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1. Introduction
It is the objective of the NR study item [1] to ensure forward compatibility between Phase 1 and later phases of NR. In RAN1#84bis, forward compatibility for NR is discussed. The following agreements have been reached: 
· Phase 1 and later phases of NR should be designed with the following principles to ensure forward compatibility and compatibility of different features:
· Strive for
· Maximizing the amount of time and freq. resources that can be flexibly utilized or that can be left blanked without causing backward compatibility issues in the future 
· Blank resources can be used for future use
· Minimizing transmission of always-on signals
· Confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time/freq. resource
In this contribution, we further discuss the forward compatibility in the aspects of frame structure including numerology, user centric system design, control channel design and MIMO framework.
2. Frame structure and numerology
Since the future features are not well defined, the resource framework should be sufficiently flexible. The NR numerology and frame structure should be designed according to the following principles:
· Self-contained frame structure
· Flexible frame structure in time
· Flexible multiplexing in frequency
· Flexible numerology
These principles help confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time/freq. resource.  More details about these principles can be found in [2].
2.1  Self contained frame structure
NR should support a frame structure where a scheduling frame contains the signals needed for communicating a block of data. The needed signals may include downlink control, uplink control, downlink reference signals, uplink reference signals, downlink data and/or uplink data. Depending on the configuration, an NR subframe includes a subset of the signals. A scheduling frame may include any subset of the signals, depending on the configurations of the aggregated NR subframes. By concentrating the needed signals in time and frequency, a self-contained frame structure is achieved. 


Figure 1 Two examples of self-contained scheduling frames

Another important aspect of a self-contained frame structure is the transmission of HARQ ACK/NACKs in the same scheduling frame. However, cases with delayed feedback should not be excluded. 

2.2  Flexible frame structure and multiplexing in time and frequency 
Different features have different requirements on the time-domain frame structure. To support efficient multiplexing of known and future services and use cases on the same carrier, it is beneficial if the durations of different scheduling frames are related through power of 2 scaling. 

There are two basic mechanisms by which the scheduling frame duration can be adapted for foreseen and yet unforeseen use cases:
1. Changing the number symbols in a scheduling frame
2. Changing the numerology scaling, which scales up/down the symbol duration
For forward compatibility, the numerology and frame structure should be designed so that the first mechanism can be used smoothly.  Number of symbol per 1 ms is desirable to be power of 2. Then, user with the service requiring shorter TTI e.g. URLLC user with 2-symbol TTI can be multiplexed to other user with longer TTI e.g. for eMBB as shown in Figure 2.  With the second mechanism above, the number of symbols per 1 ms is changed. By scaling both the numerology and the number of symbols per subframe by a power of 2, efficient multiplexing is possible.


Figure 2 Scheduling frames of various time duration, with 16 symbols per 1 ms, equally splitting

Proposal 1: The number of symbols per 1 ms is 2m, where m is an integer, since it allows smooth multiplexing of future services and use cases.

Besides time domain, frequency granularity also may restrict further features. Thus, we should take good consideration on it. In general, small basic frequency unit is desirable. Frequency multiplexing of different numerologies are discussed in more detail in [5].

2.3 Flexible numerology
In NR system, a set of OFDM numerologies should be scaled to meet the different deployments and applications. It is agreed to define the set of OFDM numerologies scaled from single basic numerology. It is also desirable to have the subcarrier spacing for the NR scalable factor as 2n, which m is an integer value. The number of symbol also plays an important factor of scaling.
To meet the forward compatibility requirement, the overall numerology and frame structure design should also consider the possible future introduction of other numerologies from other families, i.e. with other base sub-carrier spacings f0. For example, new combinations of sub-carrier spacing and CP duration may be required in the future. Ways to smoothly introduce, i.e. without significantly added complexity, changed frame structure etc, such new numerologies into the existing numerology and frame structure framework should be considered in the study, even though the details of such numerologies are not provided.

However, it is not the best method to multiplexing different numerologies into same network and same carrier as it will bring more overhead by guard-subcarriers. Percentage of overhead will depends on the exact value of subcarrier spacing and sampling rate, which will bring uncertainty for forward compatibility. Thus, within one carrier of a network, numerology adaptation based on changing the number of symbols per subframe is preferred to scaling of subcarrier spacing, since it ensures better forward compatibility and reduces overhead.

