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1 Introduction
The study item on ‘New Radio’ (NR) Access Technology has been initiated by 3GPP to evaluate potential technologies targeted to enable future cellular network deployment scenarios and applications [1]. It is expected that deployment of NR to 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 any prioritized configurations and features related to wide bandwidth operation in Rel. 15.  
2 Maximum Channel/Carrier Bandwidth for NR
During the RAN1 January NR adhoc the following agreement was reached regarding NR channel bandwidth:

Agreements:
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is [400, 800, 1000] MHz in Rel-15

· RAN1 recommends RAN4 to consider at least 100 MHz maximum channel bandwidth per NR carrier in Rel-15 considering carrier frequency bands

· RAN1 asks the feasibility of at least followings

· For sub-6 GHz, 100 MHz is considered and for above-6 GHz, wider than 100 MHz is considered

· Other cases can be considered by RAN4, e.g., 40 MHz, 200 MHz

· Note that RAN1 will specify all details for channel bandwidth at least up to 100 MHz per NR carrier in Rel-15

· Also note that RAN1 will consider scalable design(s) for up to maximum channel bandwidth per NR carrier
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is [8, 16, 32]

· The maximum FFT size is not larger than [8192, 4096, 2048]

The two main driving factors in determining the maximum supported channel bandwidth for a carrier are expected spectrum availability and UE implementation feasibility (in terms of both RF and baseband capabilities). Although the RAN1 specification may support very large maximum channel bandwidth per NR carrier (e.g. > 400MHz) it is not expected that this would be a mandatory requirement for UEs and aggregation of smaller carriers would also be supported. However depending on the subcarrier spacing the number of PRBs which can be utilized will be different depending on the max value chosen and should be considered as well. Considering a possible maximum FFT size potentially of 8192 and approximately 97% bandwidth utilization for NR would result in a maximum number of 660 PRBs. Especially for large subcarrier spacing (e.g. 120kHz), this number of PRBs would exceed the maximum bandwidth, allowing for forward compatibility.
Proposal 1: Rel. 15 should support a maximum channel bandwidth up to 400 MHz with RAN1 specification support up to a maximum number of 660 PRBs. 
3 Scalable Design of Physical Signals/Channels
Especially above 6GHz it is expected that spectrum allocations larger than 100MHz may be realistic and additional values for the channel bandwidth such as 200 or 250MHz could be considered as well, while a minimum bandwidth of 5MHz is proposed to be supported below 6GHz [2]. 

However considering forward compatibility and allowing flexibility for deployment of different channel bandwidths (e.g. UEs with different RF/baseband capabilities) on the same spectrum, besides the specification of minimum and maximum values, there should not be anything additionally defined in the RAN1 specifications. This is a major distinction from LTE where specific bandwidths for channels and signals were defined i.e. 1.4, 3, 5, 10, 15, and 20 MHz. Instead of this coarse granularity, RAN1 could design the physical channel/signals design (e.g. PDCCH, RRM, CSI and PDSCH) in units of PRBs.
It is also noted that RAN1 intends to consider scalable design for up to the maximum channel bandwidth. In principle the design can consider very fine granularity for the design. However the signals and channels which are cell-specific or required for initial access should consider both the minimum and maximum values of the channel bandwidth as well as practical. 

Proposal 2: RAN1 should consider scalable designs which include [5, 10, 20, 40, 80, 100, 160, 200, 250] MHz as candidate channel bandwidths. 
Proposal 3: The design of physical channels/signals not related to initial access (e.g. PDCCH, RRM, CSI and PDSCH) should have PRB-level granularity between the max and min channel bandwidth supported in RAN1 specifications. 

4 Carrier Aggregation and Dual Connectivity Configuration
In RAN1 #87 the following agreements were reached regarding the design of CA/DC operations:

Agreements:
· NR should provide support for carrier aggregation, including different carriers having same or different numerologies.

Agreements:
· For phase 1, carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non-contiguous spectrum from both NW and UE perspectives is supported
· [4 - 32] should be assumed for further study of the maximum number of NR carriers
· RAN1 will try to decide the exact number in this week
· Cross-carrier scheduling and joint UCI feedback are supported
· Per-carrier TB mapping is supported
· FFS TB mapping across multiple carriers
Also the following agreement was made in the RAN1 January Adhoc meeting:

Agreements:
· If it is decided that maximum CC BW is greater than or equal to 400 MHz and smaller than or equal to 1000MHz

· The maximum number of CCs in any aggregation is [either 8 or 16]

· If it is decided that the maximum CC BW is <=100MHz

· The maximum number of CCs in any aggregation could be [either 16 or 32]
· If it is decided that the maximum CC BW is greater than 100 MHz and smaller than 400MHz
· The maximum number of CCs is FFS

As discussed in the agreements it is a key design of NR to support flexible aggregation of spectrum above and below 6GHz, while aggregating a large number of CC each with a large carrier bandwidth may not be of an immediate priority in terms of deployment, considering forward compatibility and future use cases it is beneficial to design NR carrier aggregation taking LTE capabilities as a starting point.
Proposal 4: NR should support up to 32 CCs per aggregation in Rel. 15.
5 UE-specific Bandwidth Adaptation and Configuration
In addition to the periodicity of the RRM measurement configuration, the frequency resources used for RRM measurement (e.g. measurement bandwidth) may also be configurable and adapted by the network. 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, LTE SCell Activation/Deactivation procedures are used to multiplex LTE/NR traffic.
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Figure 1. Dynamic Frequency Partitioning of LTE and NR
To support the dynamic partitioning shown in Figure 1, in order to turn off part of the NR carrier we need to allow the system bandwidth to be reconfigurable which should also apply to the measurement bandwidth used by the UE as well. This is to ensure that measurements are NOT performed over the part of the NR carrier that is turned off. As mentioned in the agreements from RAN1#87, this could be done by at least semi-static (e.g. RRC configured) signaling or possibly L1 signaling if NR supports more dynamic bandwidth adaptation mechanisms than LTE.

Proposal 5: NR should support UE-specific adaptation/configuration of the CSI/RRM measurement bandwidth independently of the carrier bandwidth configuration.
6 Conclusion
This contribution discussed requirements and technical solutions relating to wide bandwidth operation for NR and made the following proposals:
Proposal 1: Rel. 15 should support a maximum channel bandwidth up to 400 MHz with RAN1 specification support up to a maximum number of 660 PRBs. 

Proposal 2: RAN1 should consider scalable designs which include [5, 10, 20, 40, 80, 100, 160, 200, 250] MHz as candidate channel bandwidths. 
Proposal 3: The design of physical channels/signals not related to initial access (e.g. PDCCH, RRM, CSI and PDSCH) should have PRB-level granularity between the max and min channel bandwidth supported in RAN1 specifications. 

Proposal 4: NR should support up to 32 CCs per aggregation in Rel. 15.
Proposal 5: NR should support UE-specific adaptation/configuration of the CSI/RRM measurement bandwidth independently of the carrier bandwidth configuration.
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