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1	Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN4#81 AH, the flexible channel bandwidth for NR was discussed [1] and a WF to investigate the implication of the flexible channel bandwidth with regard to the limited sets of UE maximum bandwidth in UE capability was agreed in [2].
In this paper, we discuss how the UE maximum bandwidth, flexible channel bandwidth and requirement should be specified.
2	Discussion
2.1 Bandwidth Capability
2.1.1 LTE system bandwidth and UE capability
So far in LTE, the possible channel bandwidths area limited to 1.4, 3, 5, 10, 15 and 20MHz and additionally 200kHz is also possible for NB-IOT. UE (except for MTC categories) shall support all the possible channel bandwidths of each supported band. For example, UE capable of Band 1 shall support 5, 10, 15, and 20MHz TX and RX; UE capable of Band 8 shall support 1.4, 3, 5 and 10MHz TX and RX.
Thus, it is already the case that UE bandwidth can be greater than the system bandwidth, i.e., 20MHz capable UE can be operated in less than 20MHz system bandwidth. Typically UE is designed to support at least 20MHz in RF and Baseband, which can handle the corresponding FFT size for the maximum bandwidth. In case the system bandwidth is less than 20MHz, then only a part of the bandwidth is processed in the UE.
Further, in case of UE Category M1 for eMTC, UE can only support up to 1.4MHz TX and RX, therefore the UE RF bandwidth is less than the maximum system bandwidth up to 20MHz, for example, for Band 1.
For more than 20MHz (for example for Band 1), the UE capability is based on the carrier aggregation capability. If UE is capable of 40MHz contiguous bandwidth, then the 2 contiguous 20MHz component carriers can be handled in the UE, thus the bandwidth category C (i.e., CA_1C for Band 1) is signalled to the network to indicate the UE maximum aggregated bandwidth for the band.
In conclusion, the channel bandwidth in LTE is either 0.2, 1.4, 5, 10, 15 or 20MHz. The maximum channel bandwidth is band dependent up to 20MHz. UE maximum bandwidth for each band is either 0.2, 1.4 or the maximum channel bandwidth of the band. For supporting more than the maximum channel bandwidth of the band, the carrier aggregation is used.
Observation: The channel bandwidth in LTE is either 0.2, 1.4, 5, 10, 15 or 20MHz. The maximum channel bandwidth is band dependent up to 20MHz. UE maximum bandwidth for each band is either 0.2, 1.4 or the maximum channel bandwidth of the band. For supporting more than the maximum channel bandwidth of the band, the carrier aggregation is used.
2.1.2 NR system bandwidth and UE capability
The system bandwidth and UE capability structure is still open in the NR study. 
As mentioned in 2.1 for LTE, the UE with low cost MTC categories does not handle the maximum channel bandwidth but they are still operated within the wider system channel bandwidths. This would be also expected in the NR. For eMBB, it is unclear if UE needs to always support the maximum channel bandwidth [5]. So far up to [400, 800, 1000] MHz is mentioned as the possible maximum channel bandwidth. It is also encouraged that for sub-6 GHz, 100 MHz is considered and for above-6 GHz, wider than 100 MHz is considered. However, other possible bandwidths (narrower than the maximum) are still open. 
The bandwidth more than the maximum channel bandwidth is likely an optional capability in the NR through the carrier aggregation like in the case of LTE. In [5] from RAN1 specification perspective, the maximum number of NR carriers for CA and DC is [8, 16, 32].
In any case, multiple UE categories w.r.t. the maximum UE bandwidth (either single carrier or carrier aggregation) are expected in the NR to support different UE use cases and RF capabilities.
Observation: Multiple UE categories with different maximum UE bandwidth are expected in the NR.
Even if the flexible channel bandwidths are introduced in the NR, there is no need to increase the number of UE categories w.r.t. the maximum channel bandwidth. As discussed in 2.1.1 in LTE, a subset of bandwidths are selected for the UE maximum bandwidths, which would be also the case in the NR. The UE bandwidths should be carefully selected to meet the market needs. There is no need to introduce too many UE bandwidth categories proportionally to the number of possible bandwidths for the base stations.
Observation: The set of UE categories w.r.t. the maximum bandwidth should be carefully selected to meet the market needs. There is no need to introduce too many UE bandwidth categories proportionally to the number of possible bandwidths for the base stations.
2.1.3 Difference between bands below 6GHz and above 6GHz
In case of NR bands above 6GHz, the expected system bandwidth may be wider as more contiguous spectrum may be available in the bands [5]. Currently the sets of numerology has been discussed for different frequency ranges [6]. It makes sense to use a wider subcarrier spacing for high frequency bands to support the maximum component carrier bandwidth (for a fixed FFT size) and also combat issues like Doppler shift and phase noise.
Observation: The wider maximum channel bandwidth is expected for the bands above 6GHz.
