresponding category, based on its capabilities (i.e. CA band combination, MIMO, Modulation scheme).


2.2. Proposed new UL categories
With the introduction of eCA with larger number of DL carriers, it is beneficial to enable UEs with large number of UL carriers also. 
Based on the above requirements, we proposed the introduction of three new UE categories: 

· UL Cat x:  225Mbps
· UL Cat y:  300Mbps  
· UL Cat z:  400Mbps  


In the following, we give examples of realizing the Cat y (300Mbps) peak data rate: 

· 2CC 2-layer MIMO 64QAM

· 4CC no MIMO 64QAM

· 3CC no MIMO 256QAM
Other realizations are also possible. 

We further propose that the new UL categories should be defined for Rel-13.

In the following, we give possible implementation of the new UL categories in the specification.  There are two alternatives given.  
The first Alternative follows the methodology of the current UL category definition, where there is unique mapping between categories and 256QAM support.  This gives some closely spaced UL categories, e.g. 211056 and 226128 categories – a 7% difference – in total two new categories. 
The second Alternative merges the closely spaced UL categories, thereby reducing the number of new UL categories to two.  

Alternative 1

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
	105528
	105528
	Yes
	Yes *

	UL Category 16
	2119360
	211936
	Yes
	Yes *

	UL Category 17
	211056
	105528
	Yes
	Yes *

	UL Category 18
	13563904
	211936
	Yes
	Yes *

	UL Category 19
	226128
	75376
	Yes
	No

	UL Category 20
	301504
	75376
	Yes
	No

	UL Category 21
	316584
	105528
	Yes
	Yes

	UL Category 22
	422112
	105528
	Yes
	Yes


*These categories have been recently introduced. 
Alternative 2
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
	105528
	105528
	Yes
	Yes *

	UL Category 16
	2119360
	211936
	Yes
	Yes *

	UL Category 17
	211056 - 226128
	75376 (1 or 2 layers, 64QAM)

105528 (1 or 2 layers, 256QAM)
	Yes
	Yes or No **

	UL Category 18
	13563904
	211936
	Yes
	Yes *

	UL Category 19
	301504 - 316584
	75376 (1 or 2 layers, 64QAM)

105528 (1 or 2 layers, 256QAM)
	Yes
	Yes or No **

	UL Category 20
	422112
	105528
	Yes
	Yes


*These categories have been recently introduced. 

**This entry may be omitted in the specification. 
3. Conclusion
In this document we discussed the introduction of new UE categories. The following proposals were made: 

· The DL peak data rates of new UE categories should be a multiple of 200Mbps 
· The following two new DL UE categories should be added

· DL Cat 18:  1200Mbps
· DL Cat 19:  1600Mbps   

· The new DL categories should be defined for Rel-13.

· The following three new UL UE categories should be added

· UL Cat x:  225Mbps

· UL Cat y:  300Mbps 

· UL Cat z:  400Mbps

· The new UL categories should be defined for Rel-13.
· The pairing of new DL and UL categories is TBD.  
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