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1	Introduction
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In RAN4 #82bis meeting, the terminology of UE Maximum Bandwidth is approved in the following [3].
UE Maximum Bandwidth (UMBW): Maximum aggregated bandwidth which a NR UE can transmit and/or receive.
In this paper, we discuss the assumptions on UE capability for the support of wideband operation for both single carrier and multi carriers and relationship with UMBW.

2	Discussion

There has been discussion on channel bandwidth, maximum channel bandwidth, and UE maximum bandwidth in RAN4#82bis. In the end, the maximum channel bandwidth was agreed as working assumption [2] in the following.
For bands below 6GHz
100MHz maximum CBW
or bands above 24GHz
400MHz maximum CBW
Furthermore, in RAN4 #82bis meeting, the terminology of UE Maximum Bandwidth is approved in the following [3].
UE Maximum Bandwidth (UMBW): Maximum aggregated bandwidth which a NR UE can transmit and/or receive.
This terminology on UMBW needs further clarification as there are still uncertainties in the definition. The definition must be clear enough if this is only about intra-band contiguous, non-contiguous or inter-band. Further, the relationship with UE capability must be clarified. We understand that this terminology should be better defined as “the maximum possible UE RF bandwidth in which a UE transmits and/or receives single or multiple carrier(s) within a supported operating band.” This can be independent for Tx and Rx. This may also depend on numerology. Regarding the relationship with UE capability, it is not clear enough if UMBW can be simply used as a UE capability parameter, which need further discussion in RAN4 together with RAN2.
Observation 1: The terminology, “UMBW” is best described as “the maximum possible UE RF bandwidth in which a UE transmits and/or receives single or multiple carrier(s) within a supported operating band.”
In E-UTRA, UE shall support all channel bandwidths per band in a single carrier operation. The set of channel bandwidth for each band is fixed, i.e., no new channel bandwidth is introduced in a later release. However, this is not the case in the NR. A new wider channel bandwidth could be added in a later release, which is not supported by legacy UEs. Nevertheless, the legacy UEs still can be operated within a new channel bandwidth in the way that the UE transmission bandwidth configuration (or aggregated transmission bandwidth configuration) is within a new wider channel bandwidth. (See our companion paper [5] for more discussion.)
Therefore, the support of a new channel bandwidth is a UE capability issue. This could be defined per band, or perhaps a group of bands (not to increase the signalling overhead). It is also noted that the capability should not be per channel bandwidth. UE shall support any channel bandwidth defined in Rel-15 which is smaller than the UE supported maximum channel bandwidth. Then, UE transmission bandwidth configuration shall match with the BS transmission bandwidth configuration. Furthermore, UE behaviour for the same transmission bandwidth configuration shall be the same among UEs from different releases, even if the UE transmission bandwidth configuration is smaller than the one in BS.
Observation 2: The maximum channel bandwidth (or a support of new channel bandwidth) needs to be defined in a UE capability. How to define it is FFS, such as per SCS, band or a group of band.
Observation 3: UE shall support any channel bandwidth specified in Rel-15 which is smaller than the UE supported maximum channel bandwidth defined in UE capability.
Observation 4: UE behaviour for the same transmission bandwidth configuration shall be the same among releases.

For the contiguous wideband operation in E-UTRA single band operation, the intra-band contiguous carrier aggregation is used, for which bandwidth category and bandwidth combination set are used in the UE capability. The maximum UE RF bandwidth is derived from the supported set of intra-band carrier aggregation configurations. However, this is not as simple as being characterized by one parameter like UMBW. 
Firstly, even if UE supports a bandwidth category (such as Cat F up to 100MHz in one band), UE does not support 100MHz unless at least one bandwidth combination set, which reaches 100MHz aggregated bandwidth, is supported by UE. Further, in E-UTRA, the support of a wider RF bandwidth does not mean that UE supports all possible lower aggregated bandwidths. It is only required to support the fall-back bandwidth combination sets. This aspect needs to be further discussed in relationship with the definition of UMBW and UE capability for the wideband operation.
From the discussions above, it seems necessary to introduce a UE capability to indicate maximum aggregated bandwidth in a certain way. However, it does not look possible to use the same mechanism as E-UTRA due to more flexibility in numerology and channel bandwidths. The bandwidth combination set per CA would look quite complicated due to many possible combinations even only for the intra-band contiguous CA. The number of specified channel bandwidths would be larger than E-UTRA. The bandwidth combination set is required for each SCS. Further, the aggregation of the mixed numerology could be considered in the future. 
It would be simple if UE can support any bandwidth combination set within UMBW for each SCS and for every supported channel bandwidth (with a limitation in number of CCs, perhaps). However, a possible burden to the UE implementation and test cost would need to be investigated. Furthermore, allowing maximum flexibility in CA may be a burden to RAN4 to specify MSD for all bandwidth configurations. A certain tradeoff is needed regarding the simplification of CA capability, flexible support of CA and UE implementation/test complexity. 
Observation 5: It is necessary to introduce a UE capability for CA in a more simplified manner than E-UTRA.

3	Conclusion
In this contribution, we have discussed the UE capability for wideband operation in a single channel bandwidth and an aggregated bandwidth. The following conclusions have been made. 
Observation 1: The terminology, “UMBW” is best described as “the maximum possible UE RF bandwidth in which a UE transmits and/or receives single or multiple carrier(s) within a supported operating band.”
Observation 2: The maximum channel bandwidth (or a support of new channel bandwidth) needs to be defined in a UE capability. How to define it is FFS, such as per SCS, band or a group of band.
Observation 3: UE shall support any channel bandwidth specified in Rel-15 which is smaller than the UE supported maximum channel bandwidth defined in UE capability.
Observation 4: UE behaviour for the same transmission bandwidth configuration shall be the same among releases.
Observation 5: It is necessary to introduce a UE capability for CA in a more simplified manner than E-UTRA.
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