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Introduction
In RAN1#85, the following agreements were achieved regarding numerology multiplexing for 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
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported
· FDM and/or TDM multiplexing can be considered
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Agreements:
· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study
· [bookmark: OLE_LINK9]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
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

This contribution discusses aspects related to multiplexing different numerologies in FDM manner for supporting FDM multiplexing of URLLC and eMBB. 

FDM of Multiple Numerologies in a Same NR Carrier
As discussed in our companion contribution [1], UE may or may not be able to receive multiple numerology subbands in a same NR carrier depending on the UE capability. The companion contribution [1] outlines two different FDM methods – either CA based or FDM within an NR carrier in high-level. This contribution focuses on the potential enhancements related to those UEs who can receive multiple numerology subbands in a same NR carrier. 
For an NR carrier, a UE is configured to utilize a certain numerology for receiving essential SI, physical channels for random access, paging. When these signals are repeated in time, the time-frequency resources for these signal reception will also be repeated in time. The numerology used for these signal reception may be called as a reference numerology, and the corresponding slots/subframes may be called an anchor slots/subframes. When the gNB supports multiple numerologies that are different from the reference numerology, the network can configure these numerologies either in a UE-specific or a cell-specific manner. When different numerologies are mainly used for supporting different verticals, e.g., wider subcarrier spacing for URLLC and narrower subcarrier spacing for eMBB, it may make more sense to allow UE-specific configuration of numerology (or numerologies). The control signalling related to this UE-specific numerology configuration can be transmitted in anchor slots/subframes, for which the reference numerology is used. 
For eMBB and URLLC multiplexing, a preferred option is TDM as illustrated in Figure 1, for which URLLC can puncture or can be superimposed on on-going eMBB traffics. For this option, a UE configured with URLLC can receive signals with wide-subcarrier spacing numerology, and a UE configured with eMBB can receive signals with narrow-subcarrier spacing numerology. The TDM approach is not likely to degrade eMBB throughput much as long as URLLC traffic is light, regardless of the existence of any eMBB protecting mechanism. 


Figure 1 TDM multiplexing of URLLC and eMBB
However, there are certain potential problems if only TDM is supported for URLLC and eMBB multiplexing in NR. 
An issue is associated with a case where there is moderate to heavy traffic of URLLC in the system. In this case, the puncturing/superposition may happen too frequently on the ongoing eMBB traffics, and eMBB throughput degradation may be severe, even if an eMBB protection mechanism is introduced for this TDM case in NR. One way to resolve this potential problem is to partition the system BW into multiple subbands, where each subband is configured with a specific numerology (e.g., subcarrier spacing), as illustrated in Figure 2. Then, gNB may schedule only eMBB in one subband configured with narrow subcarrier spacing, so that eMBB is fully protected from occasional puncturing/superposition due to URLLC. In addition, the gNB may utilize the TDM mechanism between the URLLC and eMBB within another subband configured with wide subcarrier spacing. For this FDM operation, it seems necessary for gNB to be able to configure the subbands with subband-specific numerologies, whose configuration can be conveyed during the anchor slots/subframes. The rate of subband changes does not need to be very high, but as it changes PHY signals, UE should be able to quickly figure out the changes. Hence, L1 signaling will be preferred for these configurations to RRC signaling. Through the signaling, gNB can flexibly choose/adapt the BWs of the subbands depending on the traffic rates of URLLC.
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Figure 2. FDM multiplexing of two numerologies
Conclusion
This contribution has reviewed aspects related to multiplexing different numerologies for supporting FDM multiplexing of URLLC and eMBB in a same NR carrier and made the following proposals.
[bookmark: _GoBack]Proposals
· Time frequency resources (anchor slots/subframes) with a reference numerology recurs periodically. 
· L1 signalling indicates numerology-specific time-frequency resources in non-anchor slots/subframes.
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