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1
Introduction
In the last RAN4 meeting #56, RAN4 agreed on the working assumptions for LTE-A UE categories [1]. Furthermore, RAN1 also discussed the issue and sent an LS to inform RAN4 of their agreements [2]. However, as discussed in the RAN1 LS, there are still some remaining issues:

· For TDD feasibility of asymmetric CA in the UL and DL is under study in RAN4.
· The maximum number of UL layers and DL layers (where applicable) supported by the UE should be signalled as UE capabilities. If this is a single value for all supported bands or band-dependent is a RAN4 decision.
· Limitation in the applicable values for a given UE category is a RAN4 decision.
· Support for 64QAM in Category 7

· Combinations of CA and MIMO

· Extension or reduction on the sets for CA/ MIMO combinations can be considered in RAN4 if the need is identified.

· The exact signalling mechanism for CA capability is determined by RAN4.

This contribution discusses these remaining issues in order to elaborate LTE-A UE categories/ capabilities. In this contribution, we focus on the following points:
· Signalling for CA/ MIMO combinations

· Support for 64QAM

· Restriction of channel bandwidth options

2
Discussion
2.1
Signalling for CA/ MIMO combinations

The RAN4 working assumptions related to this issue are summarized below:
· Agreement 1: In terms of DL carrier aggregation capability signalling E-UTRA CA band and CA bandwidth class jointly would be sufficient to inform network about UE CA capability.

· Agreement 2: In terms of UL carrier aggregation capability, additional signalling is introduced especially in case of inter-band non-contiguous aggregation, to inform the network about the possible difference in DL and UL aggregation capability.

· Agreement 3: The support of number of DL spatial multiplexing layers implied by the Rel-8/9 category should be band agnostic. Optional signalling of increased number of spatial multiplexing layers support in band specific manner is added.

· Agreement 4: To allow flexible introduction of UL MIMO and support and CA capability, it should be possible to signal UL physical channel parameters (e.g. number of supported layers) in a band specific manner (E-UTRA band or E-UTRA CA band).

Based on these agreements, UE capability signalling can be formulated as described below. Some notes coloured by red are added to clarify the motivation of the signalling.
· Non CA (Reusing Release 8/9 signalling)

· supportedBandListEUTRA

· bandEUTRA

· Number of DL MIMO layers

· Number of UL MIMO layers

Note 1:
Signalling for the number of DL/ UL MIMO layers should be added for each existing E-UTRA band.

Note 2:
The supported number of DL spatial multiplexing layers implied by the Rel-8/9 category should be band agnostic.

· CA (Creating new signalling for Release 10)

· CA supportedBandlListEUTRA
· CA band combinations (DL) 
· band EUTRA

· CA BW class (DL)

· Number of DL MIMO layers

· CA band combinations (UL)
· band EUTRA
· CA BW class (UL)

· Number of UL MIMO layers

Note 3:
CA band combinations for the UL should be signalled separately from the DL.

Note 4:
Signalling for CA BW class and the number of MIMO layers should be added for each E-UTRA band in each CA band combination.
The following tables show some concrete examples for the agreed band scenarios:
Table 1  E-UTRA CA Band: CA_1

	CA/ Non CA
	CA band combinations
	E-UTRA band
	CA BW class
	DL MIMO layers
	UL MIMO layers
	

	Non CA
	
	Band 1
	
	2
	1
	

	CA
	CA_1 (DL)
	Band 1
	Class C
	2
	1
	

	
	CA_1 (UL)
	Band 1
	Class C
	2
	1
	


Table 2  E-UTRA CA Band: CA_1-5

	CA/ Non CA
	CA band combinations
	E-UTRA band
	CA BW class
	DL MIMO layers
	UL MIMO layers
	

	Non CA
	
	Band 1
	
	2
	1
	

	
	
	Band 5
	
	2
	1
	

	CA
	CA_1-5 (DL)
	Band 1
	Class A
	2
	1
	

	
	
	Band 5
	Class A
	2
	1
	

	
	CA_1-5 (UL)
	Band 1
	N/A
	N/A
	N/A
	

	
	
	Band 5
	N/A
	N/A
	N/A
	


Table 3 presents some examples for the proposed capability signalling, which could support the layers/ CA combinations proposed by the RAN1 LS. Note that the proposed signalling could cover most of layer/ CA combination. 
Table 3  Possible layer/ CA combinations of interest

	Layers/ CA Combinations (RAN1 LS)
	CA/ Non CA
	CA band combinations
	E-UTRA band
	CA BW class
	DL MIMO layers
	UL MIMO layers

	Category 3/ 4

(1/ 20 MHz, DL: 2)
	Non CA
	
	Band X
	
	2
	-

	Category 3/ 4

(2/ 10 + 10 MHz, DL: 2, Intra-band)
	Non CA
	
	Band X
	
	2
	-

	
	CA (DL)
	CA_X (DL)
	Band X
	Class B
	2
	-

	Category 3/ 4

(2/ 10 + 10 MHz, DL: 2, Inter-band)
	Non CA
	
	Band X
	
	2
	-

	
	Non CA
	
	Band Y
	
	2
	-

	
	CA (DL)
	CA_X-Y (DL)
	Band X
	Class A
	2
	-

	
	
