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1 Introduction

At the last RAN1 #84bis meeting, the following was agreed for forward compatibility of the NR.
	· 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 show how forward compatibility and compatibility of different features can be achieved via the frame structure design. 
2 Forward compatible and low overhead frame structure 
In [1], we present our proposed frame structure design. In our view, a subframe can be similarly defined as in LTE with the exception that a unified design is adopted for paired and unpaired spectrum unlike the LTE design which defines frame structure types 1 and 2. In particular, the normal uplink and downlink subframe in LTE are simply considered special cases of the special subframe where the DwPTS and UpPTS regions extend across the entire subframe duration, respectively. Moreover, it is preferred to not refer to downlink and uplink in the subframe definition as those may not be well defined in some cases such as backhaul, fronthaul, relay, sidelink to name a few. Hence, in summary, an NR subframe comprises a Tx part, a Rx part, and a guard period all three of which can span between zero and the subframe duration in principle. For instance, in case of paired spectrum or for certain subframes in unpaired spectrum, the Tx part [Rx part] can span across the entire subframe thus recovering the downlink [uplink] subframes in LTE which are not considered special subframes. Consequently, instead of defining three subframe types—normal downlink, normal uplink, and special subframe—the former two are simply understood as a configuration of the latter thus yielding the postulated unified frame structure framework.
In addition, subframes serve as counting or timing reference in NR and thus allow mapping rules for common or dedicated channels and signals in both the uplink and downlink. For example, using LTE as an analogy, the PBCH is transmitted in subframe #0 of every radio frame and similarly, SSS are transmitted in subframe #0 and #5 of every radio frame. Some signals in LTE, however, are transmitted in all downlink subframes, namely, CRS. This is problematic in terms of forward compatibility as new features need to be designed in a backward-compatible manner rather than a clean-slate design. For example, the Rel. 13 NB-IoT feature can be deployed in a PRB of a legacy LTE cell which serves as donor cell for the NB-IoT system. The transmission bandwidth of NB-IoT is 180 kHz and thus fits into a legacy LTE PRB. When the NB-IoT system is deployed in a standalone fashion, e.g., in a re-farmed GSM channel, the NB-IoT signal and channel mapping can be done without any restrictions. In fact, as long as the NB-IoT system fulfills the GSM spectral mask, it is of no relevance if the waveform transmitted on the GSM carrier belongs to a GSM or an NB-IoT system. If, however, the same NB-IoT system is deployed in a PRB of a legacy LTE donor cell, NB-IoT waveforms have to take into account the legacy channels and signals that are transmitted in the donor PRB for backward compatibility. These include CRS as well as PCFICH, PHICH, and PDCCH. This unnecessarily complicates the NB-IoT design but more importantly results in significant performance loss due to the reduced number of available resource elements compared to a standalone NB-IoT deployment. 
For the new radio access technology, it is thus desirable to design the NR system in such a way that blank resources are configurable without legacy transmissions (signals and channels). For some features, such as NB-IoT or its next-generation evolution mMTC, all resources in a certain sub-band need to be blank whereas for other features, it suffices to leave some resources in a certain sub-band blank. For instance, in LTE Rel. 10, almost blank subframes (ABS) were introduced for enhanced inter-cell interference coordination (eICIC). These subframes were “almost” blank since PSS/SSS/PBCH/CRS transmissions were still present in these protected resources. Hence, in Rel. 11, further enhanced inter-cell interference coordination (FeICIC) techniques were necessary to handle the interference stemming from PSS/SSS/PBCH/CRS transmissions of macro eNBs and closed-subscriber group (CSG) Home-eNBs (HeNBs). This resulted in tremendous specification and implementation work. Hence, a frame structure design is required that can leave entire sub-bands or certain subframes within a sub-band unoccupied by any signals and channels. Such a frame structure design is depicted in Figure 1. Note that the depicted PDCCH, PUCCH, and data regions merely serve as an example here and the detailed design is explained in our companion contribution in [1].
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Figure 1: Forward compatible and low overhead frame structure for NR
In the example in Figure 1, blank resources are obtained by configuring (semi-statically or via L1/L2 signaling) subframes whose Tx part and Rx part are of zero length, i.e., the entire subframe duration is configured as gap. The forward compatibility can further be augmented by a forward compatible channel and reference signal design. 
In LTE, the presence of channels and signals is mainly governed by defining UE assumptions and UE behavior. For example, a UE can assume presence of CRS in all downlink subframes except when it is configured with discovery-signal-based RRM measurements for a secondary cell and the secondary cell is deactivated. Hence, for a secondary cell, CRS can be turned on and off by MAC control element signaling. Other reference signals, such as CSI-RS, can be turned on and off via RRC configuration and lastly, presence of DMRS can be indicated by L1 signaling, namely, in the DCI. 
Similar observations can be made for channels. A UE can assume presence of the PCFICH in all downlink subframes except when it is configured with discovery-signal-based RRM measurements for a secondary cell and the secondary cell is deactivated. Thus, similar to the case above, for a secondary cell, PCFICH can be turned on and off by MAC control element signaling. Presence of EPDCCH can be configured via a bitmap in the RRC protocol and the PDSCH is dynamically signaled via the associated DCI. 
Unfortunately, up to LTE Rel. 12, UE assumptions regarding CRS transmissions had not been defined in all cases. Consequently, forward compatibility was not ensured. For example, a UE is expected to monitor for the PDCCH during the active period of the DRX cycle. In order to receive the PDCCH after entering the active period, the UE must perform certain actions while still in the inactive period. For example, the UE needs to perform automatic gain control as well as time and frequency tracking. Hence, prior to entering the active period, the UE may begin to receive CRS in order to perform the aforementioned tasks. Since the UE behavior was not defined in Rel. 8, CRS has to be transmitted during the entire DRX cycle and features such as low overhead PCells cannot easily be introduced into LTE specifications. Undefined UE behavior thus is a prime example for how forward compatibility is not guaranteed in the specifications. 
Observation 1: Forward compatibility can be ensured by proper UE behavior and UE assumptions as well as configurability of signals and channels where possible

