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1. Introduction
This paper discusses the need for the UE to indicate the supported channel bandwidth(s) in the context of LTE Carrier Aggregation
2. Problem statement
As the activity of defining multiple LTE Carrier Aggregation Inter-Band combinations progresses, it is becoming apparent that this poses the risk of creating a large implementation and test burden for aspects that will not have practical applicability, and this may negatively impact the speed of Carrier Aggregation deployments worldwide. 

Each of the bands defined in 3GPP for EUTRA supports some or all of the possible channel bandwidth, as described in Table 5.6.1-1 of 3GPP TS 36.101, e.g

	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
	Yes[1]
	Yes[1]

	3
	Yes
	Yes
	Yes
	Yes
	Yes[1]
	Yes[1]

	4
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	5
	Yes
	Yes
	Yes
	Yes[1]
	
	


(only a snippet of the table copied here for simplicity)

When two of these bands are combined defining a particular LTE Carrier Aggregation combination, all supported channel bandwidth is defined for each component carrier in 36.101. However, there is no definition of UE capability regarding supporting a subset of the possible combinations. For example, the following channel bandwidth is defined in the WID of CA_4A_13A: 5, 10, 15, 20 MHz in B4 and 10 MHz in B13. For any UE to support CA_4A_13A, all combinations from 5+10 to 20 + 10 have to be supported and tested.
2.1. Lack of “phasing” possibility for inter-band LTE CA
Without any further clarification on this topic UE will presumably be supposed to meet the requirements for all Bands and bandwidths combinations without the possibility of phasing.

It is worth nothing that, for intra-band carrier aggregation, a UE capability of “CA bandwidth class” is defined based on aggregated transmission bandwidth (A to F with aggregated bandwidth from 100 to 500 RBs). However, the corresponding UE capability is missing for the inter-band carrier aggregation case. This means that the “minimum capability” for any inter-band CA UE is CA_xA_yA, where the maximum channel bandwidth defined in each band for this CA combination has to be supported regardless of the aggregated transmission bandwidth. In the example of CA_4A_13A, the minimum aggregated transmission bandwidth is 150 RBs since 20+10 has to be supported according to the current specification.

2.2. The example of UMTS
A similar issue was identified and addressed during the development of 3C and 4C multi carrier for UMTS, and recently extended to cover 8C. The Rel-10 (and Rel-11 for 8C) UMTS RRC allows the UE to signal whether the UE supports:

· For intra-band multi carrier, the number of aggregated cells, the gap size, and the actual supported carrier combinations. 

· For inter-band multi carrier (limited to 2 bands in UMTS), for each band combination, the actual supported carrier combinations (1,2), (2,1), (1,3), (3,1) and (2,2). In release 11, this was very recently extended to support 8C with the added carrier combinations (1,4), (4,1), (1,5), (5,1), (1,6), (6,1), (1,7), (7,1), (2,3), (3,2), (2,4), (4,2), (2,5), (5,2), (2,6), (6,2), (3,4), (4,3), (4,4), (3,5), (5,3).
2.3. The problem in summary

So, in summary, we can identify the following points

· 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.  

Because of the above, 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.
3. Discussion
In our view the above requires a systematic approach, which scales across all band combination, addresses existing commercial needs, and is future-proof towards future commercial needs.  

This results in the following requirement on the system: the UE shall support the capability to signal to the network which permutation of channel bandwidths it supports for a specific CA within a band or for a band combination.

In practice, this may mean something akin to a “release independent” and "band independent" UE capability where the UE indicates either the explicit list of permutations for each LTE CA combination it supports, or some variant of this concept, e.g. the “maximum aggregated channel bandwidth”, or the addition of new UE categories for LTE CA.

It is because of the obvious inter-WG nature of this issue that this paper is presented at RAN2 and RAN4 at this time. 
4. Solution proposal
A proposed solution is presented in [1] and [2]. Outline of the solution:
· A new bitmap is transmitted in the UE capability with each band combination

· The bits in the bitmap correspond to sets of bandwidth combinations that can be supported by a UE. These sets are defined by RAN4, per band combination.
This solution was chosen for the following reasons:

· Just Enough Flexibility: While this solution allows RAN4 to define the CA permutations per band combination use cases, it doesn't go to the extent of listing every possible combinations. This latter proposal is not practical as we will have to account for all possible bandwidths combinations, for all possible number of aggergated carriers, including simultaneous intra and inter band aggregations.

· Backward Compatibility: While the ASN.1 extensions are backward compatible, there is a common set of problems to any scheme that allows the UE to limit the number of bandwidth combinations that it builds compared to what is assumed in the standard. Any adopted solution will assume that CA networks are aware of the existence of these extensions. These networks do not, however, need to understand all the allowed bandwidth combinations from day one.
The annex of this document describes more details on our proposal in [2], in order to help better understanding of the RRC signalling proposal in [1].
5. Conclusion
This paper has discussed the issue of which combinations of channel bandwidths are supported for a certain LTE CA Band combination?

We believe the following points can be made

· For a certain LTE CA Band combination, in theory a large number of permutations of channel bandwidths could be involved, which would then pose an unnecessary implementation and test burden on the system, especially as some permutations may be of no commercial interest.

Which then leads to the following system requirement:

REQUIREMENT: the UE shall support the capability to signal to the network which permutation of channel bandwidths it supports for a specific CA within a band or for a band combination.

We would like RAN2 and RAN4 to acknowledge the problem and adopt the proposed solutions.
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7. Annex

In [2], we propose to define the following table in RAN4 specification.
Table-1: 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
	
	
	
	
	

	
	
	
	
	
	
	
	
	


In RRC signaling a bitmap per band combination can be used to signal support for bandwidth combination that the UE supports, i.e. ‘bwaggX’ in the table above. 

The ‘bwagg1” in the table is intended to represent all possible channel bandwidth combination defined in the current RAN4 specification, Therefore for UEs that do not implementing additional signaling, the default capability should be bwagg1. 

For future extensibility, we propose to define a bitmap of variable length up to 32 bits as follows.
----

supportedCABandwidthAggregation 
::=
BIT STRING (SIZE (1..maxSupportedBWAggregations))
	supportedCABandwidthAggregation
Supported E-UTRA bandwidths per CA configuration see TS 36.101 [42, table X.X-x]. Field encoded as a bit map, where the leading / leftmost corresponds to the ‘bwagg2’, the next bit corresponds to the ‘bwagg3’ and so on. Absence of this field indicates ‘bwagg1’.


maxSupportedBWAggregations
INTEGER ::= 32

-- Maximum number of Supported Carrier Aggregation Bandwidths
----
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