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1. Introduction
In [1], it was pointed out that current specification (36.101, 36.104) lacks the capability of adding additional channel bandwidth combination to an existing CA band combination. Furthermore, one signaling extension was proposed to allow the introduction of UEs with different bandwidth combination capability. In this contribution, we provide some alternative solutions on defining and signaling UE bandwidth combination capability.
2. Discussion
When bands are combined in defining a particular LTE Carrier Aggregation combination, all supported channel bandwidth is defined for each component carrier in 36.101. There is no additional description of UE capability regarding supporting a subset of the possible channel bandwidth combinations. Without any further clarification on this topic UE will presumably be supposed to meet the requirements for all bandwidths combinations without the possibility of phasing.
In practice, for a certain LTE CA Band combination, a significant number of permutations of channel bandwidths could be involved, which would then pose an unnecessary implementation and test burden on the system, especially as commercial realities would suggest a phased deployment.  Hence, it is conceivable that in the immediate future the LTE CA feature will be deployed and tested only for specific bandwidths and this may pose some severe IOT issues down the road if new channel bandwidths are enabled at a later point in time.
In [1], it was proposed that if new bandwidth combination is needed for CA_xA_yA, an extended CA combo CA_xA_yA_ext could be added. This approach is feasible if only a very limited number of bandwidth combinations are to be supported. Otherwise, the signaling overhead could be quite significant.

In this section we offer two potential solutions to enable UE to indicate the capability of supporting a subset of all possible channel combinations.

2.1. Inter-band CA Bandwidth Class
In the case of intra-band CA, additional capabilities have been introduced to different the total aggregated bandwidth in a band [2]:

Table 5.6A-1: CA 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.


For inter-band carrier aggregation, we could introduce a similar “Inter-band CA bandwidth class” capability table:
	Inter-band CA Bandwidth Class
	Aggregated Transmission Bandwidth Configuration
	Maximum number of CC
	Comment

	A
	NRB,agg ≤ 50
	2
	Up to 10 MHz

	B
	NRB,agg ≤ 100
	2
	Up to 20 MHz

	C
	100 < NRB,agg ≤ 200
	2
	Up to 40 MHz

	D
	200 < NRB,agg ≤ [300]
	FFS
	FFS

	E
	[300] < NRB,agg ≤ [400]
	FFS
	FFS

	F
	[400] < NRB,agg ≤ [500]
	FFS
	FFS

	


A new UE capability field could be added to 36.331 to indicate the overall aggregated bandwidth class for each CA band combination. For example, if we are interested in CA_4A_13A, this solution would offer the flexibility of defining UEs with capability of {4:5-10, 13: 10}, and {4: 5-20, 13: 10}. These two categories could be denoted as CA_B_4A_13A and CA_C_4A_13A.

This proposal however does not the address the issue of lacking future-compatibility on adding more supported bandwidth for an existing CA combo. In addition, it could not differentiate channel bandwidth combinations of the same total aggregated bandwidth.
2.2. Explicit Enumeration of Channel Bandwidth Combination

A more flexible approach would allow a UE to indicate the explicit set of bandwidth combinations that it supports. Existing channel bandwidth combination tables are shown below:

Table 5.6A.1-1: Supported CC combinations per CA configuration for intra-band contiguous CA

	CA Configuration / NRB_agg

	E-UTRA CA Configuration
	E-UTRA Band
	50RB+100RB

(10 MHz + 20 MHz)
	75RB+75RB

(15 MHz + 15 MHz)
	100RB+100RB

(20 MHz + 20 MHz)

	CA_1C
	1
	
	Yes
	Yes

	CA_40C
	40
	Yes
	Yes
	Yes


Table 5.6A.1-2: 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_1A-5A
	1
	
	
	
	Yes
	
	

	
	5
	
	
	
	Yes
	
	

	CA_4A-13A*
	4
	
	
	Yes
	Yes
	Yes
	Yes

	
	13
	
	
	
	Yes
	
	


* Note, this entry is added according to current WID. Not part of 36.101 va.5.0 yet.
We propose to add the following tables to 36.101, which explicitly defines the channel combinations with the possibility to differentiate UE capabilities and to new channel bandwidth in the future releases:
Table 5.6A.1-2A: Supported E-UTRA bandwidths per CA configuration for intra-band CA

	CA Configuration / NRB_agg

	E-UTRA CA Configuration
	bwagg1
	bwagg2
	bwagg3
	bwagg4
	bwagg5
	bwagg6
	…
	…

	CA_1C
	15+15, 20+20
	-
	-
	-
	-
	-
	-
	-

	CA_40C
	10+20, 20+10, 15+15, 20+20
	10+20, 20 +10
	15+15, 20+20
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Table 5.6A.1-2A: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA Configuration / NRB_agg

	E-UTRA CA Configuration
	bwagg1
	bwagg2
	bwagg3
	bwagg4
	bwagg5
	bwagg6
	…
	…

	CA_1A_5A
	10+10
	-
	-
	-
	-
	-
	-
	-

	CA_4A-13A
	5+10,10+10,15+10,20+10
	5+10, 10+10
	15+10, 20+10
	-
	-
	-
	-
	-

	
	
	
	
	
	
	
	
	


Compared to the approach of defining aggregated bandwidth for inter-band CA, this approach would provide the maximum flexibility and future compatibility. This proposal could also replace existing CA operating channel bandwidth table Table 5.6A.1-1 and Table 5.6A1-2 in 36.101 by including all combinations currently defined in 36.101 in bwagg1. 
In terms of backward compatibility, signaling could be introduced in RAN2 as a non-critical extension. For UEs that do not implementing additional signaling, the default capability is bwagg1. In the example above, bwagg1 enumerates all possible channel bandwidth combination defined in current spec, which is similar to the changes proposed in [1]. 

For UEs with limited capability, they could indicate a subset of the bwagg_x, which could speed up the development and allow the flexibility of tailoring towards specific demands. 
If a CA combo is to be extended in the future, new entries could be added to the BWAGG table without impacting existing UEs. We propose to have a variable length table of up to 32 entries. It is envisioned that the number of allowed BWAGG configurations would be minimized in RAN4 based on commercial demand.
3. Conclusion 
Two proposals were made to enable the definition of UEs that do not support all possible channel bandwidth combinations defined for a CA band combination:

1) Inter-band CA bandwidth class

2) Explicit enumeration of channel bandwidth combination

Our preference is proposal 2), which could also provide future-compatibility of introducing new channel bandwidth in existing CA combos. A proposal of signaling support of the second approach could be found in [3].
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