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1 Introduction

In RAN#84bis [1] an agreement regarding forward compatibility was reached as follows
	Agreements:
· 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


Forward compatibility is one of the design principles for NR. However, more details on forward compatibility need to be clarified. In this contribution, we present our consideration on forward compatibility for various reference signals and control information/channel. 
2 Reference signals
2.1 Reference signal categorization  
The functionalities of reference signals can be categorized as following:
· Cell identification 
· Coarse time/frequency synchronization

· RRM measurements

· Fine time/frequency synchronization 

· Control channel demodulation

· Data channel demodulation

· CSI measurement

2.2 Forward compatibility consideration on the reference signals
In LTE system, cell identification and coarse time/frequency synchronization is provided by PSS and SSS. In NR, such functions should also be provided. Since the PSS/SSS in LTE is fixed in the central RBs of the bandwidth, a UE can identify the central frequency once the synchronization signal is detected. For NR, it is worthwhile to consider allowing the synchronization signal to be present in frequency locations other than the central RBs of a carrier. Such a design provides flexibility of multiplexing different numerologies in a same carrier and makes it easier for operators to accommodate future services. The synchronization signal in NR still needs to be transmitted on a frequency raster in order to reduce the UE cell search complexity. After detection of the synchronization signal, the UE needs to know the position of the carrier centre frequency relative to the position of the synchronization signal within the carrier. Such information can be provided to the UE via system information, e.g. MIB. 
Proposal 1: The reference signal for cell identification and coarse time/frequency synchronization in NR is not in a fixed frequency location within a carrier.
Both CRS and CSI-RS can be used for RRM measurements LTE. In NR, reference signal for RRM measurement shall also be supported. In contrast to the wideband CRS and CSI-RS in LTE, reference signal for RRM measurement in NR shall be confined to a certain time/frequency resource for considerations such as forward compatibility, interference reduction, and energy saving. For RRM measurement during initial access, a UE needs to know apriori the time/frequency location of the corresponding reference signal. Therefore, a minimum bandwidth shall be defined for the reference signal for RRM measurement in NR. The time/frequency location of the reference signal for RRM measurement may be derived implicitly based on the reference signal for cell identification and coarse time/frequency synchronization.

Proposal 2: A minimum bandwidth shall be defined for the reference signal for RRM measurement in NR. Consider to derive the time/frequency location of the reference signal for RRM measurement based on the reference signal for cell identification and coarse time/frequency synchronization.
Fine time/frequency synchronization is necessary to ensure control/data channel demodulation performance. It needs to be further studied whether fine time/frequency synchronization can be fulfilled using reference signals different than LTE CRS, e.g. reference signals for RRM measurement and/or control/data channel demodulation reference signal. For control/data channel demodulation, it is preferable that the corresponding reference signal is within the control/data channel frequency region, i.e. similar to the UE specific reference signal design in LTE. Reference signal for CSI measurement in both DL and UL should also be supported in NR. Since only RRC_CONNECTED UE needs to provide CSI measurement, the time/frequency resource for the CSI measurement reference signal can be flexibly configured to the UE.

Another important forward compatibility aspect for reference signal design in NR is that reference signals for different links (e.g. downlink, uplink, sidelink, backhaul link) shall be considered jointly. For a system where different links are present in the same carrier, interference cancellation among the different links can be exploited to improve the system performance. In such a case, orthogonal reference signals among the different link is beneficial. In addition, interference cancellation is also helpful for dynamic DL/UL resource allocation in NR, where cross-link interference among neighbouring cells may exist. As to all the discussed reference signals, the confined reference signals can be frequency multiplexed in different PRBs.
Proposal 3: NR shall support orthogonal reference signals among different links (such as downlink, uplink, sidelink, backhaul link).
3 Control information and channel
The control information is transmitted through control channels. Both common control channel and UE specific control channel are supported in LTE. Common control channel is used to deliver control information to all or a group of UEs in a cell, while UE specific control channel is used to deliver control information to a specific UE. 

In LTE, PDCCH occupies the carrier bandwidth, while EPDCCH/MPDCCH can be transmitted in a configurable set of PRBs. The time/frequency resource for control channels in NR shall be configurable. If a UE needs to know the time/frequency resource for a control channel during initial access (i.e. before entering the RRC_CONNECTED state), an initial (or default) control channel may be signalled to the UE, e.g. in MIB or SIB. After the UE establishes a connection to the network, the time/frequency resource for control channel may be reconfigured for the UE. Such a design is similar to eMTC and NB-IoT.
It is also worthwhile to consider control channel interference cancellation in a carrier with different links (e.g. downlink, uplink, sidelink, backhaul link). Delivering of necessary information to assist control channel interference cancellation shall be studied further. 
4 Conclusions 
In this contribution, we provide our consideration on reference signal and control channel/information for forward compatibility in NR. The following proposals are provided:
Proposal 1: The reference signal for cell identification and coarse time/frequency synchronization in NR is not in a fixed frequency location within a carrier.
Proposal 2: A minimum bandwidth shall be defined for the reference signal for RRM measurement in NR. Consider to derive the time/frequency location of the reference signal for RRM measurement based on the reference signal for cell identification and coarse time/frequency synchronization.
Proposal 3: NR shall support orthogonal reference signals among different links (such as downlink, uplink, sidelink, backhaul link).
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