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1
Introduction
In the recently approved NR SID [1], forward compatibility has been highlighted as an essential criteria to enable phased introduction of new features: 
The new RAT shall be inherently forward compatible

· It is assumed that the normative specification would occur in two phases: Phase I (to be completed in June 2018) and Phase II (to be completed in December 2019)

· Phase I specification of the new RAT must be forward compatible (in terms of efficient co-cell/site/carrier operation) with Phase II specification and beyond, and backward compatibility to LTE is not required
· Phase II specification of the new RAT builds on the foundation of Phase I specification, and meets all the set requirements for the new RAT. 

· Smooth future evolution beyond Phase II needs to be ensured to support later advanced features and to enable support of service requirements identified later than Phase II specification.
The importance of forward compatibility is related to which features will be defined in which phase of the NR specification. As different operators have different priority/timeline in NR feature roll-out, forward compatibility would allow subsets of features to be introduced based on the timing of market maturity without jeopardizing the outlook of other features. In this contribution, we discuss the scope and specific features of forward compatibility.
2
Discussion
The notion of forward compatibility is closely related to the well-known “backward compatibility” concept, which could be defined as following: 

Backward compatibility is a network characteristic of a new feature, where legacy UE performance degrades gracefully in proportion to the resources consumed by the new feature on the same carrier. 

Observation 1: Backward compatibility could only be ensured when the legacy UE behaviour is well defined.
Forward compatibility could be similarly define as following:
Forward compatibility is a network characteristic of an overall air-interface, where current UE performance degrades gracefully in proportion to the resources consumed by the introduction of new features on the same carrier. 

There are two key components that are indispensable in a forward compatible design: defining current UE behaviour; defining new feature characteristics. NR forward compatibility would only be a vague idea unless both of these components are thoroughly examined during the study item phase.

Observation 2: Forward compatibility requires a clear definition of current UE behaviour (e.g., phase 1) and future feature characteristics (e.g., phase 2).

3 
UE Behaviour

Forward compatible UE behaviour is defined by how UE deals with unknown waveforms inserted into the air interface. UE behaviour could usually analyzed in different RRC states. In the IDLE state, UEs camping on a network would require some periodic over the air signals from the network side for paging and initial access procedures. A forward compatible design would minimize the footprint of such waveforms to allow the introduction of new features. 
Proposal 1: Waveforms for initial access and paging should have limited time/frequency footprint.
After accessing the network, UE behaviour is determined by each mobility and data transactions. Multiplexing of future services could benefit from self-contained mobility/data transactions. If a transaction has prolonged timeline implication, it is likely to impact the opportunities of TDM’ing new services/features. As an example, following self-contained DL and UL data transactions would finish the DL/UL data transfer within 1 subframe. This would allow the introduction of new features without worrying about control/data signalling related to on-going HARQ processes.
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Figure 1 Self-contained data transactions
Proposal 2: Self-contained data and mobility transactions are highly desirable, such that UE activity during a transaction is limited to confined time/frequency footprint.
It is well know from 3G/4G, periodic signals plays an important role in improving spectral efficiency, robustness and UE battery consumption. E.g, LTE UE performance benefits greatly from time/frequency averaging of continuous transmission of CRS. In order to balance the future compatibility and performance KPIs, the air interface should provide the capability of flexible configuration of such signals.

Proposal 3: Persistent signals such as CRS should be configurable based on different use cases.
4 
Feature Characteristics

In order to characterize the co-existence property of future features, it is necessary to define the property of each potential feature with a set of metrics. In the following table, an example list of such metrics is given.
	
	eMBB -DL
	eMBB -UL
	eMBB -SL
	mMTC-static
	mMTC-mobile
	URLLC-static
	URLLC-mobile
	…

	Synchronous
	…
	
	
	
	
	
	
	

	Centralized/ Distributed
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Proposal 4: Identify the characteristics for each feature/services for forward compatibility analysis

Once such characterization is completed, forward compatibility signalling (semi-static or dynamic reservation) of blank resources could be defined to allow existing UEs to seamlessly multiplex with unknown services. On envisioned example of multiplexing of services is shown in Figure 2.
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Figure 2 Resource mapping framework with forward compatibility
Proposal 5: Forward compatibility signalling of blank time/frequency resources should be defined for the introduction of unknown features
3
Conclusions 
In this contribution, we discuss more details on the forward compatibility requirements for NR. Based on the analysis, following proposals are made:
Proposal 1: Waveforms for initial access and paging should have limited time/frequency footprint.

Proposal 2: Self-contained data and mobility transactions are highly desirable, such that UE activity during a transaction is limited to confined time/frequency footprint.

Proposal 3: Persistent signals such as CRS should be configurable based on different use cases.

Proposal 4: Identify the characteristics for each feature/services for forward compatibility analysis

Proposal 5: Forward compatibility signalling of blank time/frequency resources should be defined for the introduction of unknown features
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