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1. Introduction 
In RAN Plenary #71, a new SI, Study on New Radio Access Technology, was approved [1]. In the NR standardization, a phasing approach is considered, and forward compatibility is required between Phase I and Phase II as below. 

4.1
Objective of SI or Core part WI or Testing part WI

(2) 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.
In this contribution, we discuss potential options for multiple numerology settings for the support of forward compatibility taking into account various use cases. 

2. Relationship among numerology, use cases, and forward compatibility 
The NR should support diverse applications and various use cases, such as eMBB, mMTC, and URLLC [2][3]. When the phasing approach is taking into account, some of those use cases will be covered by the Phase II specification. For example, Phase 1 is focused on eMBB, and then the remaining mMTC and URLLC use cases are intended to be covered by Phase II. In [4], it is observed that values of numerology parameters (e.g. subcarrier spacing) should be frequency-, environment-, and/or use-case-dependent to cover various use cases and scenarios in the NR. Among these, the dependency of numerology on use case will be a key factor for the forward compatibility with smooth future evolution, and the NR needs to ensure support multiple values of numerology parameters in Phase II. To ensure the support, RAN1 should study the multiple values of numerology parameters from Phase I. 
Observation 1: NR needs to ensure support of multiple values of numerology parameters for forward compatibility in order to support various use cases. 
3. Discussion on potential options of multiple numerology setting in NR 
To ensure the support of the multiple values of numerology parameters, two options can be considered in the NR from the viewpoint of multiplexing of the multiple numerology parameters as follows. 
Option (i): Only a single value of numerology parameter can be used for each component carrier (CC).
Option (ii): Multiple values of numerology parameter can be used for each CC. 
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	Option (i): Only a single value of numerology parameter can be used for each CC.
	Option (ii): Multiple values of numerology parameter can be used for each CC.

	Figure 1. Potential options of numerology setting.


From the viewpoint of the number of CCs, Option (i) may need more CCs to cover multiple use cases and their corresponding numerology parameters. Then, the required number of CCs may be increased in Phase II. On the other hand, Option (ii) can realize flexible numerology setting for each CC, and therefore it may require only a single CC even when covering multiple values of numerology parameter. 
Observation 2: When only a single value of numerology parameter can be used for each CC, a large number of CCs may be required to cover multiple use cases. 

Observation 3: When multiple values of numerology parameter can be supported within each CC, a single CC can cover multiple use cases by flexible numerology setting. 

Table I summarizes the pros and cons of options (i) and (ii). It can be seen that Option (ii) may need more standardisation effort than Option (i) to realize the flexible numerology setting. In addition, it is noted that Option (ii) can contain Option (i) as a subset. However, the potential performance and flexibility benefits of Option (ii) are worth the standardisation effort required. Hence we make the following proposal:
Proposal 1: RAN1 should study the support of multiple values of numerology parameters within a CC in order to support forward compatibility and flexible numerology setting in the NR SI. 
Table I. Comparison of potential options of numerology setting. 
	
	Pros
	Cons

	Option (i) Only a single value of numerology parameter can be used for each CC.
	* Less standardisation effort may be required when using a single value of numerology parameter for each CC. 
	* Multiple CCs may be necessary to cover multiple values of numerology parameter. 

	Option (ii) Multiple values of numerology parameter can be used for each CC.
	* Single CC can cover multiple values of numerology parameter. 
* Option (ii) can contain Option (i) as a subset. 
	* Additional protocols may need to be specified for flexible numerology setting for each CC. 


4. Conclusion

This contribution discussed the potential scenario of multiple numerology configurations in the NR. Through the discussion, the following observations have been made: 
Observation 1: NR needs to ensure support of multiple values of numerology parameters for forward compatibility in order to support various use cases.
Observation 2: When only a single value of numerology parameter can be used for each CC, a large number of CCs may be required to cover multiple use cases.
Observation 3: When multiple values of numerology parameter can be supported within each CC, a single CC can cover multiple use cases by flexible numerology setting. 
Then, we make the following proposal for the NR SI. 

Proposal 1: RAN1 should study the support of multiple values of numerology parameters within a CC in order to support forward compatibility and flexible numerology setting in the NR SI. 
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