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1 Introduction
In the RAN1 #85 meeting, an agreement [1] on the flexible bandwidth was achieved, which clarified that:

· NR should support of flexible NW and UE channel bandwidth
· FFS: NR carrier bandwidth should consider to allow efficient unlicensed spectrum access
· The NR physical-layer design should allow for fine granularity in terms of NR carrier bandwidth 

· The NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth
· FFS: minimum bandwidth
· FFS: There should not be an assumption that devices necessarily support the same set of bandwidths for transmission and reception

· FFS: There should not be an assumption that the network carrier bandwidth is necessarily the same for downlink and uplink

This contribution discusses the support of flexible bandwidth in NR, and mainly focuses on the analysis of bandwidth flexibility in NR from network and UE perspective respectively. Then, physical layer design for flexible bandwidth will be discussed further.
2 Flexibility of the transmission bandwidth  
2.1 Requirements for bandwidth flexibility in NR
According to RAN1#84bis agreement [2], three different services need to be supported. The requirements of bandwidth for these services are different and a wide range of bandwidth sizes should be supported. For eMBB, the requirement of peak data rate is 20 Gbps for downlink and 10 Gbps for uplink, and the aggregated channel bandwidth of the NR system in the typical eMBB deployment scenarios in [2] is ranging from 20 MHz for 700 MHz carrier frequency to 1 GHz for 30 GHz and 70 GHz carrier frequency. Since wide bandwidth with a single component carrier can lead to less UL/DL overhead of control, large enough bandwidth should be supported in NR for eMBB services. From the conclusion of RAN1#84bis [2], the largest component carrier bandwidth for at least one numerology should not be smaller than 80 MHz. 
For MTC and NB-IoT, narrow channel bandwidth (such as 1.4 MHz and 180 kHz) is supported for extended coverage with less power consumption and lower data rate. For different services requirements in NR, the channel bandwidth should be extremely wide for eMBB or extremely narrow for mMTC and range from 180 kHz to 80 MHz or more. As NR might also be deployed on the unlicensed bands below 100 GHz, the carrier bandwidth should be flexible enough to meet the channel bandwidth requirement on these potential unlicensed bands, e.g., sub 1 GHz, 2.4 GHz/5 GHz and ~60 GHz. 
Observation 1: Due to expansion of supported services and new available spectrum, the NR system needs to support a wider range of channel bandwidths than LTE.
2.2 Flexible network transmission bandwidth
The physical layer specifications of LTE can support a wide range of transmission bandwidths defined as a number of resource blocks, with a minimum transmission bandwidth of 
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resource blocks and a maximum transmission bandwidth of 
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resource blocks, while the granularity is 1 RB (resource block). However, in practice, only 6 transmission bandwidth configurations have been defined. Adding a new transmission bandwidth configuration would require substantial work for RAN4 and it would also not be backward compatible.
In NR, the physical layer specification should support adding frequency bands for new scenarios perfectly without any modification. Hence, it is required to develop RAN1 physical layer specification generically and independently from RF parameters and requirement. As the minimum resource allocation is based on resource blocks (RBs), the bandwidth granularity of 1 RB used in LTE can be considered as a reasonable choice for NR. That means NR can support any transmission bandwidth based on 
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can be further studied.
In LTE, the maximum FFT size is 2048 and it may not be attractive to significantly increase this number. Thus in NR, it should not be assumed that only a single FFT can be applied to single carrier. In this case, the maximum transmission bandwidth of single carrier should not be limited by using a maximum FFT size. 

