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1 Introduction

In the recent discussions on component carrier types, the concept of bandwidth segments has been presented [1]

 REF _Ref241478675 \r \h 
[2]. This can be regarded as a form of carrier extension which is not necessarily related to carrier aggregation and in this contribution we discuss its applicability, in particular related to bandwidth scalability and backwards compatibility.     
2 Bandwidth scalability and backwards compatibility
One of the important requirements when developing LTE was that it should provide flexible spectrum use. In an initial deployment, the amount of spectrum for LTE may be small but as gradually more spectrum becomes available, a migration to wideband transmissions should be possible. Bandwidth scalability is a simple task and can be efficiently done, as wider bandwidths can be defined by adding more RBs.

Since each bandwidth mode requires its RF requirements and associated test cases, only 6 transmission bandwidth configurations are supported in Rel-8. These modes were chosen based on foreseen deployment scenarios for LTE in different frequency bands and are given in [3].
Table 5.6-1 Transmission bandwidth configuration NRB in E-UTRA channel bandwidths

	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	Transmission bandwidth configuration NRB
	6
	15 
	25
	50
	75
	100


Bandwidth scalability in Rel-8 can be easily facilitated by deploying carriers from this table and the operator could migrate to wider bandwidths once they become available. However, new channel bandwidths and transmission bandwidth configurations (up to NRB=110) could be added in forthcoming LTE releases but such carriers would then only be supported from that release, i.e., not for Rel-8. Bandwidth scalability is therefore conditioned on that the bandwidths are selected from Rel-8. The system is not bandwidth scalable and backwards compatible with possible new transmission bandwidth configurations of a forthcoming LTE release.

The chosen channel bandwidths for Rel-8 are a tradeoff between limiting implementation complexity and supporting the actual spectrum block allocations the operators obtain. The latter is made on national level, often being technology neutral and does not have to match LTE bandwidths. If there is sufficient need from operators, new channel bandwidths could be introduced. For example spectrum re-farming or addition of new operating frequency bands may be relevant motives for amending Table 5.6-1. The work for these issues would mainly fall under the responsibility of RAN WG4.

Furthermore, all LTE UEs are supposed to be capable of working in 20 MHz bandwidth. However, not all bandwidth modes are supported in all frequency bands that LTE can be deployed in. There could be several reasons for this, e.g., the frequency band is not wide enough to cater for a certain LTE channel bandwidth. Even though there might be spectrum enough, other properties of the frequency band could also be decisive. For example if the duplex distance is small, implementations become complex for supporting the widest LTE carriers. A small duplex distance may cause UE desensitization so that its reception is affected by its transmission. The table below from [3] shows the supported carrier bandwidths for Rel-8 in different frequency bands. 

Table 5.6.1-1: E-UTRA channel bandwidth

	E-UTRA band / channel bandwidth

	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]
	
	

	6
	
	
	Yes
	Yes[1]
	
	

	7
	
	
	Yes
	Yes
	Yes
	Yes[1]

	8
	Yes
	Yes
	Yes
	Yes[1]
	
	

	9
	
	
	Yes
	Yes
	Yes[1]
	Yes[1]

	10
	
	
	Yes
	Yes
	Yes
	Yes

	11
	
	
	Yes
	Yes[1]
	Yes[1]
	Yes[1]

	12
	Yes
	Yes
	Yes[1]
	Yes[1]
	
	

	13
	
	
	Yes[1]
	Yes[1]
	
	

	14
	
	
	Yes[1]
	Yes[1]
	
	

	...
	
	
	
	
	
	

	17
	
	
	Yes[1]
	Yes[1]
	
	

	18
	
	
	Yes
	Yes[1]
	Yes[1]
	

	19
	
	
	Yes
	Yes[1]
	Yes[1]
	

	...
	
	
	
	
	
	

	33
	
	
	Yes 
	Yes
	Yes
	Yes

	34
	
	
	Yes
	Yes
	Yes
	

	35
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	36
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	37
	
	
	Yes
	Yes
	Yes
	Yes

	38
	
	
	Yes
	Yes
	Yes
	Yes

	39
	
	
	Yes
	Yes
	Yes
	Yes

	40
	
	
	
	Yes
	Yes
	Yes

	NOTE 1:   bandwidth for which a relaxation of the specified UE receiver sensitivity requirement (Clause 7.3) is allowed.


As an example from this table, it can be seen that in Bands 5, 8 and 12, only 1.4, 3, 5 and 10 MHz carriers are supported. Thus even though the UE itself may have hardware to support 15 and 20 MHz, those bandwidths are not allowed in these bands. Hence there are also no test cases for these modes in those bands. Thus an operator with 15 MHz spectrum block allocation in such a band could only deploy two separate carriers, one 10 MHz and one 5 MHz. In this case, Rel-8 UEs may utilize either of these carriers, but not both at the same time since carrier aggregation is not supported in Rel-8. A Rel-8 UE could thus not enjoy a 15 MHz service. 
If it is found relevant in the future, it could be considered to support a 15 MHz carrier in these bands and that may be added later on. However, to our understanding, that carrier would then not be accessible for those Rel-8 UEs that only support bands from the above Table 5.6.1-1, forcing the operator to not support any such UEs if an upgrade is made from a 10 MHz to a 15 MHz carrier.  

Therefore, bandwidth scalability seems to incur issues with backwards compatibility in at least two ways.

1. Introduction of non-Rel-8 channel bandwidths and transmission bandwidth configurations gives carriers that cannot be accessed by UEs of Rel-8.

2. Introduction of Rel-8 channel bandwidths and transmission bandwidth configurations in frequency bands where it is not supported gives carriers that cannot be accessed by existing UEs of Rel-8. 

3 Carrier extension

To solve the issue with bandwidth scalability and backwards compatibility, carrier extension, i.e., carriers with bandwidth segments could be used. The central part of the carrier would have a bandwidth and channel structure as defined in Rel-8 and UEs of all LTE releases access the carrier through the central part. A Rel-8 UE receives/transmits on the central part, while UEs of forthcoming releases can operate on the whole carrier bandwidth, including the extra bandwidth segments. 
Carrier extension would thus allow the introduction of existing Rel-8 bandwidth modes in bands where they are currently not supported, or allow introduction of completely new bandwidth modes for forthcoming LTE releases in a backwards compatible manner. Hence carrier extension with bandwidth segments could be introduced as a backwards compatible carrier. 
4 Conclusions
Carrier extension should be considered to provide for bandwidth scalability and backwards compatibility for forthcoming LTE releases.
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