	
	Band Y
	Class A
	2
	-

	Category 3/ 4/ 6
(1/ 20 MHz, UL: 1)
	Non CA
	
	Band X
	
	-
	1

	Category 3/ 4/ 6 

(1/ 10 MHz, UL: 2)
	Non CA
	
	Band X
	
	-
	2

	Category 3/ 4/ 6 

(2/ 10 + 10 MHz, UL: 1)
	Non CA
	
	Band X
	
	-
	1

	
	CA (UL)
	CA_X (UL)
	Band X
	Class B
	-
	1

	Category 6/ 7
(1/ 20 MHz, DL: 4)
	Non CA
	
	Band X
	
	4
	-

	Category 6/ 7

(2/ 10 + 10 MHz, DL: 4, Intra-band)
	Non CA
	
	Band X
	
	4
	-

	
	CA (DL)
	CA_X (DL)
	Band X
	Class B
	4
	-

	Category 6/ 7

(2/ 10 + 10 MHz, DL: 4, Inter-band)
	Non CA
	
	Band X
	
	4
	-

	
	Non CA
	
	Band Y
	
	4
	-

	
	CA (DL)
	CA_X-Y (DL)
	Band X
	Class A
	4
	-

	
	
	
	Band Y
	Class A
	4
	-

	Category 6/ 7

(2/ 20 + 20 MHz, DL: 2, Intra-band)
	Non CA
	
	Band X
	
	2
	-

	
	CA
	CA_X (DL)
	Band X
	Class C
	2
	-

	Category 6/ 7

(2/ 20 + 20 MHz, DL: 2, Inter-band)
	Non CA
	
	Band X
	
	2
	-

	
	Non CA
	
	Band Y
	
	2
	-

	
	CA (DL)
	CA_X-Y (DL)
	Band X
	Class A
	2
	-

	
	
	
	Band Y
	Class A
	2
	-

	Category 6/ 7

(2/ 10 + 20 MHz, DL: 4 (10 MHz), 2 (20 MHz), Intra-band)
	Non CA
	
	Band X
	
	4
	-

	
	CA
	CA_X (DL)
	Band X
	Class C
	4
	-

	Category 6/ 7

(2/ 10 + 20 MHz, DL: 4 (10 MHz), 2 (20 MHz), Inter-band)
	Non CA
	
	Band X
	
	4
	-

	
	Non CA
	
	Band Y
	
	2
	-

	
	CA (DL)
	CA_X-Y (DL)
	Band X
	Class A
	4
	-

	
	
	
	Band Y
	Class A
	2
	-

	Category 7

(2/ 20 + 20 MHz, UL: 1, Intra-band)

 
	Non CA
	
	Band X
	
	-
	1

	
	CA
	CA_X (UL)
	Band X
	Class C
	-
	1

	Category 7

(2/ 20 + 20 MHz, UL: 1, Inter-band (not supported in R10))
	Non CA
	
	Band X
	
	-
	1

	
	Non CA
	
	Band Y
	
	-
	1

	
	CA (UL)
	CA_X-Y (UL)
	Band X
	Class A
	-
	1

	
	
	
	Band Y
	Class A
	-
	1

	Category 7
(1/ 20 MHz, UL: 2)
	Non CA
	
	Band X
	
	-
	2

	Category 7

(2/ 10 + 20 MHz, UL: 2 (10 MHz), 1 (20 MHz), Intra-band)
	Non CA
	
	Band X
	
	-
	2

	
	CA
	CA_X (UL)
	Band X
	Class C
	-
	2

	Category 7

(2/ 10 + 20 MHz, UL: 2 (10 MHz), 1 (20 MHz), Inter-band (not supported in R10))
	Non CA
	
	Band X
	
	-
	2

	
	Non CA
	
	Band Y
	
	-
	1

	
	CA (UL)
	CA_X-Y (UL)
	Band X
	Class A
	-
	2

	
	
	
	Band Y
	Class A
	-
	1


How to signal the “CA supportedBandListEUTRA” needs to be discussed. One option would be to that RRC signalling supports any band combination, and that the restricted band combinations, for which RAN4 specify their RF requirements, are captured in the RAN4 specifications. Alternatively, RRC signalling can signal the index of the band combinations, which are captured in the RAN4 specifications. In the former approach, the details of combinations, such as “X”, “Y” and the number of CCs, would be signalled. The latter approach is similar to the one adopted in the current signalling for E-UTRA frequency bands. We slightly prefer Option 1, because it would be easier to understand the meaning of the signalling.

