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Introduction
Forward compatibility is one of primary considerations in the design of NR systems. In the last RAN1#85 meeting, it was agreed that NR will support multiplexing different numerologies within a confined frequency range with the purpose of more efficient provision of NR verticals and future services [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



However, from our understanding the meaning of ‘NR carrier bandwidth’ is ambiguous, i.e., whether it means a NR carrier or a certain block of spectrum is unclear. In this contribution, by assuming the latter which allows a broader scope, we discuss several options to enable numerology multiplexing within a same block of spectrum.

Discussion
Two approaches can be considered for numerology multiplexing within the same frequency resource block. One is multiple carrier-based approach and the other is a single carrier-based approach, which we discuss here one by one.

Numerology multiplexing based on multiple NR carriers
As the first option, multiple numerologies can be supported by employing multiple carriers within a certain block of spectrum. If a UE needs multiple numerologies at the same time, carrier aggregation (CA) can be configured to the UE. Fig. 1 illustrates the multiplexing of two different numerologies based on two carriers. There are 3 UEs, i.e., UE A, UE B, and UE C and it is assumed that UE A and UE B is dedicated to Numerology 1 and Numerology 2, respectively, and UE C needs both of them. In this case, UE A can be served by Carrier 1 using Numerology 1, UE B can be served by Carrier 2 using Numerology 2, and UE C can be served by aggregation of Carrier 1 and 2. Carrier 1 and 2 can have either different system bandwidths as in Fig. 1(a) or the same bandwidth as in Fig. 1(b). Here, the sharing of the same frequency block by multiple carriers is a different thing from the legacy ordinary CA scenario though the LTE specification would not prevent such a use case. In the shared resource, signals from multiple carriers can be multiplexed by TDM, FDM, etc.



[bookmark: _Ref458349632]Fig. 1. Numerology multiplexing based on multiple carriers
The multiple carrier-based approach may reduce the specification workload since a NR carrier has only to support a single numerology. However, it would impose some restrictions in the flexible use of spectrum. Once a carrier supporting a single numerology is deployed, it is difficult to change its numerology and occupied frequency resources unless there is no UE in its coverage area. From UE perspective, change or addition of the desired service type may be accompanied with handover or SCell addition/activation which causes long delay and large signaling overhead. UE capability is another issue. UE should be capable of CA to support multiple numerologies simultaneously, which may be too much in the case where the numerologies are multiplexed within a same block of spectrum. There would also be potential restriction on the TDM operation between numerologies if there are UEs connected to only one carrier. Note that even the LTE supports TDM multiplexing of multiple numerologies, i.e., 15 kHz subcarrier spacing for unicast and 7.5 kHz subcarrier spacing for MBMS, in the same carrier.
Observation 1: Numerology multiplexing based on multiple NR carriers offers less flexibility and may unnecessarily increase the UE complexity.

Numerology multiplexing within one NR carrier
The second option is to support multiple numerologies in one NR carrier, i.e., mixed numerology. Comparing with the multi-carrier based approach, the mixed numerology provides larger flexibility in the spectrum usage and support of diverse services at the cost of potential increase of specification and implementation complexity. In the mixed numerology case, numerology types need to be defined for clarity of discussion. The following definitions are one example:
System perspective:
· Base numerology: determines the system bandwidth, provides initial access in standalone mode and/or anchoring, i.e., synchronization, RRM measurement, essential system information reception, etc.
· Sub-numerology: other than base numerology
UE perspective:
· Primary numerology: numerology which is obtained during the initial access procedure, used for anchoring, or configured as primary numerology by NR NB
· Secondary numerology: other than primary numerology
Based on such a classification of numerologies, two different types of NR carrier can be considered under the mixed numerology context.

Type 1 NR carrier
In the first NR carrier type, base numerology serves by default as an anchor numerology of the carrier and one or more sub-numerologies can be configured on top of it like as add-on components. For example, LTE carrier supporting both unicast and MBMS would fall into this category since the MBSFN region cannot solely provide the MBMS service to UEs. Fig. 2 is an illustration of Type 1 NR carrier under the same UE assumptions as in Fig. 1. Carrier 1 supports the mixed numerology and uses Numerology 1 and Numerology 2 as the base numerology and a sub-numerology, respectively. Therefore, UEs supporting Numerology 1 can only be served by Carrier 1. That is, UE A and UE C can be served by Carrier 1 using Numerology 1 as their primary numerology and UE C is additionally configured with Numerology 2 as a secondary numerology. In contrast, UE B cannot be served by Carrier 1 since it supports Numerology 2 only.



[bookmark: _Ref458349677]Fig. 2. Type 1 NR carrier
Type 2 NR carrier
The main difference of the second NR carrier type from the previous one is that each numerology region can solely operate as a ‘self-carrier’. That is, sub-numerologies as well as base numerology may have a standalone resource structure and can provide initial access and/or anchoring. Fig. 3 shows examples of Type 2 NR carrier operation under the same UE assumptions, where all the three UEs are served by Carrier 1. UE A and UE B uses Numerology 1 and Numerology 2, respectively, as the primary numerology and UE C can use any of the two as the primary numerology.



[bookmark: _Ref458349710]Fig. 3. Type 2 NR carrier
Whether Type 1 or Type 2 is suitable for the NR carrier design may be related to how the NR UE capability is defined. For example, if normal UEs supporting eMBB and URLLC support a common set of numerologies and FFT operations for a certain frequency region, then Type 1 NR carrier may be sufficient. In our companion contribution, issues in the NR carrier design are discussed by taking the two carrier types into account [2].
Proposal 1: NR supports multiplexing multiple numerologies within one NR carrier. Type 1 and Type 2 NR carriers are further studied.

Conclusion
In this contribution, we discussed several options to enable numerology multiplexing within a same block of spectrum for NR. Our observations and proposals include:
Observation 1: Numerology multiplexing based on multiple NR carriers offers less flexibility and may unnecessarily increase the UE complexity.
Proposal 1: NR supports multiplexing multiple numerologies within one NR carrier. Type 1 and Type 2 NR carriers are further studied.
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