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1. Introduction 

In this contribution we discuss the LTE UE categories for Rel-10. 
2. Discussion
2.1. Signalling of CA combinations

In RAN4 meeting #55 the approach of using CA bandwidth classes was taken as a way forward, the number of component carriers to be supported per class to be further discussed. The decisions are in line with the approach taken in the way forward related to UE capabilities signalling in [1]. By combining a bandwidth classes together with the frequency band indexes to form an E-UTRA CA Band (e.g. CA_1B), signalling of the carrier aggregation capability in the DL can be done in a very similar manner as for frequency band support in Rel-8/9. Given that carrier aggregation is more challenging in the UL, additional signalling of the uplink capabilities should be considered. With the introduction of the concept of CA Bands, the number of supported carriers in the DL is given by the CA bands supported by the UE, and there is no need for including the number of supported component carriers in the UE categories. This also enables defining the UE categories more independent of the supported carrier aggregation scenarios, but the maximum data rates selected for the UE categories still implicitly assume a number of carriers aggregated.
If carrier aggregation within 20 MHz is adopted, this should be supported by all UEs and would hence not be  part UE categories definitions, but a fixed requirement for all UEs to support 
Proposal 1: The DL carrier aggregation capability is signaled using the CA band specified in RAN4. 
Proposal 2: For UL carrier aggregation capability, additional signaling is introduced to inform the network of the possible differences in DL and UL aggregation capability.
2.2. New UE categories
RAN4 is currently discussing if the number of supported layers is band-specific. The RAN1 discussion can then focus on the maximum capability and any band-specific capability would then reduce this maximum for a given band. 
As for Rel-8/9, the main purpose of defining the UE categories is to capture the UEs needed processing capability. Hence, as a starting point configurations with the same data rates can be in the same UE category and new categories are mainly needed for higher data rates than available in Rel-10.  In addition, the maximum  number of layers supported have implications on the number of antennas in the terminal and still belongs in the category. All UE categories from earlier releases should maintain backwards compatibility.
Proposal 3: Like in Rel-8/9, the UE categories contain parameters for maximum data rate and number of layers supported. 

UE capabilities for all other Rel-10 features can be handled using the established processes for deciding which features are mandatory and optional with associated signaling.
Based on the maximum data rates for Rel-10 UE categories mentioned in [2], we suggest the following Rel-10 UE categories to be included in 36.306. Parameter values are preliminary.

Downlink physical layer parameter values
	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

	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
	[299552]
	[75376]
	[3667200]
	[2]

	Category 7
	[600000]
	[149776]
	TBD
	[4]

	Category 8
	[1200000]
	[600000]
	TBD
	[8]


Uplink physical layer parameter values
	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
	Maximum number of supported layers for spatial multiplexing in UL

	Category 1
	5160
	5160
	No
	1

	Category 2
	25456
	25456
	No
	1

	Category 3
	51024
	51024
	No
	1

	Category 4
	51024
	51024
	No
	1

	Category 5
	75376
	75376
	Yes
	1

	Category 6
	[149776]
	[75376]
	[Yes]
	[1]

	Category 7
	[149776]
	[75376]
	[Yes]
	[2]

	Category 8
	[299552]
	[75376]
	[Yes]
	[2]

	Category 9
	[600000]
	[149776]
	[Yes]
	[4]


Some comments to the proposal:


· The proposed new categories assume carrier aggregation of 2x20MHz.

· The old categories are kept for backwards compatibility, but are still valid for supporting Rel-10 features. For example, a UE supporting a 10+10 MHz carrier aggregation scenario can still be category 3. 

· We see the new DL category 6 needed although the data rate is the same as for the old category 5, in order to allow higher DL data rates through support of carrier aggregation without having to support 4 layers

· We consider 64QAM to be simpler to implement than UL CA or spatial multiplexing and suggest making it mandatory in the new categories
· In the UL we see the need for both categories 6 and 7 since UL CA could be simpler to implement than UL spatial multiplexing.

Given that there is a significant difference in the complexity of DL and UL carrier aggregation as well as for DL and UL spatial multiplexing, we propose that the UE can indicate a different category in the UL than in the DL. It can be argued that this effectively increases the number of categories, but the DL and UL operation is sufficiently independent that this should not be a big issue. 
Proposal 4: The UE can indicate different UE category in the UL and the DL.

3. Conclusions

In this contribution we have continued the discussed on LTE-A related UE categories. Following proposals are made:
Proposal 1: The DL carrier aggregation capability is signaled using the CA band specified in RAN4. 

Proposal 2: For UL carrier aggregation capability, additional signaling is introduced to inform the network of the possible differences in DL and UL aggregation capability.

Proposal 3: Like in Rel-8/9, the UE categories contain parameters for maximum data rate and number of layers supported.
Proposal 4: The UE can indicate different UE categories in the UL and the DL.

In addition, we propose an additional 3 UE categories in the DL and 4 more in the UL and also suggest a way of capturing the new categories in 36.306.
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