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1 Introduction
In RAN1#86 meeting, it is agreed that the specification support multiplexing different numerologies systems in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective [1]. 
In RAN1#86b, it is agreed that explicit signaling to NR UEs can indicate reserved resources for forward compatibility. The RB grid for TDM is also agreed as a working assumption to be adopted to FDM [2]. 

This paper discusses the method of the numerology determination of the different numerologies systems in a NR carrier to support the flexible different numerology systems deployment from the transmitter perspective and to the support power efficient different numerology systems identification from the receiver perspective.
2 Numerology configuration for frequency band
In NR system, different numerologies can be deployed in one frequency band to support different services, including eMBB, mMTC and URLLC, and to support different deployment scenarios, for example indoor hot spot deployment, dense urban deployment, rural deployment and etc. Blind detection of different numerologies is power wasting from the receiver point of view. To save the power consumption of the receiver, from the UE point of view a predefined numerology for a given frequency range can be specified. The carrier synchronization signal of one carrier in a given frequency range can be received by the predefined numerology. Detailed analysis can be referred to the companion contribution [3].
3 Frequency domain multiplexing of different numerologies
As mentioned above, in the NR system different numerologies can be deployed in one frequency band to support different services. As examples, the narrow band systems to support mMTC services can be multiplexed with wideband eMBB systems. The synchronization channel of the narrow band system needs to be located according to frequency raster. As described in Figure 1, the narrow bandwidth may not be integer number of PRB of the wide band system in consideration of different numerology for different system and potential diverse narrow band services. Thus appropriate deployment of the narrow band system should be considered to reduce number of fragment PRB of the wide band system as much as possible. In Figure 1, deployment of the narrow band system in PRB n+4 can reduce number of fragment PRB compared with the narrow band deployment across PRB n and PRB n+1.
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Figure 1. Example of in-band deployment of narrow band system
If different numerology systems are deployed in a nested manner in the frequency domain, the synchronization channel may not be located at the frequency raster. The UE would have to blind detecting the synchronization signals in all the range of frequency resources used for one numerology, which will result in high power consumption.  In this case, to optimise the UE power consumption, the frequency domain resource should be indicated by the system information of the predefined numerology to avoid the power wasting of the blind detection.
Proposal 1: Within one carrier, the frequency domain resources of different numerologies should be explicitly indicated.
4 Determination of numerology during the data transmission
For the numerology used during data transmission, the following aspects could be studied for a given UE:
· Determination: The numerology can be signalled by gNB considering on diverse services and diverse deployment scenarios. As analysed in [4]
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[5], to efficiently support diverse services, such as eMBB, URLLC and mMTC, within one NR carrier, different numerologies are selected for different services based on their different latency and reliability requirements [6]. To reduce UE complexity, for a UE, there is no need to support all the numerologies supported by NR, and several UE types can be defined based on the supported service(s). As evaluated in [7]
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[9],  to support the diverse deployment scenarios with different attributes defined by NR [6], such as carrier frequency, UE speed and channel delay spread, different numerologies may be needed to efficiently support different deployment scenarios. Furthermore, since one service can be supported with different deployment scenario, multiple numerologies should be considered for one service.
To efficiently support data transmission with flexibility, the numerology during data transmission can be indicated by gNB, and UE can determine the numerology for data transmission by receiving
· Common signalling, such as SIBx or RAR, which indicating numerology for data transmission for different UE type. In this approach, a set of UE type depended numerologies can be signalled.
·  UE specific signalling, such as Msg.4 or RRC signalling. When deployment scenario diversity is considered for one service, i.e., multiple numerologies are needed for one service to support diverse deployment scenarios, this approach is preferred with taking both UE’s supported service and deployment scenario into consideration with more flexibility but higher signalling overhead than using common signalling.
· Numerology adaptation: For a given UE, the numerology used for data transmission can be reconfigured / switched by a gNB semi-statically. 
·  For a given UE, gNB can indicate numerology switching semi-statically to the UE by signalling for a better performance when the following changes occur based on channel estimation or measurement:

· UE speed changes or operating carrier frequency changes. For different UE speeds in different carrier frequency, subcarrier spacing could be selected to minimize the impact of Doppler frequency spread and/or phase noise [7].
· Channel delay spread changes, or transmission mode changes, such as non-SFN to SFN. CP length could be selected to minimize the impact of delay spread [7]
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[9]. 
· Transmitted service changes, such as eMBB to URLLC. As analyzed above, different numerologies are selected for different services based on their latency and reliability requirements [6]. At previous meeting, it has been agreed that from network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by different sub-carrier spacing [2].
· Reciprocity for DL and UL
· Alt 1(The same): At least, the same numerology used for DL and UL data transmission should be supported. For TDD within one NR carrier, when the channel delay spread and Doppler shift are approximately the same, the selected numerologies for DL and UL data transmission are the same. Using the same numerology for downlink and uplink transmission may benefits the cross-link interference mitigation and cancellation schemes.
· Alt 2 (Configured independently): Furthermore, independent numerology configuration for DL and UL data transmission could be supported. For example, for FDD or DL and UL operated at different frequency carrier, the numerologies for DL and UL data transmission could be indicating independently.
Proposal 2: Semi-static numerology adaptation of the data channel is supported.
5 Conclusion
Proposal 1: Within one carrier, the frequency domain resources of different numerologies should be explicitly indicated.
Proposal 2: Semi-static numerology adaptation of the data channel is supported.
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