3GPP TSG RAN WG1 Meeting #86bis	R1-1609145
Lisbon, Portugal 10th - 14th October 2016

Agenda Item:	8.1.2.2
Source: 	NEC
Title:	Discussion on numerology multiplexing for supporting different service requirements 
Document for:	Discussion/Decision
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, multiplexing different waveforms of different numerologies within the same NR carrier bandwidth (from the network perspective) is supported.  Further, it was agreed in RAN1#86 that specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective as below [2].
Agreements:
· A subframe duration is defined by the duration of x OFDM symbols given a reference numerology 
· With the same CP overhead, a single value of x is specified irrespective of the subcarrier spacing value chosen for the reference numerology
· This does not preclude multiple data transmission opportunities in time within a subframe duration
· This does not preclude multiple control transmission opportunities in time for both DL and UL within the subframe duration
· This does not preclude one data transmission to span over multiple subframe durations
· A UE has one reference numerology in a given NR carrier which defines subframe duration for the given NR carrier
· FFS: In a given NR carrier, whether different UEs may have different reference numerologies or may not
· Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective





















In this contribution, we provide our views on multiplexing different numerologies from the system as well as a UE perspective.  
  

Discussion
In LTE, an OFDM waveform based static numerology is applied across a carrier bandwidth. For LTE, the static numerology was selected aiming to fulfil MBB service and therefore additional enhancement or work needed to be done for other services such as NB-IoT. However, requirements imposed on the New RAT (NR) are much more diverse & versatile than that of LTE.  NR shall support different service types having very different service requirements [3].
One approach of supporting multiple service types on a given carrier from system perspective is to choose an optimum static or pre-defined numerology parameter set for each type of service considering current service requirements for each of these services. With this static approach, different numerologies are assigned to different sub bands of fixed sizes and locations.  However, such a static allocation may not be able to support the smooth introduction of future services or new use cases within existing services.
Another approach is to support configurable allocation of numerology parameter set matching with each of the multiplexed service type and 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. Furthermore, there may be 2 distinct ways to realize this approach:
· Semi-static configuration- i.e. slow change of configured waveform or waveforms to adapt to average measurement (for example, averaged services traffic volume), and
· Dynamic- i.e. fast change of waveform to adapt to instantaneous demand
Moreover, slow change of waveform or waveforms to adapt to average measurement may be realized where
· A waveform of a selected numerology is applied for the entire BW and last for a period of time i.e. all services using the same numerology at a time and then change to another waveform at a different time. 
· Multiple waveforms of different numerologies are frequency multiplexed to simultaneously serve different services, for example eMBB, mMTC, etc., where their subband bandwidth can change with time.

Proposal 1:  Support configuration of a waveform of a selected numerology that is optimum for one selected service applied for the entire carrier BW and last for a period of time.

Proposal 2:  Support configuration of multiple waveforms of different numerologies frequency multiplexed within the carrier BW to simultaneously and optimally serve different services.

Proposal 3:  Not to support dynamic configuration of multiple numerologies to support fast change of waveform to adapt to instantaneous demand.

In addition to multiplexing different numerologies within a same NR carrier bandwidth from the system perspective, it was agreed in RAN1#86 that specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective. It is observed that UE-specific numerology handling on subframe basis may need further study on resource block and subframe design strategies for seamless co-existence of UEs having different numerologies.

 Observation 1:  It is observed that UE-specific numerology handling on subframe basis may need further study on resource block and subframe design strategies for seamless co-existence of UEs having different numerologies.  
Conclusion
In summary, we considered multiplexing different numerologies from the system as well as a UE perspective. We observe and propose the following:

Proposal 1:  Support configuration of a waveform of a selected numerology that is optimum for one selected service applied for the entire carrier BW and last for a period of time.

[bookmark: _GoBack]Proposal 2:  Support configuration of multiple waveforms of different numerologies frequency multiplexed within the carrier BW to simultaneously and optimally serve different services.

Proposal 3:  Not to support dynamic configuration of multiple numerologies to support fast change of waveform to adapt to instantaneous demand.
Observation 1:  It is observed that UE-specific numerology handling on subframe basis may need further study on resource block and subframe design strategies for seamless co-existence of UEs having different numerologies.  
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