The presence of signals and channels, e.g., synchronization or discovery signals and physical channels for the transmission of system information, could even be configurable for UEs in RRC_IDLE mode. As long as the design of the synchronization or discovery signals allows for presence detection without loss of performance, the eNB can control the density of the signals depending on the traffic load which could help not only eNB energy saving but also overhead control. Another way to design synchronization or discovery signals and physical channels for the transmission of system information may include to transmit such signals/channels with a fixed amount of overhead to follow the simple design regime similar to the incumbent LTE system while sacrificing the flexibility such as eNB energy saving and overhead control depending on the scenarios [2]. 
At the last RAN1 #84bis meeting it was agreed to strive for confining signals and channels for physical layer functionalities within a configurable time/frequency resource. In order to guarantee satisfying performance at reasonable UE complexity, there ought to be a trade-off between maximizing the amount of time and frequency resources that can be flexibly utilized or left blanked versus the expected performance. Some examples include NR positioning reference signals and possibly NR synchronization signals. The positioning accuracy is dependent on the RSTD accuracy whose accuracy resolution is a function of occupied bandwidth. For the purpose of positioning, such NR positioning RS is desirable to occupy the entire system bandwidth to offer the best resolution of RSTD. 
Similarly, in LTE, after coarse time/frequency synchronization using PSS/SSS the UE relies on wideband CRS for fine time/frequency tracking. An NR design without CRS-like RS thus may require a different PSS/SSS design if we omit such type of RS. However, it needs further study up to how much bandwidth of tracking RS is needed where the entire occupation of the system bandwidth may not needed in terms of residual time/frequency error as long as the demodulation performances are not degraded. The PSS/SSS/PBCH design in LTE allows for scalable bandwidth with different bandwidth deployments and thus fulfills the requirement of maximizing the amount of time and frequency resources that can be flexibly utilized or left blanked. PSS/SSS and PBCH are confined within the center six PRBs. For larger system bandwidths, however, with larger FFT sizes and higher sampling rates, PSS/SSS do not suffice in LTE and the UEs must rely on wideband CRS with a minimum transmission bandwidth. Hence, some wideband signals may be necessary even in NR.
Observation 2: Some wideband signals may be necessary even in NR
3 Conclusion

This contribution discusses forward compatibility for NR. The following is observed:
Observation 1: Forward compatibility can be ensured by proper UE behavior and UE assumptions as well as configurability of signals and channels where possible

Observation 2: Some wideband signals may be necessary even in NR
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