Our proposals discussed above are summarized below: 

Proposal 1: The Rel-10 UE capability signalling should consist of E-UTRA band combinations and CA BW class/ DL MIMO/ UL MIMO for each E-UTRA band.
Proposal 2: The number of DL/ UL MIMO layers should be signalled also for non-CA cases, per E-UTRA band.
Proposal 3: RRC signalling should support any combination of bands as well as CA BW class and DL/ UL MIMO, and restrictions should be captured in the RAN4 specifications.

2.2
Support for UL 64QAM
In the Release 8/ 9 specifications, support for 64QAM is linked to the UE category. For example, Category 1-4 UE does not support UL 64QAM, while 64QAM is mandatory for Category 5 UEs. On one hand, some key requirements, such as MPR/ A-MPR and EVM for UL 64QAM, are still missing in TS 36.101, and it seems that some more time would be needed in order to specify such requirements.
Based on above observation, it seems sensible to introduce a new capability bit for UL 64QAM, separately from UE category signalling. 

Proposal 4: A new capability bit for UL 64QAM should be introduced separately from UE category signalling.
2.3
Restriction of Channel bandwidth options
In past RAN4 meetings, it was argued whether or not the UE should support all channel bandwidth options for each component carrier in CA. For example, in case of Band 1 + Band 5 inter-band non-contiguous CA, we have the following options: 
· Option 1: Support all the channel bandwidth options

· The total number of combinations is 24, and therefore the testing efforts would be increased, although this will allow flexibility in operation.

· (Band 1, Band 5) = (5, 1.4), (5, 3), (5, 5), (5, 10), (5, 15), (5, 20), (10, 1.4), (10, 3), (10, 5), (10, 10), (10, 15), (10, 20), (15, 1.4), (15, 3), (15, 5), (15, 10), (15, 15), (15, 20), (20, 1.4), (20, 3), (20, 5), (20, 10), (20, 15), (20, 20)

· Option 2: Support restricted channel bandwidth options (hard coded)
· The total number of combinations could be reduced, compared to Option 1. 

· For example, the channel bandwidth options can be restricted as follows:

· Example 1: (Band 1, Band 5) = (10, 10)

· Example 2: (Band 1, Band 5) = (10, 10), (10, 20), (20, 10), (20, 20)

· …
· Option 3: Supported restricted channel bandwidth options (signalled)

· The total number of combinations is the same as Option 2.

· UE could signal the supported channel bandwidth as its capabilities.
If Option 1 is adopted, the testing efforts would increase unnecessarily, because it is not realistic that all the combinations would be used in real networks. If Option 2 is adopted, the testing efforts would be decreased, but the operations flexibility would also be reduced. In general, since network operators cannot perfectly anticipate future deployments, they would try to define any potential combinations as much as possible, which would diminish the benefits of Option 2. Hence, Option 3 seems to be the most reasonable approach. At an initial stage, a UE might support only 10 + 10 MHz in order to reduce the testing and implementation efforts, which would improve its stability. For example, the UE, which support only 10 + 10 MHz, would be tested only in 10 + 10 MHz, and as a result the testing efforts could be significantly reduced, compared to Option 1. In a later stage, more combinations can be supported to cover various deployment scenarios. 

Proposal 5: Supported channel bandwidth should be signalled for each E-UTRA band in the CA band combinations.
If Option 3 is adopted, then Table 2 should be modified as follows (Table 4). It is noted that the values of the channel BW options are just examples.
Table 4  E-UTRA CA Band: CA_1-5

	CA/ Non CA
	CA band combinations
	E-UTRA band
	CA BW class
	DL MIMO layers
	UL MIMO layers
	Channel BW options

	Non CA
	
	Band 1
	
	2
	1
	

	
	
	Band 5
	
	2
	1
	

	CA
	CA_1-5 (DL)
	Band 1
	Class A
	2
	1
	10, 20

	
	
	Band 5
	Class A
	2
	1
	10, 20

	
	CA_1-5 (UL)
	Band 1
	N/A
	N/A
	N/A
	

	
	
	Band 5
	N/A
	N/A
	N/A
	


3
Conclusions
This contribution discussed remaining issues on LTE-A UE categories/ capabilities based on the RAN4 working assumptions and the RAN1 LS [2]. It is proposed to take into account the points discussed in this contribution, in elaborating the LTE-A UE categories/ capabilities and to determine the necessary signalling to be supported by RAN2. 
Proposal 1: The CA signalling should consist of E-UTRA band combinations and CA BW class/ DL MIMO/ UL MIMO for each E-UTRA band.
Proposal 2: The current signalling for E-UTRA band should include the number of DL/ UL MIMO layers.
Proposal 3: RRC signalling should support all the band combinations, and the restricted band combinations should be restricted in the RAN4 specifications.
Proposal 4: A new capability bit for UL 64QAM should be introduced separately from UE category signalling.
Proposal 5: Supported channel bandwidth should be signalled for each E-UTRA band in the CA band combinations.
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