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Introduction
Maximum data rate is a typical UE capability which is directly visible to the end user. This contribution discusses how UE category is related with the maximum data rate. 
Discussion
UE category is defined by multiple parameters among which Maximum number of DL-SCH transport block bits received within a TTI (max bits per TTI hereafter) determines the maximum data rate of the category
Max bits per TTI are a function of capabilities like carrier aggregation capability, MIMO capability and Modulation order that are basically per band combination parameters. 
In general, a UE have multiple supportedBandCombination, each of which has different CA and MIMO capability hence different max bit per TTI. The current specification requires that at least one band combination shall meet the max bit per TTI as below.
<Table 1>
	The carrier aggregation and MIMO capabilities indicated for at least one band combination together with modulation scheme 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).



Hereafter the supported band combination supposed to meet the maximum data rate is denoted as reference band combination.
The max bit per TTI is calculated based on the assumption that the system bandwidth of all component carriers of the reference band combination is 20 MHz. It is however not always true due to different spectrum allocation of each operator For example, the reference band combination of certain early CA UE was (20 + 10) MHz. Then even if the MIMO capability and CA capability (in terms of the number of component carriers) are sufficient for category 6 the actual maximum data rate (225 Mbps) is lower than the target maximum data rate of the category (300 Mbps). 
This issue has been discussed during RAN2#77 which made consensus on the principle that whether UE meet the max data rate or not is determined by the max data rate achieved when system bandwidths are 20 MHz. A CR is agreed [1] with adding the following note in 36.306. The intention of the CR is clearly indicated in the Reason for change of the CR.
<Table 2>
	NOTE:      For the purposes of determining whether the carrier aggregation and MIMO capabilities indicated for a band combination meets the processing requirements defined by the physical layer parameter values in the UE category as described above, the carrier aggregation and MIMO capabilities indicated for a band combination is considered to meet the processing requirements if the UE support the maximum processing requirements defined by the UE category assuming 20MHz channel bandwidth is supported on all bands.



With the above note, one to one mapping between the category and the corresponding maximum data rate do not hold anymore. One can wonder how data rate and UE category may interact with each other.
When we talking about maximum data rate of a category, we should not mix up the target maximum data rate and the observable maximum data rate. Target maximum data rate is the function of the radio capability (such as MIMO capability and CA capability) and baseband capability (such as Maximum number of DL-SCH transport block bits received within a TTI). It is the maximum data rate which can be achieved with sufficient radio resource (i.e. all the aggregated CCs are 20 MHz). On the other hand observable maximum data rate is determined not by UE capability but by the current deployment circumstances. For example, the observable maximum data rate in 40 MHz bandwidth could be limited to 400 Mbps even if UE is capable of 600 Mbps in 60 MHz bandwidth (i.e. target maximum data rate is 600 Mbps).
There are varieties of deployment scenarios, which are collected and managed in RAN4 specification. For example, possible deployment scenarios for 2CC CA can be found in the Table 5.6A.1-1, Table 5.6A.1-2, Table 5.6A.1-2a, Table 5.6A.1-2b and Table 5.6A.1-3 [2]. Table 3 summarize those deployment scenarios.
<Table 3> Observable maximum data rates for 2 CC CA deployments 
	Maximum aggregated 
Bandwidth
	E-UTRA CA configuration
	Observable maximum data rate (Mbps)

	
	
	Radio configuration 1:
2x[2, 64] ** 
	Radio configuration 2:
2x[2, 256]
	Radio configuration 3:
2x[4, 64] 
	Radio configuration 4:
[4,256]+[2,256]

	40 (20, 20)*
	1C, … Set 1
	300
	400
	600
	600

	35 (20, 15)
	39C, …Set 2
	262.5
	350
	525
	550

	30 (20, 10)
	1A-5A, … Set 3
	225
	300
	450
	500

	30 (15, 15)
	
	225
	300
	450
	450

	25 (20, 5)
	3A-31A, … Set 4
	187.5
	250
	375
	450

	25 (15, 10)
	
	187.5
	250
	375
	400

	20 (10, 10)
	7B, … Set 5
	150
	200
	300
	300

	20 (15, 5)
	
	150
	200
	300
	350

	15 (10, 5)
	12B
	112.5
	150
	225
	250

	13 (10, 3)
	27B
	97.5
	130
	195
	230

	UE category according to the current specification
	Category 6/7
	Category 13
	Category 11/12
	Category 11/12


* (n, m) denotes the 2CC CA with each of bandwidth being n and m MHz
** k x [l, m] + o x [p, q] denotes the radio configuration where k component carriers with l layers and m QAM and o component carriers with p layers and q QAM are configured  
Set 1: 1C, 2C, 3C, 7C, 7C,7C, 38C, 40C, 41C, 42C, 1A-3A, 1A-7A, 1A-20A, 1A-28A, 1A-40A, 1A-41A, 1A-42A, 2A-4A, 2A-28A, 3A-7A, 3A-20A, 3A-28A, 3A-38A, 3A-40A, 3A-42A, 4A-28A, 7A-20A, 7A-22A, 7A-28A, 7A-40A, 20A-42A, 25A-41A, 38A-40A, 39A-41A, 41A-42A
Set 2: 39C, 1A-18A, 1A-19A, 1A-21A, 1A-26A, 3A-19A, 3A-26A, 7A-28A, 19A-42A, 21A-42A, 25A-26A, 26A-41A
Set 3: 1A-5A, 1A-8A, 1A-11A, 2A-5A, 2A-12A, 2A-13A, 2A-29A, 2A-30A, 3A-5A, 3A-8A, 3A-20A, 3A-27A, 4A-5A, 4A-7A, 4A-12A, 4A-13A, 4A-27A, 4A-29A, 4A-30A, 5A-7A, 5A-25A, 5A-40A, 7A-8A, 7A-12A, 7A-20A, 8A-40A, 8A-41A, 12A-25A, 19A-21A, 20A-2A, 23A-29A
Set 4: 3A-31A, 11A-18A, 18A-28A, 19A-28A, 20A-31A
Set 5: 7B, 23B, 1A-5A, 1A-8A, 1A-18A, 1A-26A, 1A-28A, 2A-4A, 2A-5A, 2A-12A, 2A-13A, 2A-17A, 2A-29A, 3A-5A, 3A-8A, 3A-26A, 4A-5A, 4A-12A, 4A-12A, 4A-13A, 4A-17A, 4A-29A, 5A-12A, 5A-13A, 5A-17A, 5A-29A, 5A-30A, 8A-11A, 8A-20A, 12A-30A, 23A-29A, 25A-26A, 29A-30A
As seen in the table, observable maximum data rates are varying depending on the given deployment scenarios. The relationship between them is depicted in the figure 1.


Figure 1 Radio capability, baseband capability and Observable maximum data rates
That observable maximum data rate of a UE could be lower than the target maximum data rate of the UE category does not mean UE is allowed to declare fake categories. UE category is about baseband capability and radio capability. If UE declares itself category 11, it shall be able to handle 600 Mbps even when its observable maximum data rate is limited to the lower value e.g. 450 Mbps due to fragmented spectrum. When larger spectrum is provided in the future or in the visited PLMN, the observable maximum data rate of the UE shall reach to 600 Mbps.
Conclusion
Based on the discussion above, it is proposed to confirm the following understanding;
UE category is not determined by observable maximum data rate but by radio capability and baseband capability. The observable maximum data rate of a UE is depending on the give deployment scenarios and could be lower than the maximum data rate of the corresponding UE category. 
Reference
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