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Introduction
In RAN1#85, the following agreements were achieved regarding numerology multiplexing for NR [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
· [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

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]This contribution discusses aspects related to UE supporting multiple numerologies for NR. 
Discussion
Multiple numerologies processing capability
When multiple numerologies are multiplexed in FDM manner, one issue is whether or not a UE can receive physical channels with different numerologies at the same time in a CA-like manner. If it does, multiple FFT processing units are needed as shown in Figure 1a. If it does not, FFT processing unit switching is needed to receive physical channels with different numerologies by TDM as shown in Figure 1b. Whether or not a UE can receive physical channels with different numerologies by FDM at the same time is subject to the UE capability for processing multiple numerologies simultaneously. In LTE, depending on the UE category, some UEs have multiple FFT processing units and are capable of receiving data from multiple carriers while other UEs are not capable. Similarly, NR gNB can configure a UE to operate on a mode with simultaneous reception of physical channels with different numerologies multiplexed by FDM or on a mode with reception of physical channels with only one numerology per time instance based on the UE multiple-numerology/CA capability.
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Figure 1a                                                                                   Figure 1b

Proposal 1: NR can configure different numerologies to a UE capable for simultaneous reception of physical channels with different numerologies multiplexed by FDM.


Multiple numerologies processing for UE with one FFT processing unit
For UEs that are not capable of receiving at the same time physical channels with different numerologies by FDM, in order to receive eMBB and URLLC services, there are two options. The first option is to transmit URLLC with one numerology (larger subcarrier spacing) to reduce latency and transmit eMBB with another numerology (normal subcarrier spacing). The second option is to transmit URLLC and eMBB using the same subcarrier spacing but with different number of OFDM symbols.
When there are multiple numerologies in one carrier by FDM, for the first option, some of the resource for eMBB PDSCH might be wasted as shown in Figure 2. For instance, when the UE has been scheduled eMBB PDSCH with one numerology (e.g., 15kHz subcarrier spacing and 1ms slot), the UE may be subsequently scheduled URLLC PDSCH with another numerology (e.g., 60kHz subcarrier spacing and 0.25ms length slot). As the UE has only one FFT processing unit, it may drop the eMBB PDSCH reception in order to receive the URLLC PDSCH. 


Figure 2

On the other hand, for the second option, such waste may not happen. For instance, when the UE has been scheduled eMBB PDSCH with one numerology (e.g. 15kHz subcarrier spacing and 1ms length slot) and the UE is subsequently scheduled URLLC PDSCH with the same subcarrier spacing but different slot length e.g., 0.25ms, if the eMBB PDSCH does not overlap with the URLLC PDSCH in the frequency domain, the UE can simultaneously receive eMBB PDSCH and URLLC PDSCH with one FFT processing unit as shown in Figure 3.

 
Figure 3
If the scheduled eMBB PDSCH overlaps with the scheduled URLLC PDSCH in frequency, the UE can receive URLLC PDSCH with higher priority and stop receiving eMBB PDSCH, as shown in Figure 4.


Figure 4
Proposal 2: NR uses the same sub-carrier spacing for eMBB and URLLC for a UE that is not capable of simultaneously receiving physical channels with different numerologies.


Summary 
In this contribution, the UE capability to process multiple numerologies for NR is discussed, and the followings are proposed.
Proposal 1: NR can configure different numerologies to a UE capable for simultaneous reception of physical channels with different numerologies multiplexed by FDM.
.
Proposal 2: NR uses the same sub-carrier spacing for eMBB and URLLC for a UE that is not capable of simultaneously receiving physical channels with different numerologies.
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