Proposal 2：The design of NR numerology and frame structure should prioritize forward compatibility, in order to ensure smooth evolution to accommodate future services and use cases. Within one carrier of a network, numerology adaptation based on changing the number of symbols per subframe is preferred to scaling of subcarrier spacing, since it ensures better forward compatibility and reduces overhead.
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
According to the agreement in RAN1#84bis, we should strive for minimizing transmission of always-on signals.  Therefore, always-on reference signals like CRS should be avoided.  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.  
In addition, we should also avoid periodic reference signal as much as we can.  If low-frequency carrier assisted high-frequency carrier is considered, it may be possible to always use aperiodic reference signals and avoid purely periodic reference signal in high frequency.  To replace periodic reference signals, aperiodic reference signals or multi-shot reference signal with certain periodicity can be considered. 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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[bookmark: OLE_LINK10][bookmark: OLE_LINK11]          Figure 3 Dynamic configuration of aperiodic measurement RS in different domains
In addition, we should avoid wideband reference signals. When we consider high frequency band in which typically we have larger bandwidth, multi-level CSI-RS design should be considered. The first level reference signals could be configured with multiple shots with long periodicity which covers wideband, and is shared by multiple users. The second level reference signals are user specific and transmitted aperiodically, and should have high configuration flexibility in RB allocation, port allocation, time domain position, number of repetition and power. For example, in figure 3, the 2nd level CSI-RS only happens in the scheduled resources.
[image: ]
Figure 4 Multi-level CSI-RS
Proposal 3：Regarding reference signal design, we propose the following design principles:
· Avoid always-on reference signals 
· Avoid periodic reference signals in a non-standalone system
· Use aperiodic reference signals or configurable multi-shot reference signals
· Granularity and overhead of reference signals should be flexibly configured depending on the different requirements of CSI measurement
· Support multi-level CSI-RS with different configurable granularities

3.2 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 content of system information has become more and more gradually from Rel-8 which only included eleven SIBs and due to more SIBs were introduced for new features.  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.  Many SIBs broadcasting periodically are only useful for few UEs and even are useless because no UE in the cell need them sometimes. 
In NR, we should avoid unnecessary periodic system information transmitted by base station. In high frequency band, NR will have fewer users in a cell. Always-on system information will consume radio resource and transmission power of base station. This will also impact the forward compatibility if the system information spanning too much time-frequency resource. We should identify the fundamental system information for UE to access network. Other system information can be turned on only after the UE requiring the corresponding services accessed or handover to the cell.
Proposal 4：Avoid unnecessary periodic system information. Identify the fundamental system information for UE to access network. The fundamental system information should adapt to different use cases/scenarios.
4. Control channel Design
Control channel is an essential channel for data transmission.  
Different application scenario, such as eMBB/mMTC/URLLC, has different requirement for downlink control channel in NR.  As shown in figure 4, different applications have different length and design of downlink control channel.  In addition, control channel requirements for different frequency bands can be different.  For example, we may need multiple copies of control channel in high frequency band for receive beam sweep or for better robustness.  Therefore, to have better forward compatibility the control channel design should be flexible enough to adapt to different requirements in the future.  
	

Figure 5 Example of resource sharing for different application

	

Figure 6. Example of multi-level downlink control channel


Another problem of control channel is blind detection.  When we add more services in the future, more blind detection may be needed. In order to avoid different blind detection, multi-level control channel should be supported as shown in Figure 5.  Only essential information is carried in the first level of control channel.  This would avoid unnecessary blind detection in the future.  The control channel information can be more scalable depending on the future requirements.
Proposal 5：Regarding control channel design, we propose the following design principles:
-  Design of downlink control channel should be flexible to adapt to different application.
-  Multi-level downlink control channel structure should be considered in NR.
5. 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. We should strive for the common framework for these CSI feedback schemes in different frequency bands. Different scenarios (with different frequency bands, MIMO techniques, with channel reciprocity etc) need different requirements on CSI granularity. In [6], we propose multi-component and multi-level CSI feedback framework.  Multi-component and multi-level design can enable efficient adaptation in terms of both reference signals and CSI feedback overhead to different requirements.
[image: ]
Figure 7 Universal framework for CSI feedback with multi-level granularity
Proposal 6：Support multi-component and multi-level design in MIMO CSI feedback framework in NR

6. Conclusion
In this contribution, forward compatibility is discussed in the aspects of frame structure including numerology, user centric system design, control channel and MIMO framework.  We have the following proposals:
Proposal 1: The number of symbols per 1 ms is 2m, where m is an integer, since it allows smooth multiplexing of future services and use cases.
Proposal 2：The design of NR numerology and frame structure should prioritize forward compatibility, in order to ensure smooth evolution to accommodate future services and use cases. Within one carrier of a network, numerology adaptation based on changing the number of symbols per subframe is preferred to scaling of subcarrier spacing, since it ensures better forward compatibility and reduces overhead.
Proposal 3：Regarding reference signal design, we propose the following design principles:
· Avoid always-on reference signals 
· Avoid periodic reference signals in a non-standalone system
· Use aperiodic reference signals or configurable multi-shot reference signals
· Granularity and overhead of reference signals should be flexibly configured depending on the different requirements of CSI measurement
· Support multi-level CSI-RS with different configurable granularities
Proposal 4：Avoid unnecessary periodic system information. Identify the fundamental system information for UE to access network. The fundamental system information should adapt to different use cases/scenarios.
Proposal 5：Regarding control channel design, we propose the following design principles:
-  Design of downlink control channel should be flexible to adapt to different application.
-  Multi-level downlink control channel structure should be considered in NR.
Proposal 6：Support multi-component and multi-level design in MIMO CSI feedback framework in NR
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