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1. Introduction
The need of supported CA bandwidth combination signalling was discussed in the last RAN2/4 meeting [1-4]. No agreement was made, since the benefit and incurred impact were unclear. RAN plenary at the #55 meeting suggested that RAN4 discuss the issue and solutions at first [5]. If the conclusion made by RAN4 will have RAN2 specification impact, RAN2 will discuss the solution, so that the issue can be resolved at RAN #56. This paper elaborates possible alternatives provided in [6] and analyses each alternative for further discussion. 
NOTE:
The same paper is submitted to RAN4#62bis and RAN2 #77bis.
2. Discussion
2.1. Background
From the agreement for carrier aggregation, additional bandwidth combinations cannot be added to an existing band combination defined in [7] at a later stage. E.g., 10M + 10MHz bandwidth combination was defined as bandwidth combination for CA_1A_5A. No bandwidth combination can be added to this CA combination since the supported bandwidth combinatios are implied by the supported band combination signalled in the UE-EUTRA-Capability IE defined in [8] and channel bandwidths per operating band for CA defined in TS 36.101 sub-clause 5.6A. Explicit RRC signaling to inform the eNB of the supported bandwidth combinations has not been specified.
2.2.  Alternatives
To resolve the above issue, the following three alternatives were proposed [6]:
Alternative 1: UE capability signalling for supported bandwidth combinations

A new UE capability indicating supported bandwidth combinations is defiined [1-4]. The supported bandwidth combinations are supposed to define in [7] as shown below. This bandwidth combination covers the case where all or a subset of combinations defined in TS 36.101 sub-clause 5.6A.1. This alternative will allow to indicate additional bandwidth combinations which has not been supported in [7] to resolve the issue explained in sub-clause 2.1.
Table 1:

An example of supported bandwidth combinations (excerpted from [2]).
	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
	
	
	
	
	


Alternative 2: Defining new CA band combinations

New CA band combination is defined as subset or superset of existing CA band combination. In case, to distinguish CA combination name, e.g. between CA_1_5 and CA_X_Y, new two LTE bands shall be defined, e.g. Band X and Band Y, and same requirements shall be adopted from original one, Band X = Band 1 and Band Y = band 5. 

Alternative 3: Existing operator configurable mechanism

The reason why the supported bandwidth combinations need to be indicated is that the eNB has to check whether the UE supports the operating CA bandwidth combinations in the network so that CA is applied for the UE. An operator configurable mechanism with SPID (Subscriber Profile ID for RAT/Frequency) can be applied for this purpose [8]. SPID is mapped by the eNB to locally defined configuration in order to apply specific RRM strategies (e.g., UE specific cell reselection priorities). An operator can define the meaning of the SPID value indicating the supported bandwidth combinations, for instance, as follows:
SPID X == 10M + 10MHz

SPID Y == 15M + 10MHz and 20M + 10MHz

The eNB obtains SPID from the MME during attach procedure. The MME needs to select the SPID value depending on the bandwidth combinations supported by the UE. In advance of selecting the SPID value, the MME can obtain the mobile terminal identity, i.e., IMEI/IMEISV from the UE [11]. Thus, if the MME stores the mapping between IMEI and the supported bandwidth combinations, the MME can select an appropriate SPID value. Such mapping can be configured by OAM. 
2.3. Analysis
The alternatives are analysed from the viewpoints of specification impact, roaming support, market fragmentation and depoyment impact as shown in Table 2 below. Alternative 2 is desirable, as maket fragmentation is a considerable concern. Threfore, the following can be observed. 

Observation:
Defining new CA band combinations (Alt.2) is desirable to introduce CA roaming/ globalization (market expansion) without market fragmentation.

However, the opinion is expected to be different between vendors and operators. Further discussion is needed at this meeting. Therefore, the following is proposed:
Proposal:


The alternatives should be discussed in RAN2/4 taking the viewpoints in Table 2 into account.

Table 2:
Alternative analysis
	#
	Alternative 1
	Alternative 2
	Alternative 3

	Specification impact
	
UE capability signalling needs to be defined in RRC (RAN2).
	
New band combination needs to be defined in TS 36.101 (RAN4).
	
No impact.

	Roaming support
	 (Supported)
NW can obtain the supported bandwidth combinations by additional signalling.
	 (Supported)
NW can obtain the supported bandwidth combinations by supported CA band combinations.
	 (Not supported)
NW cannot know the supported bandwidth combinations.

	Market fragmentation
	
Once capability signalling is defined in RAN2, additional bandwidth combinations can be added easiliy as TEI in RAN4.

( The bar is low to introduce the additional bandwidth combination, and the market will be fragmented.
	
New CA combination WI is needed for the additional bandwidth combinations.

( The bar is high to introduce the additional bandwidth combination, and the market will not be fragmented.
	
The UE supporting an additional bandwidth combination is introduced into an interested market. 
( No impact to the other market, and the market will not be fragmented.

	Deployment impact
	
CA may not be applied for the UE supporting a subset of bandwidth combinations, if UE moves to other location or NW changes the operating bandwidth configuration.

	Total evaluation
	
	
	


With regards to the deployment impact, there is no difference among the alternatives. However, operators are concerned about the case where the UE supports a subset of bandwidth combinations in [7] or only an additional bandwidth combination. This is because when spectrum allocation is different between deployment areas or an operator extends operating bandwidth in future, CA cannot be applied for the UE as illustrated in Fig.1. 
[image: image1.emf]f

Band X Band Y

10MHz 10MHz

Initial deployment:

UE supporting 10 + 10 MHz only

f

Band X Band Y

15MHz 20MHz

Future deployment:

UE supporting 10 + 10 MHz only


Fig.1:
Concerned scenario.
3. Summary and proposal
This paper analysed the alternatives to introduce additional CA bandwidth combinations which has not been defined in [7]. The following was observed:

Observation:
Defining new CA band combinations (Alt.2) is desirable to introduce CA roaming/ globalization (expansion of market) without market fragmentation.
However, further disucussion was felt as needed, since the opinion would be different between vendors and operators. Therefore, the following was proposed:
Proposal:


The alternatives should be discussed in RAN2/4 taking the viewpoints in Table 2 into account.
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