Observation: The wider UE bandwidths (either through a single carrier or aggregated carriers) are required for the bands above 6GHz.
2.2 Flexible bandwidth
Flexible bandwidth is not well defined terminology yet in the NR. In the LTE study item [3], the scope was to support any channel bandwidth between 1.4 and 20MHz. For NR, [1] has proposed supporting flexible channel bandwidth with bandwidth resolution down to a single PRB in both DL and UL. This means any fractional part of component carrier (down to 1 PRB) is used both in base stations and UE, though in LTE we had only 6 options. This aspect shall be taken into account from the beginning of the physical layer design as well as higher layer signalling in the NR. As discussed in the LTE study item, the support of flexible channel bandwidth has some system design impacts such as system acquisition [4]. In addition, more flexibility would result in more overhead in the higher layer signalling. It is essential to discuss and conclude what level of flexibility is required in the NR because NR is already expected more flexible than LTE; different subcarrier spacing options may be possible for each band, which provides different channel bandwidths.
Observation: Impact of supporting the system bandwidth resolution down to a single PRB in the NR needs a support in RAN1 and RAN2 specifications and should be carefully studied.
As discussed in 2.1.1 already in LTE, the base station bandwidth and UE maximum bandwidth are independent, although the granularity of the bandwidth is limited. Flexible bandwidth can be achieved by adding more system bandwidths in the specifications rather than considering a fractional use of the system bandwidth discussed in [4], which may complicate the specifications as concerned in LTE discussion. It is proposed that the flexible bandwidth is a part of system bandwidth discussion.
Observation: The flexible bandwidth in NR should be treated as more granularity in the system bandwidth rather than the fractional usage of the system bandwidth.
It is our view that the possible system bandwidth and UE categories w.r.t. its maximum bandwidth can be separately discussed. There is no need of discussing the fractional bandwidth as a separate topic.
Observation: The flexible bandwidth and UE maximum bandwidth can be separately discussed.

2.3 Impacts to specifications and tests
In LTE, the requirements are specified for different system bandwidths (0.2, 1.4, 3, 5, 10, 15 and 20 MHz) and possible UE maximum bandwidth (0.2, 1.4, and up to 20MHz). Supporting more system bandwidths and more UE bandwidth categories in the NR may complicate the RAN4 specifications because of too many possible configurations. This may impose a heavy burden on RF and conformance specifications as well as the testing.
Already discussed in LTE [4], certain scalability in each RF requirement is considered for flexible bandwidths. To reduce the specification work, it is possible to write the specification with the bandwidth and other configuration parameters parametrized. Thus, the amount of specification text does not grow significantly. In LTE UE spec, CA related requirement is the main issue due to too many number of combinations. The single carrier requirement would not be increased much even if there are more channel bandwidths as far as the requirement is properly parametrized.
The amount of testing may still be a huge burden if there are too many test configurations. For the base stations, the RF capabilities are based on manufacture declarations and product dependent thus in nature there is no need of testing all the possible configurations of the specifications. For the UE, all the supported configurations must work to roam into different networks. A question is if it is required to test all the possible flexible bandwidths. 
[bookmark: _GoBack]It is already today in LTE, we do not test everything such as all possible PRB allocation. The requirement is specified to have sufficient coverage of the minimum requirement for the representative worst or corner cases. For UE transmission and reception, it is required to test at its maximum bandwidth as well as other sampled bandwidths.
Observation: RF specifications should be as much as possible specified with parametrized bandwidth and configurations.
Observation: There is no need of test all the possible flexible bandwidths.
3	Conclusions
Observation: The channel bandwidth in LTE is either 0.2, 1.4, 5, 10, 15 or 20MHz. The maximum channel bandwidth is band dependent up to 20MHz. UE maximum bandwidth for each band is either 0.2, 1.4 or the maximum channel bandwidth of the band. For supporting more than the maximum channel bandwidth of the band, the carrier aggregation is used.
Observation: Multiple UE categories with different maximum UE bandwidth are expected in the NR.
Observation: The set of UE categories w.r.t. the maximum bandwidth should be carefully selected to meet the market needs. There is no need to introduce too many UE bandwidth categories proportionally to the number of possible bandwidths for the base stations.
Observation: The wider maximum channel bandwidth is expected for the bands above 6GHz.
Observation: The wider UE bandwidths (either through a single carrier or aggregated carriers) are required for the bands above 6GHz.
Observation: Impact of supporting the system bandwidth resolution down to a single PRB in the NR needs a support in RAN1 and RAN2 specifications and should be carefully studied.
Observation: The flexible bandwidth in NR should be treated as more granularity in the system bandwidth rather than the fractional usage of the system bandwidth.
Observation: The flexible bandwidth and UE maximum bandwidth can be separately discussed.
Observation: RF specifications should be as much as possible specified with parametrized bandwidth and configurations.
Observation: There is no need of test all the possible flexible bandwidths.
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