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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]. NR is expected to efficiently support a diverse set of uses cases including eMBB, URLLC as well as functionalities such as Integrated Access and Backhaul (IAB) and spectrum sharing, including coexistence with LTE. The support of different subcarrier spacing (SCS) for synchronization and data transmissions is a critical aspect of the NR physical layer design that should ensure forward compatibility to avoid unnecessarily complex or restricted operation of different features/services when they are introduced.    

This document provides an overview of NR minimum carrier bandwidth and subcarrier spacing support above and below 6GHz.

2 NR minimum bandwidth and SS Block subcarrier spacing 
During RAN1#89 a LS was sent to RAN4 indicating the following regarding minimum carrier bandwidth values and supported SS Block SCS:

RAN1 would like to inform RAN4 that because of the inability of the 50MHz minimum carrier bandwidth to support SS Blocks with 240kHz SCS, RAN1 agreed that a minimum carrier bandwidth value of 100MHz should be supported in addition to 50MHz in order to accommodate SS Blocks with 240kHz SCS for bands, where appropriate in the frequency range from 24 GHz to 52.6 GHz.

RAN1 would also like to inform RAN4 that because of the inability of the 5MHz minimum carrier bandwidth to support SS Blocks with 30kHz SCS, RAN1 agreed that a minimum carrier bandwidth value of 10MHz should be supported in addition to 5MHz in order to accommodate SS Blocks with 30kHz SCS for bands, where appropriate in the frequency range below 6 GHz.

In RAN4#84 a LS was sent to RAN1 with the following reply:
RAN4 has identified issues with respect to this incoming LS after careful studies. RAN4 has agreed 5MHz and 50MHz to be applicable minimum carrier bandwidths for many Sub-6GHz and mmWave NR bands. However, for bands where these minimum bandwidths are required, there is also need on higher SS SCS due to either LTE-NR co-existence or wider minimum CH BW deployment need. Hence the support of 10MHz and 100MHz minimum carrier bandwidths associated with 30kHz and 240kHz SS SCS for these bands is unclear from RAN4 perspective.

RAN1 is asked to find a solution how to support the following cases:

1) Minimum required channel BW and SS SCS for a Sub-6GHz band are 5MHz and 15kHz, respectively. An operator plans to operate with 10MHz bandwidth 30kHz SCS in order to deploy NR/LTE DL co-existence within the same band.

2) For bands above 6GHz, the minimum required channel BW and SS SCS are 50MHz and 120kHz, respectively. An operator who has at least 100MHz contiguous spectrum, plans to operate with 240kHz SS SCS within the same band.

3) RAN1 is asked to find a solution that shall support the ability for a UE to perform initial access to the NR cells operating with the above carrier bandwidth/SS SCS combinations.

The following sections address the requirements on the NR minimum bandwidth and SS Block SCS for the different frequency ranges above and below 6GHz. 

2.1 Requirements Below 6GHz  
Spectrum availability is a primary driver for determining the supported minimum bandwidth and corresponding SS Block SCS. Clearly for bands where less than 10MHz of spectrum is allocated, a 5MHz minimum bandwidth is appropriate and 15kHz SCS should be supported. However, in bands where at least 10MHz is available and LTE and NR coexist on overlapping spectrum utilizing TDM and FDM sharing techniques, in order to support initial access (e.g. for standalone operation) supporting a larger minimum bandwidth and 30kHz SCS for the SS Blocks is a requirement. In order to support NR operation in such a scenario, the SS Blocks must be able to be multiplexed in LTE DL subframes such that ‘always on’ signals such as the LTE CRS are avoided as shown in Figure 1. 
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Figure 1. TDM coexistence of 30kHz SS Blocks and a LTE normal DL subfame

During the RAN1 NR Adhoc #2 the following agreement was reached regarding the SS Block mapping pattern: 
Agreements:
· For 30 kHz subcarrier spacing case, the second SS block mapping pattern  is
· Map two SS blocks candidate locations to the slot of 14 symbols as follows