Proposal 1: System transmission bandwidth from Nmin PRB and Nmax PRB in one RB granularity increment needs to be supported. The NR study assumes that multiple FFTs can be used to operate a single carrier.
2.3 Flexible UE channel bandwidth
From RAN1 perspective in LTE, in order to reduce the complexity of L1/L2 control channel and initial access, bandwidth capability of UE is equal to the maximum network channel bandwidth, i.e. 20 MHz. However, NR should introduce different services and different device capabilities which should support different bandwidth capabilities. 
To reduce the complexity of UE implementation, it would be reasonable to support several UE bandwidth capabilities based on services and use cases as follows: 
· Type I: UE operating in narrow bandwidth. In order to support m-MTC and NB-IoT service, this type of UE can operate in narrow bandwidth (such as 1.4 MHz and 0.18 MHz) with low cost/complexity, data rate and power consumption.
· Type II: UE operating in wide bandwidth. In order to support eMBB service which require much higher peak data rate and throughput, UE needs large bandwidth to deal with the transmission of a large volume of data. For this type of UE, the supported bandwidth is not smaller than 20 MHz and the candidates may be 20, 40 and 80 MHz. In addition, for the millimeter wave, the operating bandwidth will be much larger than the current case, and potential candidates need to be FFS.
Proposal 2: Two types of UE bandwidth capability can be supported in NR.
· Type I:  UE operating in a narrow bandwidth with low cost, data rate and complexity (Such as m-MTC, NB-IoT), the supported bandwidth may be less than e.g. 20 MHz.
· Type II: UE operating in wide bandwidth with high data rate (such as eMBB), the supported bandwidth is not smaller than 20 MHz. 
3 Physical layer design for flexible bandwidth  
3.1 Bandwidth of channels and signals

In LTE, the bandwidth of many signals is directly tied to the transmission bandwidth configuration, e.g., the CRS and the CSI-RS, which span the whole carrier bandwidth. This rigid association leaves little room for adjusting the transmission bandwidth on the carrier by implementation means. Therefore, NR should not necessarily by default define wideband signals/channels. This is somewhat covered by the RAN1#84bis agreement:

· Phase 1 and later phases of NR should be designed with the following principles to ensure forward compatibility and compatibility of different features:

· Strive for

· Maximizing the amount of time and freq. resources that can be flexibly utilized or that can be left blanked without causing backward compatibility issues in the future 

· Blank resources can be used for future use

· Minimizing transmission of always-on signals

· Confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time/freq. resource

At least for reference signals, this would require the following:  
Proposal 3: The bandwidth of reference signals should not by default be tied to the transmission bandwidth of the carrier. 
3.2 Initial access procedure for flexible bandwidth
Considering some existing type of UE cannot use the common initial access channel and procedure (such as NB-IoT), it accesses directly to the specific operating region using the specific access channels. For other UEs, they can access by the common access channel. Therefore, two options should be considered and shown in Figure 1:
· Option 1: UE uses independent Access Channels: Independent access channels and procedures are used on different parts of the carrier for diversified services to complete initial access, e.g. NB-IOT. 
· Option 2: UE uses common Access Channels: Single access channel and procedure are used on the carrier. The UE gets general information (such as synchronization information) and operating region information (such as the central frequency of operating region) though common SCH, PBCH and PRACH channel which are just used for access part. After initial access, UE is transferred to a suitable “target operating region”.
Note that sync signals and broadcast information (e.g., MIB) are just used to explain the access part. The operating region can support both Opt 1 and Opt 2 for UEs to complete initial access.
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Figure 1. Example of initial access procedure for NR.
Proposal 4: In NR, two initial access procedures can be considered: 
· UEs use independent access channels on different parts of the carrier.
· UEs use a common access channel to access different parts of the carrier, and get general information and operating region information from the common access channel.
· Both of these two methods could be supported if beneficial
3.3 Channel raster
In LTE, channel raster is defined as the candidates of carrier centre frequency [3]
, and synchronization signal (SS) is always fixed on the channel raster.
As discussed in [4], there may be not a fixed relationship between the synchronization signals and the centre frequency of the system in NR. Hence, in [4], the frequency raster is defined for synchronization and NR cell search. Since the additional channel bandwidth will be introduced, the value of frequency raster may be changed, which depends on the frequency bands of deployment. If the system is deployed on low frequency band (such as below 6 GHz), as the limitation of available frequency resource, smaller frequency raster can be considered. But when the system is deployed on high frequency band (such as above 6 GHz), the maximum bandwidth of system may be 80 MHz, which will lead to increased complexity of the cell search procedure. For this case, a larger value frequency raster is more suitable.
Proposal 5: In NR, frequency raster is used for synchronization and cell search, which can be decoupled with center frequency of the system. The value of frequency raster may depend on the frequency bands of deployment.
As mentioned above, the NR system needs to support both wide channel bandwidth service and narrow channel bandwidth service. Like in-band deployment of NB-IoT in LTE, the narrow band system may be deployed in the wide band system in NR. The access channel of the narrow band system needs to be located according to frequency raster. In addition, the narrow bandwidth may not be integer number of PRB of the wide band system in consideration of different numerology for different system and potential diverse narrow band services. Thus appropriate deployment of the narrow band system should be considered to reduce number of fragment PRB of the wide band system as much as possible. As shown in Figure 2, deployment of the narrow band system in PRB n+4 can reduce number of fragment PRB compared with deployment across PRB n and PRB n+1.
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Figure 2. Example of in-band deployment of narrow band system
Proposal 6: When a narrow band system is deployed in-band of a wide band system, appropriate deployment which can reduce number of fragment PRB of the wide band system should be considered.
3.4 Fast operating region switching

