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1. Introduction
In RAN#71, a new study item related to new radio access technologies for next generation of wireless communication has been approved [1]. In this SI, some objectives related to the whole RAN are mentioned. According to [1], it is a common sense that variety scenarios should be supported in a single technical framework. In order to achieve this goal, it is necessary to first discuss some design principles. In this contribution, we will provide some design principles specifically for RAN1 to meet these targets in [1]. Although these principles are not related to specific schemes for NR directly, they can be as an important guidance to narrow down the options from potential huge number of alternatives.

2. Unified Design in Bottom of L1
Layer 1 in 2G-4G mainly contains some signaling and channel of physical layer. Although certain unique technologies are designed for some specific scenarios in L1, for example, MIMO is often used for eMBB, there also exist some basic technologies that can be integrated into a single framework to support all three major scenarios defined in [1], all potential frequency bands and all potential deployments. 

In order to separate these two kinds of technologies defined above in L1 and pay special attention to these two aspects, we can extract some “common” part of scenarios from traditional L1. This common part can form an abstract physical layer, called L0. An illustration of L0 concept is provided in Figure1.

Figure1 Position of L0 and its functions
L0 layer is the abstraction of common parts of a variety of services, frequency bands and deployments on the physical layer. Therefore, L0 layer is transparent to them. Common parts here do not mean that they are exactly the same, but that they can be configured to be the same for convenience. The contents of L0 layer that can be identified at the present include two parts: waveform related issues and numerology & frame structure related issues.

For waveform, CP-OFDM has been widely used in LTE, so the selected NR waveform should be able to coexist with CP-OFDM very well. Namely, the NR waveform just needs to undergo appropriate changes to CP-OFDM to fit some scenarios, such as low out-of-band leakage, time domain and frequency domain synchronization with low requirements, and can easily fall back to CP-OFDM. A better waveform is called FB-OFDM (Filter Bank OFDM). This waveform filters CP-OFDM at sub-carrier level, so you can use an efficient polyphase filter design. Additionally, because of the out-of-band leakage filtering of each sub-carrier, the waveform has a low out-of-band leakage and good time/frequency domain synchronization robustness. Further, the only difference between CP-OFDM and FB-OFDM is that FB-OFDM has a polyphase filter while CP-OFDM does not. If the polyphase filter is defined as one tap, then FB-OFDM can fall back to CP-OFDM perfectly. More detailed information of FB-OFDM can be found in [2].

In NR system, different services may be carried on different frequency bands, so its numerology and frame structure should be different; however, it is not a good way to design a set of independent numerologies and frame structures for each scenario/frequency band/deployment. A more efficient and flexible method is to use the scalable design. We can reuse the numerology and frame structure defined in LTE with necessary modification as a starting point, and introduces some scalable factors to adapt different scenario/frequency band/deployment. For example, the number of OFDM in 1ms can be changed from 14 to 16 to define shorter TTI conveniently and flexibly; in order to adapt to this change, sampling rate can be changed from 30.72 MHz to 30.72*n/m MHz, here m is an integer power of 2 and n is an integer. Scalable factors can be used to linearly extend basic numerology and frame structure. With these scalable factors, as long as you configure it properly, different services, frequency bands and deployments can be supported in single framework. For example, we generally configure large scalable factor at high frequency bands to support larger bandwidth, using a larger sub-carrier interval, shorter symbol length, shorter CP length and shorter TTI. More detailed discussions of numerology and frame structure are found in [3, 4].

3. Compatibility
Compatibility is an important issue during NR design process. Although it is clear that NR is not backward compatible with LTE/LTE-A/LTE-Pro, some basic parameters such as sampling rate should still be considered in NR in order to support multi-mode terminals. 

Phase II of NR of course is backward compatible with Phase I of NR. Forward compatibility is a mandatory requirement in NR since many advantages such as convenient introduction of new service, mitigation of interference, power saving and so on can be seen in future NR that supports diversity applications. According to [1], forward compatibility should include: 1) Phase I of NR forward compatibility with Phase II of NR; 2) Phase II of NR consideration of forward compatibility with new unpredictable scenarios/applications.

A lot of aspects should be reconsidered when compatibility is kept in our mind. Here we list some of them: self-contained frame structure, self-contained reference signaling, structured system information for on-demand transmission, nonsynchronous HARQ, separation between measurement/feedback and MIMO mode, flexible assignment of downlink/uplink and access/backhaul. [5] gives more detailed analysis about compatibility in NR.

4. Multiplexing and Access 
Multiplexing and access are basic issues in NR. Orthogonality is the main multiplexing and access form in LTE while MUST and other types of non-orthogonality schemes are also used. Orthogonality has its own advantages such as low and controllable interference, high capacity performance with smart coordination, simple and effective usage of wireless resources etc. On the other hand, orthogonality also has its own essential shortcomings. There may be two kinds of disadvantages. One is capacity loss of the whole network assuming near-far effect and advanced receiver exists; another one is that orthogonality needs expensive radio signaling to support since it is usually associated with scheduling, controlling etc. In some cases such as mMTC/IoT and so on it is unaffordable to spend much scheduling/controlling radio resource to transmit so less bits. Additionally orthogonality associated with scheduling/controlling is not suit for urgent transmission when contending for radio resource is a good choice. Contention is usually associated with non-orthogonality especially in uplink.

mMTC/IoT is one of three major scenarios in NR featured by low cost, low rate, low power assumption, huge amounts of sensors and uplink limited. These features require grant free schemes that eNB will not schedule/control before sensor transmits its light load. We call this kind of access in such situation mentioned above as MUSA (multi users shared access). In order to mitigate the interference among different sensors resources spreading is often used. Generally considering power limited in sensor that uses battery, resource spreading often happens in time domain and importantly, short code is a better choice since simple SIC and high overload (namely the number of connectivity in the same time/frequency/spatial domain) are more matched with it. More detailed analysis and information about MUSA can be found in [6, 7].

5. Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: Abstract (separate) some common parts from Layer1to form L0 to support all kinds of different scenarios
Proposal 2: List some important issues that may affect compatibility especially forward compatibility
Proposal 3: Non-orthogonality access e.g. MUSA should be considered in NR especially for mMTC/IoT
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