· First candidate location is at symbols  2-5

· Second candidate location is at symbols 8-11

· Note: In the case of NR-LTE coexistence, the first SS block mapping pattern (i.e., page 7 in R1-1711899) can be used
· Note: It is up to RAN4 to decide the SS block mapping pattern for each frequency band
Due to the 4 symbol duration of the NR SS Block, valid mappings are only possible with a 30kHz SCS for the SS Block as shown in Figure 2 which corresponds to the first SS block mapping pattern mentioned in the RAN1 agreement. 
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Figure 2. 30kHz SS Block SCS and first time mapping pattern
As a result, in bands where LTE and NR coexist with at least 10MHz of overlapping spectrum, the minimum bandwidth should be 10MHz in order to support SS Blocks with 30kHz SCS with the first SS block mapping pattern. In order to also support deployments with only 5MHz of spectrum in the same band, the only feasible solution is to require UEs to support both 15kHz and 30kHz SS Block SCS as default values. 
Proposal 1: In bands with 5MHz minimum bandwidth and where LTE and NR coexist with at least 10MHz of overlapping spectrum, 15kHz and 30kHz SS Block SCS are supported as default values for initial access.
2.2 Requirements Above 6GHz  
Given the existence of non-contiguous 50MHz allocations in bands above 24GHz, support of a minimum bandwidth of 50MHz is critical for allowing operators to fully utilize allocated spectrum. This implies that support for 120kHz SS Blocks is also required. In the case of standalone NR operation, the UE will need to blindly detect the presence of SS Blocks in a given band when performing initial access without knowledge of the actual system bandwidth. Thus the default numerology that the UE assumes for a given band should correspond to the minimum carrier bandwidth, which was agreed in RAN4#82bis for bands above 24GHz to be 50MHz. However this should not preclude support for 240kHz SS Block SCS in these bands in cases where non-standalone (NSA) or standalone (SA) NR is utilized and 100MHz of carrier bandwidth is available as will be discussed in the following section.
Proposal 2: 120KHz SCS is supported as the default numerology for SS Blocks in bands above 24GHz and below 52.6GHz. 
2.3 UE-assistance for initial access  
During RAN1#90, the following agreement was reached regarding support of configuration of the different SS Block numerology for a given band in case of NSA operation:
Agreements:
· NR supports NW adaptation and indication of SCS used for SS/PBCH block for NSA carrier access

· RAN1 assumes that NSA carrier is the carrier that UE cannot access without NW assistance information
· UE can assume a single subcarrier spacing of SS/PBCH block per frequency carrier
· In case that target NSA carrier is in below 6 GHz range, 

· NW can adapt either 15 kHz or 30 kHz SCS for SS/PBCH block transmission, and NW can indicate selected SCS for SS/PBCH block transmission to UE
· In case that target NSA carrier is in between 6 GHz and 52.6 GHz range, 

· NW can adapt either 120 kHz or 240 kHz SCS for SS/PBCH block transmission, and NW can indicate selected SCS for SS/PBCH block transmission to UE
· If there is no indication on SCS used for SS/PBCH block transmission on target NSA carrier, UE assumes default SCS for SS/PBCH block transmission

This approach is also beneficial to allow flexibility in selection of the SS/PBCH block SCS based on the characteristics of the spectrum and considering the forward-compatible introduction of future use cases. In addition to support for the indication for NSA, this should additionally be supported for standalone operation where the SCS of SS Blocks on a component carrier which is configured as secondary carrier are configured to the UE by signaling from the primary component carrier.
Proposal 3: NR should support NW adaptation and indication of SCS used for SS/PBCH on a component carrier which is configured as secondary carrier should be configured to the UE by signaling from the primary component carrier.
3 Conclusion
This contribution analyzed the requirements for the SCS support in bands above 6GHz. The following proposals were made:
Proposal 1: In bands with 5MHz minimum bandwidth and where LTE and NR coexist with at least 10MHz of overlapping spectrum, 15kHz and 30kHz SS Block SCS are supported as default values for initial access.
Proposal 2: 120KHz SCS is supported as the default numerology for SS Blocks in bands above 24GHz and below 52.6GHz. 
Proposal 3: NR should support NW adaptation and indication of SCS used for SS/PBCH on a component carrier which is configured as secondary carrier should be configured to the UE by signaling from the primary component carrier.
4 Reference
[1] RP-170847, New WID on New Radio Access Technology, NTT DOCOMO, INC.
[2] 3GPP TR 38.802, Study on New Radio (NR) Access Technology Physical Layer Aspects, Release 14, V2.0.0 (2017-03)
