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Introduction

As the outcome of the RAN #71 plenary meeting, the study item for the New Radio air interface was approved [1]. The forward compatibility was emphasized as one of the major objectives:
· The new RAT shall be inherently forward compatible
· It is assumed that the normative specification would occur in two phases: Phase I (to be completed in June 2018) and Phase II (to be completed in December 2019)
· Phase I specification of the new RAT must be forward compatible (in terms of efficient co-cell/site/carrier operation) with Phase II specification and beyond, and backward compatibility to LTE is not required
· Phase II specification of the new RAT builds on the foundation of Phase I specification, and meets all the set requirements for the new RAT. 
· Smooth future evolution beyond Phase II needs to be ensured to support later advanced features and to enable support of service requirements identified later than Phase II specification.

A set of design principles need to be defined to support the forward compatibility for the New Radio air interface.

[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Motivations

The New Radio of 5G is expected to provide significant performance improvements over the previous generations of mobile communication systems in terms of major KPIs such as peak data rate, peak spectral efficiency, UE experienced data rate, mobility, latency, connection density, UE and network energy efficiency, etc. [2].

In addition to that, various deployment scenarios are defined for the three families of usage scenarios for IMT for 2020 and beyond [2]. The eMBB deployment scenarios include indoor hotspot, urban macro, dense urban, rural, extreme rural with extreme long distance and high speed for high-speed trains. Similar or additional deployment scenarios may be defined for mMTC and URLLC.

A requirement for the New Radio is the support for wide range of services, which means that “the system shall be inherently flexible enough to meet the connectivity requirements of a range of existing and future (as yet unknown) services to be deployable on a single continuous block of spectrum in an efficient manner” [2, Section 10.2].

Therefore, the forward compatibility needs to be guaranteed to accommodate future enhancements of the New Radio air interface. The forward compatibility was emphasized in the way forward on 5G/IMT-2020 [3]:
· 5G-NR shall eventually address all requirements and usecases identified in the RAN SI
· 5G-NR forward compatibility will be key to phase-in the different features in different releases in an optimal way. The Technology SI shall study the best way to achieve that!


System design principles on forward compatibility

First of all, the forward compatibility needs to be clearly defined.

Proposal 1: Forward compatibility for the New Radio should be defined as: Services or features using existing or new numerologies can be introduced later with no impacts on the access of earlier services and UEs.

In order to efficiently support the forward compatibility, it is necessary to define a set of system design principles for the New Radio air interface.

Self-contained design for each scenario or service
The design of the New Radio should be modular and dynamically adaptive such that it offers forward compatibility for future enhancements. As Figure 1 shows, one way to accomplish this is that physical signals, physical channels and signaling mechanisms are self-contained within a time-frequency partition configured for a particular service / usage scenario  [4][5].
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Figure 1. Forward compatibility with a self-contained New Radio air interface design.

The New Radio air interface should be a unified air interface that can be flexibly configured to allow easy introduction of new air interface components to meet requirements of new services / usage scenarios in the future.

To ensure forward compatibility for the New Radio, physical layer functionalities (such as signals, channels and signaling mechanisms) specific to a service/usage scenario should be confined within its flexibly-configured time/frequency partition. Sharing of some common physical layer functionalities among some services should be supported. UEs should be able to operate properly once a new service is added and occupies subcarriers (e.g. PRBs) within the UE’s system bandwidth. Therefore the New Radio should not require the transmission of wideband signals and channels [4].

Frequency localized waveform enabling easy introduction of new numerologies and frame structure configurations in the frequency domain

The framework of the New Radio air interface should be designed with the full flexibility to introduce new numerologies and frame structure configurations and support their co-existence with their existing counterparts. In the case of FDM, the most efficient multiplexing of various numerologies can be achieved by using the frequency localized waveform.

OFDM has long been recognized as a waveform with nice properties and adopted by the systems of LTE and IEEE 802.11 series. However, it’s shown that the traditional OFDM waveform has some disadvantages when it is used to satisfy the 5G requirements [6][7]. 

