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1. Introduction

Channel bandwidth support for a band is customarily specified at the time the work item is created.  Furthermore, to avoid fragmentation, all channel bandwidths defined for the band would be required to be supported by the UE.  Therefore, there are no provisions for a UE to support only a subset of the channel bandwidths or for different UE’s to support different channel bandwidths.  The network operator can assume that all channel bandwidths defined for a band, but no others, will be supported by all UE’s capable of operating in that band.  However, over the course of time, it has been the case that the need for additional channel bandwidth is required.  For example, there has been a desire to support 15 MHz in Band 8 [1].  In this contribution, we discuss how to be able to support new channel bandwidths in existing bands.

2. Discussion

Several possibilities exist in adding channel bandwidth support to existing bands.  Three options are discussed below.
Add channel bandwidth to future release

One possibility is to add the new channel bandwidth for the existing band to a future release of the specification.  Putting this new requirement into a future version of the specification protects those devices that have already been developed or that are undergoing development from having new requirements imposed upon them.  At this time, devices are already being designed against the Rel-10 specifications, so new channel bandwidths can only be considered for Rel-11 and beyond.  The benefit to adding the channel bandwidth to an existing band is that in theory the existing ecosystem can be leveraged and roaming becomes simpler.  The disadvantage is at the minimum, adding a new channel bandwidth is likely to require software changes in the device.  Depending on the particular design and the bandwidth to be added, hardware changes may also be required, for example, the need for additional filtering.  Adding the new channel bandwidth may also imply other new requirements such as coexistence emissions which were not previously designed for.  Therefore, new design of the device and its components may be necessary to support the band.

Adding a new channel bandwidth in a later release adds a degree of ambiguity to the capability of devices.  It is no longer sufficient to know which bands the UE supports, but also which version of the specification the UE conforms to in order to know which bandwidths it supports.  Additional complication is also added to the release independent concept for bands since channel bandwidth support is an included parameter in TS 36.307.  
Furthermore, by definition, a network which is operating with a new channel bandwidth can not serve legacy UE’s which do not support this bandwidth.  Therefore, the network can only support the newer UE’s.

Contiguous intra-band carrier aggregation

Assuming that the desired new bandwidth is the sum of two existing channel bandwidths, for example, 15 MHz as the sum of 10 MHz and 5 MHz, then a second possibility is to support the 15 MHz by contiguous intra-band carrier aggregation.  This option circumvents the problem of mixing legacy and newer UE’s in the network since from the beginning, carrier aggregation is an optional feature and the system was defined around the ability to support both single carrier as well as CA-capable devices simultaneously.  Also, there are no problems associated with ambiguity of channel bandwidth support depending on the specification version.  Disadvantages associated with this approach are that only Rel-10 and beyond devices can support carrier aggregation.  In reality, this disadvantage is no different from the other options since all of them are only applicable in Rel-10, -11, or beyond.  However, the disadvantage is that CA is an optional feature, whereas channel bandwidth support in a band is a mandatory requirement for all UE’s.  Not all devices will support CA.  Another disadvantage is that there may be a power consumption and/or performance penalty to CA.  Contiguous intra-band CA with total bandwidth less than 20 MHz can theoretically be supported by a single RF chain, but implementations may choose to implement all intra-band CA combinations including those less than 20 MHz with dual radios for generality.  With dual-radios operating simultaneously, there will be power consumption penalty as well as a performance penalty if splitters/combiners are required.  On the basestation side, this would require that the eNB also supports CA.
New band definition

The third possibility in introducing a new channel bandwidth is to define a new band.  The new band could be identical to the legacy band, but with the addition of a new channel bandwidth and its associated requirements.  Defining a new band removes any ambiguity associated with the version number and is fully compatible with release independence.  Defining a new band also circumvents the disadvantages associated with intra-band carrier aggregation.  The challenge of defining a new band, in addition to the management and administrative tasks of the large number of bands defined in 3GPP, is to create or maintain the ecosystem of the legacy band.  To reduce this overhead and to potentially reduce the testing burden of what is largely a similar band, the concept of a band sub-class could be defined wherein the definition of the sub-class would be to add the new channel bandwidth.  For example, the band sub-class could be defined as Band 8-1.  This would have a RAN2 signaling impact since band sub-class support would have to be signaled by the UE in addition to the band indicator.
3. Conclusion
In this contribution, we have discussed three options for adding new channel bandwidths to an existing band.  Each option has its advantage and disadvantages.  It is our opinion that the cleanest method is either by intra-band carrier aggregation or by defining a new band, rather than by amending the band definition in a future release.  The method of defining a new band, or introducing the concept of a band sub-class, may be the most attractive option to most easily leverage the eco-system of the existing band.  All options would require a new work item to be proposed and approved through the usual process at RAN.
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