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1 Introduction

The following was agreed in RAN1 #84bis as design principle in NR to achieve forward compatibility of the new radio interface:
	· 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



Further agreements were reached at the last RAN1 meeting:
	· 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



In this contribution, we consider how blank resources can be used in both time-domain and frequency domain to introduce not only new services, applications, but also waveforms or numerologies in the future.
2 Time-domain forward compatibility
Blank resources can be used for forward compatibility similar to the concept of MBSFN subframes in LTE Rel. 8. For NR, however, it is envisioned that these blank resources are needed not only in the time domain but also in the frequency domain. For example, the absence of blank resources in the frequency domain warranted a complicated inband design for NB-IoT which clearly suffers in terms of performance, efficiency, and complexity compared to the clean-slate NB-IoT standalone or guardband design. 
Similarly, MBSFN subframes do not really provision blank resources in the time domain due to the transmission of CRS on the first one or two symbols of a MBSFN subframe depending on the eNB’s antenna configuration. This presented a big problem in Rel. 10 eICIC when almost blank subframes were introduced and later, in Rel. 11, led to the introduction of complex and costly interference canceling receivers. 

Moreover, the number of MBSFN subframes in LTE is limited to 60% of the subframes of a radio frame. This also puts a limit on the achievable forward compatibility as some resources, e.g., subframe #0 and #5 cannot be transmitted without CRS across the entire LTE system bandwidth. 
RAN1 is also discussing a self-contained subframe structure where assignment, data, and HARQ ACK/NACK feedback potentially can be transmitted within one subframe. This is illustrated in the top part of Figure 1 and further details can be found in a companion contribution in [1]. Assuming a self-contained subframe structure is feasible—obviously it puts tight processing constraints on both the eNB and UE baseband circuitry—it naturally guarantees forward compatibility as all transmissions, as the name suggests, are self-contained within one subframe. The DCI transmitted in the beginning of a subframe schedules the data transmission in the same subframe and the corresponding HARQ ACK/NACK feedback can be transmitted at the end of the same subframe. 
As discussed in [1], it is not clear at this point if such self-contained transmissions are possible from a UE processing capability point of view and most likely, NR design will need to progress further to conclude this question as feasibility of self-contained transmissions depends on the NR reference signal design, channel design, channel coding scheme, and so forth. It should thus not be assumed that all UEs will support self-contained transmissions. So while some UEs may be able to feedback HARQ ACK/NACK feedback in the same subframe, thus avoiding any inter-dependencies between subframes which may potentially impact forward compatibility, this cannot be the universal approach to forward compatibility in NR. Some transmissions in the DL, e.g., PDCCH transmissions scheduling an UL transmission or PDSCH transmissions necessitating HARQ ACK/NACK feedback in a PUCCH transmission, will inherently introduce some dependencies between subframes. 
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Figure 1: Examples of forward compatible HARQ designs
In order to achieve forward compatibility in NR despite these interdependencies between subframes, some subframes could be configured as invalid subframes similar to the concept of invalid subframes in NB-IoT. For instance, say a PDSCH transmission in subframe #0 is scheduled to feedback HARQ ACK/NACK in subframe n+k, i.e., n=0. Subframe #3 is configured as an invalid subframe and k=5. Then the UE would transmit the HARQ ACK/NACK feedback in subframe #6, i.e., the invalid subframe in subframe #3 is not counted. 
While this approach would work, it not only requires additional RRC configuration of invalid subframes, moreover, the UE will also make an assumption about said subframes that are configured as invalid. The situation is similar to that of dynamic TDD. The UE may be configured with a TDD UL/DL configuration and thus will assume for every subframe that it is either DL or UL depending on the TDD UL/DL configuration. Alternatively, the UE may make no assumption about the duplex direction of any subframe unless it is scheduled with a DL or UL subframe in which case it will assume the subframe is DL or UL. A similar design is preferred for forward compatibility in the time domain. The UE shall make no assumption whether a subframe is invalid or not and explicit indication of valid subframes by scheduling transmissions via downlink control information is preferred. 

Proposal 1: Configuration of invalid subframes for forward compatibility is not required in NR
3 Frequency-domain forward compatibility
In LTE, TDD UL/DL configurations define the transmission direction of one subframe in networks operated in unpaired spectrum, i.e., with the exception of the special subframe a subframe is either denoted DL or UL. The special subframe can occur at most once per half-frame. In NB-IoT, where multiple numerologies may coexist within the same LTE carrier, this presented a major obstacle in defining NB-IoT for TDD networks and ultimately, NB-IoT in Rel. 13 was not designed to support TDD. 
In NR, multiple numerologies may also coexist. In addition, the frame structure design discussed for NR allows for one or multiple RF switching points in every subframe, maybe with the exception of some subframes reserved for PRACH and common channels and signals [1]. Figuratively speaking, any subframe, with the aforementioned exceptions, can be a special subframe in NR. This, in conjunction with the support of several subcarrier spacings, allows for a more flexible, and thus forward compatible multiplexing of numerologies in TDD systems. Increasing the subcarrier spacing can result in shortened OFDM symbols which allows to multiplex different numerologies efficiently as illustrated in Figure 2. For example, rather than having two symbols for switching the duplexer in the transceiver circuitry, requiring a total of at least three symbols, e.g., switch, transmit/receive, switch, these three steps could fit into a single OFDM symbol, cf. Figure 2.
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Figure 2: Example of multiplexing of numerologies in TDD systems
This concept has been discussed in [2] for multiplexing MBB and URLLC and can also be used for forward compatibility in NR systems when future services are introduced, e.g., mMTC applications with reduced subcarrier spacing. A long burst of mMTC transmissions, e.g., to allow cross subframe channel estimation and repetition to achieve the required coverage enhancements, could coexist with fast HARQ ACK/NACK feedback (viz., frequent uplink/downlink switching points) in the MBB system with which the mMTC system is multiplexed in the frequency domain. The gaps depicted in Figure 3 are not expected to impact the performance of the mMTC system due to the short duration in time, yet the long mMTC transmissions with hundreds to thousands of repetitions do not hinder fast HARQ ACK/NACK feedback in the latency sensitive MBB system. The concept is somewhat similar to the NB-IoT UL, only that instead of protecting legacy SRS transmissions we allow the multiplexed numerology to switch duplex direction by leaving some samples at the end of a subframe undefined as conceptually illustrated in Figure 3.
Proposal 2: Different numerologies can coexist by defining gaps, e.g., undefined samples, in subframes with shorter subcarrier spacings during which the numerology with larger subcarrier spacing can switch its duplex direction. 
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Figure 3: Example of coexistence between numerologies within the same bandwidth
4 Conclusion

In this contribution, we discussed how different verticals can coexist within the same bandwidth both in the time domain and frequency domain. The following is proposed:
Proposal 1: Configuration of invalid subframes for forward compatibility is not required in NR

Proposal 2: Different numerologies can coexist by defining gaps, e.g., undefined samples, in subframes with shorter subcarrier spacings during which the numerology with larger subcarrier spacing can switch its duplex direction. 
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