· The numerology including subcarrier spacing, CP length and symbol duration is fixed. It is not adjustable to meet the different requirements of services or usage scenarios
· The subcarrier spacing of OFDM has to deal with the worst case scenario of the inter-carrier interference (ICI) and cannot be changed over the entire bandwidth which is covered by the same IFFT processing. Moreover, the fixed length of cyclic prefix (CP) makes it inefficient to deal with different channel conditions. The single fixed waveform numerology cannot meet the different requirements from the services, usage scenarios and deployment scenarios (mobility and channel conditions).
· The spectral sidelobe is high and causes high out-of-band leakage.
· The waveform of OFDM is not very well localized in the frequency domain. It has significant spectral sidelobe which usually requires up to 10% of the total bandwidth as guard band to reduce the out-of-band leakage. This renders OFDM inefficient in both non-fragmented and fragmented spectrums and in the support of co-existence of various numerologies in the frequency domain.

Similarly, the introduction of new frame structure configurations on a single continuous block of spectrum should also be supported to enable the forward compatibility for future enhancements (e.g., new vertical applications) [8]. Therefore, the frequency localized waveform must be supported to enable easy introduction of new numerologies and frame structure configurations in the frequency domain within a single continuous block of spectrum [6][7].

Uniform design of waveform for downlink, uplink and sidelink

To enable the low-complexity TRP-TRP and UE-UE interference cancellation techniques, it is required to use the same waveform and the same subcarrier to frequency mapping for the downlink and uplink. In addition to that, the same numerologies such as the cyclic prefix length and subcarrier spacing for downlink and uplink are also very important to implement low-complexity cross-link (TRP-to-TRP and UE-to-UE) interference cancellation [6] (see Figure 2).
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Figure 2. Illustration of TRP-TRP and UE-UE interference. 

The enabling of low-complexity cross-link (TRP-to-TRP and UE-to-UE) interference cancellation also benefits the forward compatibility by paving the way for introducing new features such as joint access and backhaul and evolved D2D operations.

· Joint access and backhaul
The spectral efficiency of joint access and backhaul design is a very important issue. As Figure 3 shows, the access and backhaul links using the same waveform can be easily spatially multiplexed just as what is done by MU-MIMO. The spectral efficiency can be improved consequently.

· Evolved D2D
As Figure 4 shows, the sidelink (uplink) and the cellular link (downlink) using the same waveform can also be easily spatially multiplexed just as what is done by MU-MIMO. This will lead to higher spectral efficiency.
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Figure 3. MU-MIMO-like operation for paired backhaul and access links.
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Figure 4. MU-MIMO-like operation for paired sidelink and cellular link in evolved D2D.

The uniform design of waveform for downlink, uplink and sidelink must be supported to pave the way for introducing new features.

Proposal 2: Forward compatibility requires that the following must be supported: 
· Physical layer functionalities (such as signals, channels and signaling mechanisms) specific to a service/usage scenario should be confined within its flexibly-configured time/frequency partition.
· UEs should be able to operate properly once a new service is added and occupies subcarriers (e.g. PRBs) within the UE’s system bandwidth.
· New Radio should not require the transmission of wideband signals and channels.
· Frequency localized waveform must be supported to enable the co-existence of different numerologies in the frequency domain.
· The uniform design of waveform for downlink, uplink and sidelink must be supported.
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The forward compatibility needs to be clearly defined.

[bookmark: _GoBack]Proposal 1: Forward compatibility for the New Radio should be defined as: Services or features using existing or new numerologies can be introduced later with no impacts on the access of earlier services and UEs.

In order to support the forward compatibility, the following design principles must be applied for the New Radio air interface.

Proposal 2: Forward compatibility requires that the following must be supported: 
· Physical layer functionalities (such as signals, channels and signaling mechanisms) specific to a service/usage scenario should be confined within its flexibly-configured time/frequency partition.
· UEs should be able to operate properly once a new service is added and occupies subcarriers (e.g. PRBs) within the UE’s system bandwidth.
· New Radio should not require the transmission of wideband signals and channels.
· Frequency localized waveform must be supported to enable the co-existence of different numerologies in the frequency domain.
· The uniform design of waveform for downlink, uplink and sidelink must be supported.
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