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1. Introduction
Since the introduction of CA in LTE, RAN4 has made the assumption that CA refers to the downlink and only a single uplink is included unless the number of uplink carriers is explicitly specified in the WID.  With the increasing complexity of CA and the increasing number of UL carriers specified in the CA schemes, the need for clarity in the specifications has arisen.  This contribution discusses possible ways to resolve the ambiguities and proposes a clear decoupling of the UL and the DL within the LTE specifications.
2. Discussion

The RRC specification [2] defines UL and DL band combinations separately, indicating that independence between UL and DL CA combinations was the intent of the specifications.  This intent is not as clear in the UE spec [1].An example of this is the in-progress WI for 3-carrier intra-band contiguous CA in B41.  This CA is to be designated as CA_41D and listed in Table 5.6A.1-1 of 36.101, however the WID clearly states that the 3-carrier aggregation only adds a bandwidth combination set for 3 carrier DL CA and leaves unchanged the supported band 41 CA UL configurations in [1]. Listing CA_41D in Table 5.6A.1-1 of the 36.101 specification could imply that both UL and DL need to be the same CA bandwidth class, or that the requirements for 3-carrier contiguous UL in Band 41 have been defined.  In the case of CA_41D, the specification would allow for the following combinations without changing the UL bandwidth classes. 
Case 1:  DL: CA_41D  /  UL: B41 (single carrier)

Case 2:  DL: CA_41D  /  UL: CA_41C (2 carriers)

Case 3:  DL: CA_41D  /  UL: CA_41D (3 carriers)

While Case 1 and Case 2 are possible since single carrier and 2-carrier CA_41C are already defined in the current specifications, Case 3 is not a part of the 3-CC B41 contiguous CA WID and the requirements needed for Case 3 are not being developed.  

The specifications need additional text to make it clear which CA schemes can be deployed on the DL only, on the UL only, or on the DL and UL, and also additional text to indicate that the DL and UL are independent of each other.  A possible solution would be to add a column to CA tables in 36.101 to indicate if the CA configuration can be supported on the DL, or UL, or both.  
Table 5.6A.1-1: E-UTRA CA configurations and bandwidth combination sets defined for intra-band contiguous CA

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA configuration
DL and UL supported Bandwidth classes.  
	Component carriers in order of increasing carrier frequency
	
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set

	
	Allowed channel bandwidths for carrier [MHz]
	Allowed channel bandwidths for carrier [MHz]
	Allowed channel bandwidths for carrier [MHz]
	Supported on UL, DL, or both (note 3)
	
	

	CA_41C
	10
	20
	
	both
	40
	0

	
	15
	15, 20
	
	
	
	

	
	20
	10, 15, 20
	
	
	
	

	CA_41D
	10
	20
	15
	DL
	60
	0

	
	10
	15, 20
	20
	
	
	

	
	15
	20
	10
	
	
	

	
	15
	20
	15
	
	
	

	
	15
	10, 15, 20
	20
	
	
	

	
	20
	15, 20
	10
	
	
	

	
	20
	10, 15, 20
	15
	
	
	

	
	20
	10, 15, 20
	20
	
	
	

	NOTE 1:
The CA configuration refers to an operating band and a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). Absence of a CA bandwidth class for an operating band implies support of all classes.

NOTE 2:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal
NOTE 3:  ‘DL’ applies only to the DL portion of the band or in the case of TDD to the DL time period.  ‘Both’ applies to the UL and DL bandwidth class.  ‘UL’ applies only to the UL portion of the band or in the case of TDD to the UL time period.  The supported DL bandwidth class is independent of the supported UL bandwidth class.




Table 5.6A-1: CA UL and DL bandwidth classes and corresponding nominal guard bands

	CA Bandwidth Class
	Aggregated Transmission Bandwidth Configuration
	Maximum number of CC
	Nominal Guard Band BWGB

	A
	NRB,agg ≤ 100
	1
	0.05BWChannel(1)

	B
	NRB,agg ≤ 100
	2
	FFS

	C
	100 < NRB,agg ≤ 200
	2
	0.05 max(BWChannel(1),BWChannel(2))

	D
	200 < NRB,agg ≤ [300]
	FFS
	FFS

	E
	[300] < NRB,agg ≤ [400]
	FFS
	FFS

	F
	[400] < NRB,agg ≤ [500]
	FFS
	FFS

	NOTE 1:
BWChannel(1) and BWChannel(2) are channel bandwidths of two E-UTRA component carriers according to Table 5.6-1.
Note 2: The UL and DL bandwidth classes used are independent of each other
. 


3. Conclusion
The LTE specifications need clarification regarding uplink vs downlink in carrier aggregation combinations.  This clarification is best done by adding notes and columns to any CA tables that are not explicitly defined as being for UL or DL.  
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