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Introduction
In RAN #71, 5G new RAT has been approved as a study item [1] with the following agreements: 
· Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including
· Enhanced mobile broadband
· Massive machine-type-communications
· Ultra reliable and low latency communications 
· Initial work of the study item should allocate high priority on gaining a common understanding on what is required in terms of radio protocol structure and architecture to fulfil objective 1 and 2, with focus on progressing in the following areas 
· Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain
· Basic frame structure(s)
· Channel coding scheme(s)
· Radio interface protocol architecture and procedures 
· Radio Access Network architecture, interface protocols and procedures
· Fundamental RF aspects – especially where they may impact decisions on the above
In this contribution, we firstly analyze the limitations of LTE framework to support multiple usage scenarios such as eMBB, massive MTC and URLLC and then give our initial considerations on the framework design for 5G new RAT.
Discussion
LTE is an excellent platform for mobile broadband communication and has been deployed in many countries all over the world. LTE has obvious merits of providing high peak date rate, large system capacity and high spectrum efficiency and therefore can well satisfy the current requirements of mobile internet. However, accompanying the explosive requirement of IoT services, evolvement of LTE is essential. So far, MTC related technologies such as MTC Cat. 0, eMTC and NB-IoT, have been developed since 3GPP Rel.12. V2X and latency reduction related technologies have been studied since 3GPP Rel-13. However, persistent evolvement of LTE framework would make LTE system more and more complicated and generate resource fragmentation. 
For the design of framework of 5G new RAT, such issues can be avoided. Fortunately, at the beginning of the SI of 5G new RAT, it has been agreed a single technical framework addressing all usage scenarios, requirements and deployment scenarios as the design target. Such a design principle is a good starting point for the design of the framework of 5G new RAT which would enable an efficient system design to simultaneously support eMBB, massive MTC and URLLC. 
Observation 1: Simultaneous support for eMBB, massive MTC and URLLC can be built in 5G new RAT from the beginning resulting in more efficient system design.
In the following, some initial considerations for the frame structure of 5G new RAT are present.  
As discussed in our companion contribution [2], different numerologies would be used in the 5G new RAT framework according to the deployment scenarios and the characteristic of the service requirements for eMBB, massive MTC and URLLC. However, there would be inter-numerology interference between two adjacent sub-bands with different numerologies due to different sub-carrier spacing, different OFDM symbol durations and possibly different CP lengths. For the sub-carriers located at the boundary of two adjacent numerologies, the interference would be even huge. As evaluated in our companion contribution [3], such inter-numerology interference will degrade system performance and potentially a guard band is needed between two different numerologies. Therefore the inter-interference between two adjacent sub-bands needs to be carefully considered when designing the 5G new RAT framework.
Proposal 1: The inter-interference between two adjacent sub-bands needs to be carefully considered when designing the 5G new RAT framework.
In order to mitigate the effect of the inter-numerology interference and avoid the resource fragmentation, one potential scheme is trying to restrict the number of the boundaries of different numerologies. For example, if 3 numerologies, i.e., corresponding to eMBB, massive MTC and URLLC respectively, co-exist within the same framework, there can be only 2 boundaries of different numerologies. The cases of generating more than 2 boundaries of different numerologies shall be avoided as far as possible. This means when multiple carriers (if the scheme of multiple carriers is adopted, e.g., for massive MTC in 5G new RAT) are configured for one service group, e.g., massive MTC, then those carriers shall be located within the same sub-band using the same numerology. Furthermore, the bandwidth of the sub-band for massive MTC and/or URLLC can be adjusted in order to adapt to the fluctuation of traffic load of massive MTC and/ or URLLC. For example, when the MTC traffic load is high for some period of time, more MTC carriers can be configured within the sub-band for massive MTC, and vice versa. Hence a floating boundary (or guard band if needed) between two different sub-bands with different numerologies can be supported to fulfill such purpose. Note that such floating boundary means a dynamically variable or at least semi-static bandwidth for eMBB. Therefore the method to inform the eMBB terminals of the available bandwidth within the system bandwidth needs to be further studied. 
Furthermore, frequency hopping is important to improve the performance of services within a possibly narrow massive MTC sub-band, then it is beneficial to enable frequency hopping on the basis of sub-band level in order to avoid the introduction of additional inter-numerology interference due to frequency hopping. For example, as illustrated in Figure 1, multiple massive MTC carriers retune their frequencies from the upper frequency side to the lower frequency side within the system bandwidth in different time periods, along with that, the URLLC sub-band retunes from the lower frequency side to the upper frequency side within the system bandwidth. Note that by such operation, no additional boundaries (or guard band if needed) of different numerologies are introduced hence additional interferences are avoided when performing frequency hopping for massive MTC.


Figure 1 illustration of the framework of 5G new RAT (frequency hopping)
Proposal 2: The following can be considered when designing the 5G new RAT framework,
· As few boundaries (or guard band if needed) between different numerologies as possible,
· Floating boundary (or guard band if needed) between two different sub-bands with different numerologies,
· Sub-band-wise frequency hopping for narrowband massive MTC carriers.
Conclusions
In this contribution, we present our initial considerations on the framework for 5G new RAT and based on the above discussion, we have the following observation and proposals:
Observation 1: Simultaneous support for eMBB, massive MTC and URLLC can be built in 5G new RAT from the beginning resulting in more efficient system design.
Proposal 1: The inter-interference between two adjacent sub-bands needs to be carefully considered when designing the 5G new RAT framework.
Proposal 2: The following can be considered when designing the 5G new RAT framework,
· As less boundaries (or guard band if needed) between different numerologies as possible,
· Floating boundary (or guard band if needed) between two different sub-bands with different numerologies,
· Sub-band-wise frequency hopping for narrowband massive MTC carriers.
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