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1. Introduction
In RAN2#77 meeting one CR [1] about UE category is agreed. The intention of the CR is to clarify UE should claim its UE category based on the assumption that all the bands within one band combination are 20MHz. This is mainly due to the fact that the processing capability of required UE category is always defined for the component carriers of 20MHz  system bandwidth while not all the bands can support 20MHz. By introducing this rule, degradation of UE’s capability is avoided.
In RAN2#78 meeting one CR [2] about bandwidth combination is agreed. This CR imply that UE might only be able to support subset of the bandwidth combination per band combination. We think this feature will impact the definition of UE category because of bandwidth issue.
2. Discussions
When UE indicate it can only support subset of the bandwidth of one specific band combination, then it is possible the not all the bandwidth within that band combination is 20MHz even that band actually supports 20MHz system bandwidth as indicated in the table 5.6.1-1 in [3] (see Annex1). In this case the rule introduced by CR [1] can’t be applied because the limitation comes from UE’s real capability but not that band itself.
Take inter-band combination between band 3 and band 7 for example. From the table in Annex1 it is clear that band 3 support all the bandwidth while band 7 support 5,10,15,20 MHz.  And here is the Table 6.3.1.1.1-1 in [4] indicating possible bandwidth combination:
Table 6.3.1.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_3A-7A
	3
	
	
	Yes
	Yes
	Yes
	Yes

	
	7
	
	
	
	Yes
	Yes
	Yes


There are total 12 bandwidth combination as indicated in this table. If UE supports all of the 12 bandwidth combination UE belongs to category 6 assuming UE support 2*2 MIMO because it supports 20MHz*20MHz CA. But if UE supports subset of the 12 bandwidth combination e.g. both band 3 and band7 doesn’t support 15MHz and 20MHz, there are totally 2 bandwidth combination. Then the question is which category does this UE belong to with the maximum bandwidth combination 10MHz*10MHz?
There could be 3 alternatives to address this issue:
Alt1: the scenario described above is not allowed i.e. UE shall at least support one band combination where each band support maximum bandwidth. UE can then follow the rule introduced in [1];
Alt2: follow similar rule as introduced by CR [1] i.e. not matter supported subset of the bandwidth combination, UE shall claim its UE category based on the assumption that all the bands within that band combination support 20MHz

Alt3: UE claim an UE category which processing requirement is just above or equal to its maximum processing capability 
The bandwidth combination is mainly droved by the market requirement. So it is not reasonable to force UE to support one bandwidth combination where all the bands are of maximum bandwidth. So alt1 is simply not a good choice.

Both alt2 and alt3 can prevent degradation of UE capability. And because UE will indicate valid bandwidth combination through dedicated signalling, so it looks like eNB can learn the “real” processing capability.  It maybe true for “Maximum number of DL-SCH transport block bits received within a TTI” and “Maximum number of bits of a DL-SCH transport block received within a TTI”. But it is significant different in terms of “Total number of soft channel bits”.
For example assuming supported maximum bandwidth for one UE is indicated by the highlighted part of table 6.3.1.1.1-1 i.e. the maximum bandwidth is 10MHz for both band 3 and band7. Assuming UE also support 2*2 MIMO. Then here is the comparison between alt2 and alt3:

	Approach
	UE category
	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
	Maximum number of supported layers for spatial multiplexing in DL

	Alt2
	6
	301504
	75376
	3654144
	2

	Alt3
	4
	150752 (note2)
	75376 (note1)
	1827072
	2


Table 2.1
Note1: Assuming 2 layer MIMO for 10MHz it should be 73712 according to table 7.1.7.2.1-1 and 7.1.7.2.2-1 [5]

Note2: Assuming 10MHz*10MHz it should be 147424

Because “Total number of soft channel bits” will be used for rate matching, UE shall support “Total number of soft channel bits” according to the claimed UE category. Based on this it is clear that the essential difference between alt2 and alt3 is alt3 requires less soft buffer of the UE which is closely linked to the UE cost.

Based on above analysis, we propose to agree on alt3. 
3. Conclusions
Due to the fact that some UE can only support subset of the bandwidth combination, there is ambiguity in terms of UE category definition. Based on above analysis we propose:
Proposal : UE claim an UE category which processing requirement is just above or equal to its maximum processing capability 
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5. Annex1
Table 5.6.1-1: E-UTRA channel bandwidth

	E-UTRA band / Channel bandwidth

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	
	
	Yes
	 Yes
	 Yes
	 Yes

	2
	Yes
	Yes
	Yes
	Yes
	Yes1
	Yes1

	3
	Yes
	Yes
	Yes
	Yes
	Yes1 
	Yes1

	4
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	5
	Yes
	Yes
	Yes
	Yes1
	
	

	6
	
	
	Yes
	Yes1
	
	

	7
	
	
	Yes
	Yes
	Yes3
	Yes1, 3

	8
	Yes
	Yes
	Yes
	Yes1
	
	

	9
	
	
	Yes
	Yes
	Yes1
	Yes1

	10
	
	
	Yes
	Yes
	Yes
	Yes

	11
	
	
	Yes
	Yes1
	
	

	12
	Yes
	Yes
	Yes1
	Yes1
	
	

	13
	
	
	Yes1
	Yes1
	
	

	14
	
	
	Yes1
	Yes1
	
	

	...
	
	
	
	
	
	

	17
	
	
	Yes1
	Yes1
	
	

	18
	
	
	Yes
	Yes1
	Yes1
	

	19
	
	
	Yes
	Yes1
	Yes1
	

	20
	
	
	Yes
	Yes1
	Yes1
	Yes1

	21
	
	
	Yes
	Yes1
	Yes1
	

	22
	
	
	Yes
	Yes
	Yes1
	Yes1

	23
	Yes
	Yes
	Yes
	Yes
	
	

	24
	
	
	Yes
	Yes
	
	

	25
	Yes
	Yes
	Yes
	Yes
	Yes1
	Yes1

	26
	Yes
	Yes
	Yes
	Yes1
	Yes1
	

	27
	Yes
	Yes
	Yes
	Yes[1]
	
	

	28
	
	Yes
	Yes
	Yes1
	Yes1
	Yes1, 2

	...
	
	
	
	
	
	

	33
	
	
	Yes 
	Yes
	Yes
	Yes

	34
	
	
	Yes
	Yes
	Yes
	

	35
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	36
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	37
	
	
	Yes
	Yes
	Yes
	Yes

	38
	
	
	Yes
	Yes
	Yes3
	Yes3

	39
	
	
	Yes
	Yes
	Yes
	Yes

	40
	
	
	Yes
	Yes
	Yes
	Yes

	41
	
	
	Yes
	Yes
	Yes
	Yes

	42
	
	
	Yes
	Yes
	Yes
	Yes

	43
	
	
	Yes
	Yes
	Yes
	Yes

	44
	
	Yes
	Yes
	Yes
	Yes
	Yes

	NOTE 1:
1 refers to the bandwidth for which a relaxation of the specified UE receiver sensitivity requirement (subclause 7.3) is allowed.

NOTE 2:  2 For the 20 MHz bandwidth, the minimum requirements are specified for E-UTRA UL carrier frequencies confined to either 713-723 MHz or 728-738 MHz

NOTE 3:  3 refers to the bandwidth for which the uplink transmission bandwidth can be restricted by the network for some channel assignments in FDD/TDD co-existence scenarios in order to meet unwanted emissions requirements (Clause 6.6.3.2).


6. Annex2
Table 4.1-1: 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

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	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.
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