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1 Introduction
A work item has been approved for ‘New Radio’ (NR) Access Technology [1] targeted to enable future cellular network deployment scenarios and applications building upon the features identified and evaluated during the NR study item phase [2]. Deployments of NR may cover a wide array of spectrums from low frequency bands where current mobile networks operate (below 6GHz) to new mmWave spectrum (above 6GHz). The bandwidth availability above and below 6GHz is expected to be very diverse and especially at higher carrier frequencies to involve the potential aggregation of large amounts of contiguous or non-contiguous spectrum. This contribution attempts to identify key features and requirements related to efficient wide bandwidth operation in Rel. 15.  
2 Non-contiguous frequency allocation within a wide bandwidth carrier

In RAN1 #88 the following agreements were reached regarding the maximum channel bandwidth per NR carrier in Rel. 15:

Agreements:
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is 400 MHz in Rel-15

· Note:  final decision on the value  is up to RAN4

· From RAN1 specification perspective, at least for single numerology case, candidates of the maximum number of subcarriers per NR carrier is 3300 or 6600  in Rel-15

· FFS: For mixed numerology case, the above applies to the lowest subcarrier spacing

· Note: final value for a given channel BW is up to RAN4 decision
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16

· Note that 32 is considered from RAN2 specification perspective

· The number of NR CCs in any aggregation is independently configured for downlink and uplink 

· NR channel designs should consider potential future extension of the above parameters in later releases, allowing Rel-15 UE to have access to NR network on the same frequency band in later releases
As noted in the agreements, NR is targeting to support channel bandwidths per carrier which are significantly larger than the 20MHz maximum CC BW of LTE. This due to the potentially large contiguous spectrum availability envisioned for NR deployments, especially above 6GHz and operating across the wide bandwidth as a single carrier is more spectrally efficient than operating with a large number of contiguous intra-band component carriers with smaller bandwidth. 
However, there are interesting scenarios where a UE may only be allocated within frequency sub-bands of the wider BW and furthermore these allocations may be non-contiguous (e.g. at either end of the carrier BW).  One motivation for this flexibility is to support the dynamic coexistence of LTE and NR on the same carrier [3]. For example in Figure 1, a LTE SCell is activated/deactivated within a NR carrier in order to efficiently multiplex LTE/NR traffic and the NR UE should be able to receive and monitor the appropriate BW within the configured NR carrier. This non-contiguous sub-band design can be generalized to support other frequency partitioning scenarios within NR and other RATs and should consider flexibility for forward compatibility. The requirements on the size of the sub-bands including guard bands may depend on multiple factors such as UE RF capability and whether there are coexistence requirements which must be met within adjacent frequency regions (e.g. ACLR). However such requirements are not envisioned to be different compared to those for adjacent carriers in general or within a carrier which supports multiple numerologies multiplexed in the frequency domain.
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Figure 1. Dynamic Frequency Partitioning of LTE and NR
While, the NR carrier aggregation framework could be used to support a scenario as depicted in Figure 1, there are several disadvantages which should be considered further. Taking the LTE framework for NR CA and DC as a starting point implies semi-static (e.g. L2-based signalling) configuration and adaptation, which may be reasonable for the inter-band case due to the need for inter-frequency measurement and separate RF chains at the UE to cover a wide range of possible frequency bands above and below 6GHz. However, this approach is inefficient due to the required signalling overhead if there are a large number of sub-bands and also limits the flexibility in terms of dynamic scheduling at the network due to the delay between the time the UE receives the activation command and when the gNB can begin scheduling data. Instead NR should target timescales faster than LTE CA for operating within a single wider bandwidth NR carrier.
Proposal 1: NR should support flexible and efficient non-contiguous frequency allocations within a wider bandwidth CC at timescales faster than LTE carrier aggregation.
3 L1-based Bandwidth Aggregation within a wide bandwidth carrier
Since this approach is targeting a faster time-scale for adaptation than LTE, it should utilize L1 signalling and we introduce the term Bandwidth Aggregation (BA) for operation across non-contiguous regions within a wider bandwidth NR carrier to differentiate it from CA which operates on an inter-carrier basis. 
In addition there are certain implications on the procedures and capabilities required at the UE. For example, one key consideration is that the UE will need to be capable of monitoring within the entire carrier BW and quickly receiving transmissions within the allocated frequency regions. While different approaches to the signalling of such non-contiguous allocations can be studied by RAN1, a basic principle should be that different transport blocks can be scheduled within the different aggregated bandwidth regions. This is intended to give more flexibility to the network by supporting independent MCS selection, MIMO layers, and HARQ processes in the sub-bands to maximize spectral efficiency or even support independent scheduling depending on the deployment scenario (e.g. multi-TRP [4]).  
Proposal 2: NR should support L1-based Bandwidth Aggregation (BA) using a single RF front-end at the UE for the reception of multiple transport blocks with non-contiguous frequency allocations within a wider bandwidth CC.

4 CSI/RRM Bandwidth Adaptation and Configuration
In addition, to support L1-based bandwidth aggregation, the frequency resources used for CSI and RRM measurements (e.g. measurement bandwidth) may also be configurable and adapted by the network to not necessarily span the entire configured carrier but instead may comprise non-contiguous sub-bands. This is also beneficial in the case of LTE-NR coexistence to ensure that measurements are NOT performed over the part of the NR carrier that is turned off [3]. As mentioned in the NR SI TR [2], this adaptation could be done by at least semi-static (e.g. RRC configured) signalling, however especially given the proposal to introduce L1 signalling for BA, more dynamic approaches may be considered if beneficial for the network to efficiently allocate resources across sub-bands.

Proposal 3: NR should support UE-specific adaptation/configuration of the CSI/RRM measurement bandwidth independently of the carrier bandwidth configuration.
5 Conclusion
This contribution discussed requirements and technical solutions relating to wide bandwidth operation for NR and made the following proposals:
Proposal 1: NR should support flexible and efficient non-contiguous frequency allocations within a wider bandwidth CC at timescales faster than LTE carrier aggregation.
Proposal 2: NR should support L1-based Bandwidth Aggregation (BA) using a single RF front-end at the UE for the reception of multiple transport blocks with non-contiguous frequency allocations within a wider bandwidth CC.
Proposal 3: NR should support UE-specific adaptation/configuration of the CSI/RRM measurement bandwidth independently of the carrier bandwidth configuration.
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