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1. Introduction
[bookmark: _GoBack]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 and RAN1#85, forward compatibility for NR has been discussed. The following agreements regarding forward compatibility have been reached in RAN1#85: 
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs
· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported
· FDM and/or TDM multiplexing can be considered
· Timing between data transmission and corresponding HARQ A/N is indicated explicitly
· FFS if implicit indication is supported in some cases
· Essential system information (MIB) should be decodable based on an identity parameter used for generation of search/synchronization signal (e.g. PSS/SSS)
· Name of identity parameter TBD (e.g. cell ID, hypercell ID, system ID)
· Other dependencies to this identity parameter are FFS
· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study
· multiple frequency/time portions using different numerologies share a synchronization signal
· Note: The synchronization signal refers to the signal itself and the time-frequency resource used to transmit the synchronization signal
In this contribution, we further discuss the forward compatibility in the aspects of frame structure and numerology, initial access, user centric system design and unified MIMO framework.
2. Frame structure and numerology
Since the future features are not well defined or partially unknown at the moment, the resource framework should be sufficiently flexible. The NR numerology and frame structure should therefore 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], [7-10].


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. Also, in order to ensure fast RTT and processing of e.g. URLLC use cases, the order of control and data transmissions within a scheduling frame should be configurable (see [9] for more details).

A self-contained scheduling enables easier multiplexing of different services, where each service is executed within a well-confined time. It makes therefore also simpler to introduce future use-cases without disrupting already existing ones.   

2.2 Flexible numerology and frame structure for multiplexing in time and frequency
In the NR system, a set of OFDM numerologies should be used to meet the different deployments and applications. In RAN1#85, it was decided to have a working assumption where the set of OFDM numerologies is created through scaling from a 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. 
Working assumptions in RAN1:
· RAN1 concludes on alternative 1 (15 kHz) as the baseline design assumption for the NR numerology
· RAN1 concludes on scale factors N =2n for subcarrier spacing as the baseline design assumption for the NR numerology
The implementation of this working assumption basically would also mean to re-use the LTE symbol durations in NCP for the basic sub-carrier spacing. This would have two implications:
· No symbol-alignment between scaled numerologies. The benefits of having symbol alignment between numerologies are described in the companion contribution [7].
· The shortest number of symbols per sub-frame is 7. If sub-frames of shorter time-duration are needed, sub-carrier spacing scaling is the only choice. This means that the numerology is changed, inter-numerology-interference is introduced and in most cases a guard band is needed then. In some situations this could also lead to too short CPs.
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, it is our view that the numerology and frame structure should be designed so that the first mechanism can be used smoothly. The LTE/NCP architecture with 14 symbols per ms of non-uniform duration does not allow that. Therefore, instead, we propose that the Number of symbols per 1 ms is desirable to be power of 2 and of uniform duration. Then, a user with the service requiring shorter TTI e.g. for URLLC, 2-symbol TTI can be multiplexed to another user with longer TTI e.g. for eMBB as shown in Figure 2.
  
[bookmark: _MON_1524058047][bookmark: _MON_1524058195][bookmark: _MON_1524244785][bookmark: _MON_1524057354][bookmark: OLE_LINK8][bookmark: OLE_LINK9]With the second mechanism above, the number of symbols per 1 ms is changed. By scaling both the sub-carrier spacing and the number of symbols per sub-frame 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. Furthermore, the symbols shall have uniform duration. 
To simplify the design of optimized scheduling frames for the various use cases, it should be possible for NR that the different scheduling frames can be created by aggregating basic sub-frame structures.