 As the previous analysis, in NR, the operating bandwidth of UE is just a part of network channel bandwidth. If UEs always work in the same operating region, when traffic load of some specific operating regions become heavier, the load between different operating regions will be unbalanced.
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Figure 3. Fast operating regions switching
Since the bandwidth capability of UE cannot cover the whole network channel bandwidth, to achieve load balancing among different operating regions, UE can switch among operating regions dynamically or semi-statically, which is shown in Figure 3. 
Proposal 7: Considering load balancing, fast operating region switching should be studied in NR. 

3.5 Narrow band monitoring

Even for a UE-capable of monitoring a large bandwidth (MBB UEs), doing so all the time might be problematic. In particular, the ADC power consumption is proportional to the bandwidth, thus having to always monitor the full carrier bandwidth is costly, and should be avoided when the UE does not need to do so (e.g., when it does not have data to receive/transmit). A simple solution is to have the UE operating in narrowband mode when it is not scheduled to transmit/receive data. The ADC also operates in narrowband mode. When data are scheduled to be received/transmitted, the eNB switches the UE to wideband mode, and the ADC operates at a higher sampling frequency. Thus, power consumption is high only when needed. The narrowband/wideband operation is shown in Figure 4.
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Figure 4. Wideband/narrowband monitoring switching.
Proposal 8: In order to reduce power consumption, the UE can monitor a narrow bandwidth and switch to wideband system bandwidth when needed.
4 Conclusions
The contribution focuses on support of flexible bandwidth. Based on the discussion, we have the following observation and proposals:
Observation 1: Due to expansion of supported services and new available spectrum, the NR system needs to support a wider range of channel bandwidths than LTE.
Proposal 1: System transmission bandwidth from Nmin PRB and Nmax PRB in one RB granularity increment needs to be supported. The NR study assumes that multiple FFTs can be used to operate a single carrier.
Proposal 2: Two types of UE bandwidth capability can be supported in NR.
· Type I:  UE operating in a narrow bandwidth with low cost, data rate and complexity (Such as m-MTC, NB-IoT), the supported bandwidth may be less than e.g. 20MHz.
· Type II: UE operating in wide bandwidth with high data rate (such as eMBB), the supported bandwidth is not smaller than 20MHz. 
Proposal 3: The bandwidth of reference signals should not by default be tied to the transmission bandwidth of the carrier. 
Proposal 4: In NR, two initial access procedures can be considered: 

· UEs use independent access channels on different parts of the carrier.
· UEs use a common access channel to access different parts of the carrier, and get general information and operating region information from the common access channel.
· Both of these two methods could be supported if beneficial
Proposal 5: In NR, frequency raster is used for synchronization and cell search, which can be decoupled with center frequency of the system. The value of frequency raster may depend on the frequency bands of deployment.
Proposal 6: When a narrow band system is deployed in-band of a wide band system, appropriate deployment which can reduce number of fragment PRB of the wide band system should be considered.
Proposal 7: Considering load balancing, fast operating region switching should be studied in NR. 
Proposal 8: In order to reduce power consumption, the UE can monitor a narrow bandwidth and switch to wideband system bandwidth when needed.
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