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Introduction
In the last RAN plenary (RAN#71), a study item on ‘New Radio Access Technology’ was approved [1] based on consensus that a new non-backward compatible radio access technology need to be developed in order to meet the challenges of next generation cellular communications. The SI will study and evaluate potential technologies targeted for meeting key 5G requirements under future 5G deployment scenarios and applications.
This contribution summarizes general design principles for this new radio interface from Samsung. Note that 2 contributions have been submitted on the topic of general design principles from Samsung. This contribution focuses on the 5G system operation aspects while the companion contribution [2] focuses on the 5G key functionality aspect.
5G new radio interface: system operations
1 
2 
Spectrum
Spectrum has always been the most fundamental and important resource in wireless cellular communications. With the explosion of wireless traffic volume, it is evident that the spectrum, on which LTE operates, will not be enough in the near future to meet rising market demands. Considering this situation, it is critical that the 5G new radio interface be designed in the initial phase to operate both in sub-6GHz (conventional deployments) and over-6GHz spectrum. Designing 5G for over-6GHz will provide means to exploit the vast spectrum resources that were out of reach in LTE. Designing 5G for sub-6GHz will provide means to upgrade existing LTE deployments and to better utilize newly allocated sub-6GHz spectrum.
Related to spectrum, two additional issues need to be considered: system bandwidth and duplex method for 5G new radio interface. For over-6GHz, given the larger available spectrum resources, it is natural that the system bandwidth be much larger than that of LTE so as to meet ITU’s eMBB requirements. Compared to over-6GHz, the available spectrum for sub-6GHz will be as large. Even so, if one considers future spectrum allocations as summarized in Figure 1, it can be easily deduced that larger system bandwidth can be available even for sub-6GHz. Given the situation, 5G new radio air interface should be designed to support system bandwidth of larger than 20MHz in both sub-6GHz and over-6GHz. The larger system bandwidth would enable 5G to support higher data rate without necessarily supporting CA operations as in LTE.
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[bookmark: _Ref446502340]Figure 1. Regional spectrum allocation for sub-6GHz.
On the issue of duplex method, both FDD and TDD mode of operation should be supported as part of 5G new air interface. Supporting TDD is important since most of the newly allocated sub-6GHz and over-6GHz spectrum are expected to be TDD. Supporting FDD is important for future spectrum refarming of the current FDD bands. Currently, majority of the spectrum allocated for cellular communications below 3GHz are FDD. In order for 5G to be deployed in these bands, it is important that FDD mode of operations be supported as well.
Design principle 1: Provide specification support for both sub-6GHz and over-6GHz spectrum in 5G phase 1.
Design principle 2: Support system bandwidth larger than 20MHz for both sub-6GHz and over-6GHz spectrums.
Design principle 3: Support both FDD and TDD modes of operation.
Bidirectional compatibility: LTE-5G coexistence and forward compatibility
LTE coexistence refers to the case where a common spectrum resource in a legacy LTE band is used by both LTE and 5G as shown in Figure 2. The merit of being able to support LTE-5G coexistence is that simultaneous deployment of LTE and 5G would not necessarily require separate spectrum resources. Depending on the traffic loading of LTE and 5G, the spectrum can be utilized for only LTE, only 5G, or for both. An example is shown in Figure 2, where system bandwidth of 20MHz is shared between LTE and 5G. Note that LTE already has specification support for coexistence with other radio access technologies. One example is LAA which allows LTE to coexist with Wi-Fi by avoiding collision in the time domain.
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[bookmark: _Ref446508849]Figure 2. LTE-5G coexistence within a common spectrum resource of 20MHz.
Forward compatibility refers to providing specification features so that future 5G enhancements can operate with legacy 5G features without any backward compatibility issues. An example of forward compatibility feature found in LTE is the MBSFN subframes. Initially, these subframes were designed to accommodate eMBMS in Rel-9. However, since LTE was designed such that essential system operations such as paging, RACH response, and synchronization did not operate on these MBSFN subframes, it was possible to specify future enhancements in these subframes without being tied down by legacy operations.
Forward compatibility in 5G can be realized by providing specification support to configure a set of wireless resources (forward compatibility resources) which are not used for essential system. Furthermore, if 5G’s essential system operation can be designed to have a reduced footprint or enhanced flexibility, the extent of forward compatibility can be significantly improved. Examples of configuring forward compatibility resources in the time and frequency domain, respectively, are depicted in Figure 3. More details can be found in [4].
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[bookmark: _Ref446525282]Figure 3. Support for forward compatibility resources in time and frequency domain.
Design principle 4: Design 5G so that it can coexist with LTE when deployed on LTE spectrum.
Design principle 5: Support forward compatibility resources on time and frequency domain resources which are not used for essential system operations.
Support for vertical services
One of the key features that distinguishes 5G and LTE will be 5G’s inherent support for multiple vertical services. A summary of different deployment scenarios and applications from the ITU Vision document can be summarized as:
· Enhanced mobile broadband (eMBB): Human-centric use cases for access to multi-media content, services, and data
· Ultra-reliable and low latency communications (URLLC): Stringent requirements for capabilities such as throughput, latency, and availability
· Massive MTC (mMTC): Very large number of connected devices typically transmitting a relatively low volume of non-delay-sensitive data, where devices are required to be low cost and have a very long battery life
Each vertical service has its own technical requirements, which would need to be reflected in areas such as numerology, waveform, and multiplexing. Furthermore, the technical requirements of each vertical could be easier or more difficult to meet depending on whether it is operated in sub-6GHz or over-6GHz spectrum. Although 5G new air interface should strive for a common structure encompassing both sub-6GHz and over-6GHz, the characteristics of different spectrum regions must to be considered.
Design principle 6: Strive for a common structure for both sub-6GHz and over-6GHz considering different channel characteristics and target verticals.
Reduced footprint
[bookmark: _GoBack]Although LTE has proven itself as a good technical design and a commercial success, there are some areas that can be further improved in 5G new air interface. One of such areas is the inflexible CRS operation. Characteristics of CRS that are deemed inflexible are the following:
· Source of inter-cell interference: CRS being transmitted even when there is no data transmission in time and frequency causes inter-cell interference to adjacent cells
· Energy inefficiency: Prevents eNB’s PA from entering deep sleep even when there is no data in eNB buffer since CRS cannot be turned off dynamically
· Limited scalability: Number of CRS antenna ports supported in MIMO operation is limited due to its overhead being proportional to the number of ports
For the sake of improving system flexibility, performance, and forward compatibility in 5G new radio interface, it is important that the specification be designed to minimize signals, which must be transmitted across the entire system bandwidth or always turned ON. Such signals would include both control signalling and reference signals.
Also in LTE, there are multiple specification support for similar features. For example, eICIC and CoMP have both been designed for the purpose of interference coordination but have different specification support. eICIC has subframe subset configuration while CoMP has IMR and CSI process. Another example in LTE could be PDCCH and E-PDCCH.
Design principle 7: Minimize transmissions which must occupy entire system bandwidth or always turned ON.
Design principle 8: Strive for a common specification design to support similar set of features.
Conclusions
In this contribution, we provide an overview of the design principles for 5G new air interface from system operations point of view. Discussions on how 5G should be designed terms of spectrum support, bidirectional compatibility (LTE-5G coexistence and forward compatibility), support for vertical services, and reduced footprint are provided.
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