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1 Introduction
During RAN1#84bis [2], it was agreed to support multiple values of subcarrier spacing (e.g. numerologies) for NR. It was also agreed that multiple (but not necessarily all) OFDM numerologies can apply to the same frequency range.

During RAN1#85 [3], a baseline set of possible subcarrier spacing was chosen as a working assumption. In addition, for the definition of NR numerology, the following agreements were reached:
	Agreement: For the numerology with 15 kHz and larger subcarrier spacing ,1 msec alignment is supported


Furthermore, in RAN1 #85 two other agreements were reached that affect network configuration of NR:
	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

Agreements:

· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study

· multiple frequency/time portions using different numerologies share a synchronization signal

· Note: The synchronization signal refers to the signal itself and the time-frequency resource used to transmit the synchronization signal


The first agreement states that a carrier bandwidth can be used to simultaneously support different numerologies using either FDM or TDM. The second agreement shows how such support can be achieved.

From a UE’s point of view, a carrier’s use of multiple numerologies may be significant. Companion contribution R1-167328 [4] additionally discusses how a UE can operate in a carrier using multiple numerologies, independently of whether a UE can support multiple numerologies or not.

This contribution discusses same UE support for multiple numerologies, simultaneously.
2 Support for Multiple Numerologies in NR 
NR is being designed with built-in support for multiple service types: eMBB, URLLC and mMTC. These service types have different requirements that can best be served by different and optimized numerologies.  
For example, URLLC can benefit from having larger subcarrier spacing and thus shorter subframe duration in order to limit the latency. On the other hand, eMBB can benefit from having longer subframe duration in order to enable lower control channel overhead and lower Reference Signal (RS) overhead.
It was agreed in RAN1#85 [3] to support multiple numerologies in a single carrier bandwidth using either FDM or TDM. TDM may be intrinsically simpler given that most waveforms can be easily manipulated to ensure that there no inter-symbol interference across different numerologies. On the other hand, using FDM may require guard bands to limit inter-subcarrier interference from using different numerologies.
Nevertheless, at least some FDM is preferable in order to ensure access to different numerology regions without incurring undue delays. This is an important consideration to achieve the requirements of URLLC.
Observation 1:
Multiple services can be supported on a single carrier by multiplexing different numerologies.
In some cases only a subset of all TRPs of a carrier need to support a certain service (i.e. a certain numerology). For example, some deployments may take into consideration the specific needs of the UE population within a given area to determine an adequate segmentation (or partitioning) of the carrier’s bandwidth into different numerologies. Nevertheless, it can be preferable to have at least neighboring TRPs use the same carrier numerology segmentation. This can enable efficient inter-TRP interference coordination. For example, having TRPs share similar subframe length in the same frequency blocks can ensure that whatever interference cancellation is used at a TRP (or a UE of that TRP) is valid for an entire subframe. This can limit the complexity required in having to account for all possible numerology combinations of the interfering signal.

Observation 2:
Neighboring TRPs may multiplex numerologies in a similar fashion to enable effective inter-TRP interference coordination/cancellation.
2.1 UE Support of Single Service Type

A UE may not require servicing using multiple numerology, possibly depending on UE capabilities or supported services. For carriers that enables multiple services types by numerology multiplexing using TDM, single-numerology UEs could be configured with a subset of subframes where they can expect to receive or transmit a signal or channel.

For carriers where numerologies are multiplexed using FDM, all channels and signals intended for reception or transmission by a single-numerology UE can instead contained in one frequency region that uses the supported numerology. A RAN1 companion contribution [5] further discusses how control channels can be configured to enable a UE to operate in a portion of a carrier’s bandwidth by dynamic configuration of control channel regions. Such control channel regions can span a subset of the bandwidth of the carrier.

On the other hand, it may still be beneficial for a UE supporting a single service type to be able to access multiple numerologies. Let’s then assume a case where a TRP may be forced to segment its band into portions with different numerology for interference coordination reasons. To meet a UE’s needs or a certain efficiency level, the TRP may have to schedule a UE over resources spanning multiple numerologies. For example, an eMBB UE may require large amounts of resources to meet its throughput needs. However, a TRP may have reserved a large portion of its bandwidth for URLLC numerology. In such a case, it is beneficial to allow the UE to receive (or transmit) not only on the segment intended for eMBB, but also the segment intended for URLLC.
Observation 3:
A UE can be served with multiple numerologies simultaneously for a single service type, in particular if the TRP cannot adapt the numerology segmentation for that particular UE’s needs.
2.2 UE Support of Multiple Service Types

Some UEs may have a need to support multiple service types, possibly simultaneously.  For example, vehicular communications can be considered to comprise elements that fit in all three service types.  Critical inter-vehicle communications has requirements that are best served by URLLC, vehicle-to-infrastructure communications (e.g. for intelligent traffic handling) is best served by mMTC, and in-car entertainment can be served by eMBB.
In another example, wearables may communicate with each other using mMTC type connectivity, whereas a central node may communicate to a network using eMBB.

The above discussion shows that it is beneficial to support different services by using different numerologies, and it is beneficial to support multiple numerologies using FDM in order to achieve their requirements.  Furthermore, at least some UEs are required to have access to multiple service types.  Therefore it is a necessary conclusion that at least some UEs should be capable of using multiple numerologies simultaneously using FDM.
Proposal:
NR UEs can use multiple numerologies simultaneously e.g. to enable scheduling flexibility and to achieve different combinations of UE requirements.
2.3 Using Different Numerologies Simultaneously
A carrier may be segmented into two or more blocks of resources using different numerologies.  Such segmentation can split a carrier’s bandwidth into so-called numerology blocks. Depending on its needs or capabilities, a UE should be configured to operate on one or more numerology blocks. To enable such segmentation, the UE may be provided with an indication of the numerology block configuration either by semi-static configuration (e.g. RRC) or by dynamic signalling (e.g. DCI). Such decision is however in scope of RAN1’s discussions and further described in [4].
If that is the case, RAN2 would need to consider introducing proper support in MAC to handle transmissions using different block of resources. This is further discussed in contribution R2-165051 [6].

3 Conclusion

In this contribution, motivations to support transmission and/or reception on multiple numerologies simultaneously are discussed. The configuration of multiple numerologies on a given carrier is also discussed, together with related considerations on the UE behavior.

RAN2 should discuss the above and use the following observations and proposal as working assumptions for further work on system information delivery in the NR Study Item for R14:

Observation 1:
Multiple services can be supported on a single carrier by multiplexing different numerologies.
Observation 2:
Neighboring TRPs may multiplex numerologies in a similar fashion to enable effective inter-TRP interference coordination/cancellation.
Observation 3:
A UE can be served with multiple numerologies simultaneously for a single service type, in particular if the TRP cannot adapt the numerology segmentation for that particular UE’s needs.
Proposal:
NR UEs can use multiple numerologies simultaneously e.g. to enable scheduling flexibility and to achieve different combinations of UE requirements.
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