Another aspect that must be taken into consideration for forward compatibility is the CP duration for different use cases. This is related to both numerology and frame structure. In our view, the first choice is to have just one CP length per sub-carrier spacing scaling. However, if justified needs for a second CP are identified, then its introduction should happen with minimum complexity increase and low standardization effort. If an LTE-like approach (i.e. ECP on top of NCP) is taken to introduce a new CP length in NR, a lot of freedom and flexibility is lost. We do not know, if the ECP is the one we need to handle future use cases. Also, the time-domain structure would become disrupted: for NCP, the shortest number of symbols per sub-frame would be 7 but for ECP, it could be 6, 3 or 2 (not 7, though). This would mean that sub-frame structures had to be re-defined when a new CP is introduced. This could have an immense impact on the standardization efforts. Therefore, if a new CP length for a sub-carrier spacing scaling really is needed, we propose to keep the same time domain properties as for the already existing numerologies. 

However, it is not the best method to multiplex different numerologies into same network and same carrier as it will bring more overhead by guard-subcarriers. The percentage of overhead will also depend on the exact value of subcarrier spacing and the sampling rate, which will bring an uncertainty for forward compatibility. Thus, within one carrier of a network, numerology adaptation based on changing the number of symbols per sub-frame is preferred to scaling of subcarrier spacing. This method 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.
· The symbols boundaries of different numerologies shall be aligned. 
3. Initial Access
Initial access in LTE is associated with several always-on signals, such as PSS/SSS, CRS and PBCH. In NR, the use of such always-on signals in initial access should be minimized.
Initial access includes operations such as cell search and DL synchronization, which are the first operations a UE would perform. Therefore, it is not desirable to make the transmission of synchronization signals too flexible, at least not for standalone operation, in order to keep down the UE complexity and power consumption. Hence, the synchronization signal has to be always-on in standalone operation. In non-standalone, the synchronization signal period can be much longer, since the UEs can obtain rough timing assistance from another layer. It could also be turned off completely, since it is not required for network coverage.
To support beamformed initial access, beam sweeping is required [13]. The number of sweeping blocks in a sweeping time interval should be flexible and transparent to the UE, at least during initial access. The use of a single sweeping block which leaves more resources blank, should be supported.
To support intra-cell mobility, for instance between beams or transmission points, beam RS (BRS) may be necessary. However, the extent to which BRS are used should be configurable, for instance in the essential SI, in order to maximize the blank resources when measurements for intra-cell mobility are not needed.
Proposal 3：NR should support a scalable initial access framework, ranging from a light-weight mode with a bare minimum of always-on signals, to a heavy-duty mode that supports fully beamformed initial access.
4. Unified MIMO framework
NR considers support of wide range of frequency. Different frequency bands have different channel characteristics and application scenarios.  MIMO with beamforming is a key technique for compensating severe path loss for high frequency bands. It also provides spatial multiplexing and beamforming gain in various range of frequency bands.  However, different beamforming types and different number of beams i.e. single beam or multi-beam can be considered in different scenarios and frequency bands. In addition, channel reciprocity may or may not be guaranteed depending on various factors.  Therefore, NR system design should be flexible and scalable for better forward compatibility so that it can meet different requirements in the future.  In [14], we propose unified MIMO framework for NR above and below 6GHz.  The design should be flexible and scalable to different beamforming types, different number of beams and different degree of channel reciprocity.  
Proposal 4：Strive for unified MIMO framework for NR above and below 6GHz. The design should be flexible and scalable to different beamforming types, different number of beams and different degree of channel reciprocity.  
5. 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.

[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK12][image: ]
[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 5：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 6：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.
6. Conclusion
In this contribution, forward compatibility is discussed in the aspects of frame structure including numerology, initial access, user centric system design 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.
· The symbols boundaries of different numerologies shall be aligned. 
Proposal 3：NR should support a scalable initial access framework, ranging from a light-weight mode with a bare minimum of always-on signals, to a heavy-duty mode that supports fully beamformed initial access.
Proposal 4：Strive for unified MIMO framework for NR above and below 6GHz. The design should be flexible and scalable to different beamforming types, different number of beams and different degree of channel reciprocity.  
Proposal 5：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 6：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.
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