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Introduction
In RAN1#85, the following agreements were made [1]:
Agreements:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs
· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported
· FDM and/or TDM multiplexing can be considered











According to the above agreement, multiple numerologies, associated with OFDM based waveforms and/or non-OFDM waveforms, could be simultaneously present in a given component carrier.  In this contribution, we discuss the options for supporting multiple waveforms/numerologies from a system perspective.   

Discussion
In LTE, an OFDM waveform based unified static numerology is applied across a carrier bandwidth. The static numerology was chosen to balance the LTE service requirements and channel characteristics. However, requirements imposed on the New RAT (NR) are much more diverse than that of LTE.  NR shall support different service types having very different service requirements as shown below [2] [3]: 

Table 1 NR service types and service requirements
	Type of service
	Service requirements

	Enhanced Mobile Broadband (eMBB)
	· Low latency (user plane latency of 4 ms)
· Higher spectral efficiency/throughput (Peak data rates of 20Gbps for DL and 10Gbps for UL)

	massive Machine Type Communications (mMTC)
	· Improved link budget (99.9% coverage [3])
· Low device complexity
· Long device battery life (low energy consumption)
· Support high density device deployment (1 000 000 device/km2 in urban environment)
· Small data packets and rates (typically 1-100 kbps[3])
· Small bandwidth (e.g., 200kHz, 1MHz or 5MHz, etc.) to enable massive MTC devices.

	Ultra-Reliable Low Latency Communications (URLLC)
	· High reliability (1-10-5 within 1ms)
· Low latency(user plane latency for DL and UL of 0.5ms)



One approach of supporting multiple service types on a given carrier is to choose an optimum static waveform and/or numerology for each type of service considering current service requirements for each of these services. However, such a static allocation may not be able to meet future customer demands as new use cases within existing services or new services altogether are constantly being introduced.  

Another approach is to support semi-static allocation of waveform and/or numerology parameter matching with each of the multiplexed service type. In this case, provisioning of one or more parameter sets for future services will be required. However, it may be challenging to design optimum parameters to be used for future services. Moreover, the most appropriate waveform/numerology not only depends on the service type, but also on the environment in which the service is deployed. For example, traffic pattern and/or user distribution could be dependent on the time and location of the service. This dynamic nature may require for a more adaptive method for supporting multiple waveforms, OFDM based or non-OFDM based, and associated numerologies on a given carrier. 

 
Proposal 1:  Further consider static, semi-static and adaptive allocation of multiple waveforms and/or numerologies on a given carrier.
Conclusion
In summary:
Proposal 1:  Further consider static, semi-static and adaptive allocation of multiple waveforms and/or numerologies on a given carrier.
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