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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]. According to the SID, the specification would occur in two phases:  
· 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.
This means Phase I design should be done keeping in mind of forward compatibility to Phase II. It can be interpreted that the design of NR should be flexible and scalable to support new and possibly unpredictable applications, scenarios and spectrum coming up in the future. In this contribution, we discuss the forward compatibility in the aspects of frame structure including numerology, user centric system design and MIMO framework.
2. Frame structure and numerology
In the aspects of frame structure design, the following design principles should be adopted considering forward compatibility:
- Self contained frame structure
- Flexible data subframes
- Flexible numerology
2.1  Self contained frame structure
Self contained frame structure means that one TTI consists of downlink control slot (DC slot), uplink control slot (UC slot) and a data slot. In addition to downlink control and uplink control channel, DC or UC slot can also be used for the transmission of downlink or uplink reference signal. 


[bookmark: _Ref446681885]Fig 1 Example for self-contained TTI
The grant, data and ACK/NACK can be all put into one TTI so that the process of data transmission is self-contained in one TTI. Complicated HARQ timing and data grant timing make it very hard to be compatible with future applications which may have different timing requirements. Self-contained frame structure can avoid complicated timing relationship.    
2.2  Flexible data subframes
The direction and length of data subframes should be flexible enough to adapt different traffic and applications in the future. As described in [2], data slot of a TTI can be allocated flexibly with uplink or downlink data.  The direction can be determined dynamically in the data grant in the same self-contained TTI. This can achieve dynamic TDD which adapts accordingly to the downlink and uplink traffic.  


[bookmark: _Ref446744119]Fig 2 Example of TTI aggregation
In addition, TTI length can adapt to the traffic type e.g. depending on the data packet size. As shown in Figure 2, TTI aggregation can be done to form a longer TTI with longer data length. This can be done flexibly considering the overhead of the control signalling.         
Flexible data subframe design is also good for flexible use of radio links. The radio resources can be shared by backhaul/access links dynamically. Moreover, device to device communication and backhaul links can also be multiplexed and share the radio resources. 
2.3 Flexible numerology
In NR system, it should be flexible to support different services in different frequency bands. Different services can have different requirements e.g. coverage, data rate and reliability. Different frequency bands have different channel/interference characteristics which provide different coverage. So its numerology of waveform and frame structure should be different considering different frequency ranges and service requirements. However, the level of flexibility in different frequency ranges is needed to be studied. Our companion contribution [3] gives more detailed information of numerology. The basic approach is to divide the whole frequency range of new RAT into several sub-ranges. For each frequency sub-range, one set of basic numerology is designed and can be scaled for eMBB is firstly designed for each frequency sub-range. The numerology for the specific use cases of other applications (e.g. mMBB, mMTC or URLLC) can be derived from the basic numerology of the corresponding frequency sub-range.  
3. User centric system design
In LTE, system was designed based on cell centric manner. Signals/channels including reference signals, common channels are cell specific based on physical cell ID. Later in LTE-Advanced, the trend is to reduce the coupling with physical cell ID. e.g. Reference signals are based on UE specific configurable virtual cell ID.  This made it more flexible for adapting to different network deployment. However, to support legacy LTE UEs, the mandatory cell specific signals are still transmitted periodically. This incurs issues like interference and power consumption issues. 
In NR system, it is expected to be based more on virtual nodes rather than physical cells. The virtual nodes include beams based virtual cell which is more UE specific. The NR system design should be flexible and let the network choose to transmit signals only when it is necessary. To ensure good forward compatibility, the design principle is to minimize mandatory signals in the network for lower interference and better network efficiency.  In the following sub-sections, we discuss the flexible design using the examples of reference signals and broadcast channel for system information.
3.1 Reference Signals
Reference signals are traditionally used for measurement and demodulation. Reference signal contamination issue can be a major issue to the network if reference signals are not designed well. For example in LTE, CRS interference significantly reduces the network capacity if there is no interference cancellation. Therefore, the reference signals should be transmitted only when it is needed. Figure 3 illustrates dynamic configuration of aperiodic CSI measurement RS. The aperiodic reference signal is transmitted only when the CSI measurement is triggered.
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          Figure 3 Dynamic configuration of aperiodic measurement RS in different domains
Moreover, the granularity and overhead of reference signals should be flexibly configured depending on the different requirements of CSI measurement for different services and scenarios. In some cases, dedicated measurement RS may not be needed since the link adaption can rely solely on demodulation RS or soft HARQ feedback.
3.2 Broadcast channel for system information
According to the SID [1], both LTE assisted and standalone operation modes are considered. Standalone operation modes may not be standardized in Phase I. However, when we design the LTE assisted operation mode, we should also keep in mind of standalone operation and strive for using common framework for initial access.  One of the issues for initial access is broadcasting system information.
The system information became bigger and bigger gradually from Rel-8 which only included eleven SIBs due to more SIBs were introduced for new features, and this tendency will continue according the current mechanism. However, the later-introduced SIBs are usually only needed by the UEs which support the corresponding features, so many SIBs broadcasting periodically are only useful for few UEs and even are useless because no UE in the cell need them sometime. That is to say, the efficiency of the broadcast resource will be lower as more SIBs introduced. In NR, especially for the higher frequency case, the cell will be smaller than LTE and fewer UE in a cell, if the same mechanism for system information delivery as LTE is used again, the low efficiency of resource will be severer.  Also different UEs may need different set of system information. 
To improve the efficiency of the broadcasting resources, one potential approach is to classify system information into different category based on the necessity of broadcast. And only the common and essential system information will be broadcast. The rest will be delivery to UE by UE specific signaling.
4. MIMO framework
In LTE, multiple MIMO transmission modes are specified for the evolution of MIMO techniques. At the same time, CSI feedback is tied to different transmission schemes. i.e. CSI is fed back based on the assumption of the transmission scheme.  This approach has certain benefit of making the CSI information matched with the transmission scheme if the same transmission scheme is used in the actual transmission. However, it is often not the case when MIMO technologies evolve. For instance, CSI feedback is based on SU-MIMO transmission but the actual transmission may be MU-MIMO. Therefore, the benefit diminishes if we consider advanced MIMO technologies. In NR system, CSI feedback can be considered to be decoupled from the transmission scheme.  This makes CSI feedback universal and applicable to any future MIMO transmission schemes and ensures better forward compatibility. Explicit CSI feedback is one of the candidates we can consider.     
In NR system, it is likely that the low power TRPs and UEs can have similar level of complexity and size especially when we consider high frequency. When we design the MIMO framework, it should be flexible and applicable to different use cases e.g. including backhaul/D2D links. Therefore, the similar framework should be used for downlink and uplink at least for high frequency communication. Moreover, parameters like number of antennas, receiver complexity can be considered in the similar level complexity e.g. it is proposed in [4] to support higher number of antennas in UE side for high frequency communication.
5. Conclusions
In this contribution, forward compatibility is discussed in the aspects of frame structure including numerology, user centric system design and MIMO framework.
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