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1 Introduction

A new study item on New Radio (NR) Access Technology was approved [1]. For NR, three usage scenarios have been mainly considered; eMBB (enhanced Mobile Broadband), mMTC (massive Machine Type Communications) and URLLC (Ultra-Reliable and Low Latency Communications) [2].

Regarding numerologies, RAN1 agreed that NR numerology scalability should allow at least from [3.75 kHz] to 480 kHz subcarrier spacing and that specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective. Furthermore, the following were agreed for multiplexing numerologies.
	· Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective

· In one carrier when multiple numerologies are time domain multiplexed,

· RBs for different numerologies are located on a fixed grid relative to each other
· For subcarrier spacing of 2n * 15kHz, the RB grids are defined  as the subset/superset of the RB grid for subcarrier spacing of 15kHz in a nested manner in the frequency domain

· Note that following numbering in the figure is just an example
· FFS: frequency domain multiplexing case



This contribution considers numerology for URLLC, especially for multiplexing of eMBB and URLLC, where the numerology is focused on subcarrier spacing. 
2 Discussions 
Before discussion of numerology for URLLC, multiplexing issues are briefly provided. Then, how to use numerology for URLLC is considered, especially for the case of eMBB-URLLC multiplexing.
2.1 Background: multiplexing of eMBB and URLLC


In RAN1, how to multiplex eMBB, mMTC, and URLLC has been discussed in order to support together in an NR system. Among them, the following were agreed to support URLLC in NR.

	· At least the following potential options should be considered

· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB

· FDM and/or TDM manner

· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Dynamic resource sharing between URLLC and eMBB

· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective

· FFS: A similar or same mechanism applicability to UL

· Preemption or superposition
· Other schemes are not precluded 

· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission

· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Other mechanisms are not precluded


As described above, FDM and TDM have been considered for eMBB/URLLC multiplexing. It seems very simple for multiplexing, but scheduling restriction and additional delay should appear. For FDM as shown in Figure 1, where a part of bandwidth is configured or reserved for URLLC, the advantage is that this enables URLLC UEs to meet the latency requirement. On the contrary, the problem for this is that, when for some time duration the whole band is allocated to eMBB UEs, URLLC would have to wait for the next time duration. Another issue is that, if a part of bandwidth is reserved for URLLC but no URLLC service exists, the resource becomes wasted.
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Figure 1: Example of eMBB/mMTC/URLLC multiplexing in FDM manner

For TDM without puncturing support, once a gNB schedules whole or configured frequency resource for eMBB and mMTC, URLLC UEs need to wait for scheduling. This results in delayed URLLC transmissions and can fail to satisfy the latency requirement. If the frame structure is designed to meet the latency requirement of URLLC, there will be no issue for URLLC but this would reduce efficiency of eMBB transmissions. 

With the puncturing approach, URLLC is supported by using the resource already scheduled for eMBB. Figure 2 shows an example where a resource already scheduled for eMBB data is vacated and re-mapped for newly-arrived URLLC data. Differently from the above puncturing approaches, the resource sharing of URLLC and eMBB can be also considered. One possible scheme is to use superposition. Although eMBB and URLLC receivers can suffer from interference effects incurred by superposition transmission, they can overcome the effects by applying interference suppression techniques such as MMSE-IRC, symbol-level IC, interference aware detection, and so on. Additionally, the gNB can reduce the interference effects by controlling superposition parameters such as the number of superposed symbols, power ratio between superposed symbols, and so on. Another possible scheme for resource sharing is to use MU-MIMO that can enable efficient utilization of spatial domain. MIMO can provide a solution for URLLC and eMBB multiplexing, e.g., beamforming and MU-MIMO. In resource sharing approach, performance degradation due to interference needs to be carefully examined, especially for the ultra-reliability requirement of URLLC.
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Figure 2: Example of puncturing/superposition approaches for multiplexing eMBB and URLLC
2.2 Numerologies for URLLC
FDM/TDM

In FDM/TDM, it is already agreed that multiplexing numerologies are supported in TDM and/or FDM from a UE perspective. Therefore, when eMBB and URLLC are multiplexed in FDM or TDM manner, eMBB and URLLC naturally can be allowed to use different numerologies. In Figure 3, the example to use different numerologies for eMBB and URLLC is shown. 
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Figure 3: Example of different numerology usage for eMBB and URLLC in FDM case


When different numerologies are used, the interference from breaking orthogonality between different subcarrier spacing can be minimized in the eMBB-URLLC multiplexing with FDM/TDM. For FDM, if the mutual interference between subbands for eMBB and URLLC is concerned, some subcarriers can be used as guard-band. 
Proposal 1: For FDM and TDM, eMBB and URLLC transmissions are allowed to be done with different numerologies. 

Puncturing/Superposition

In this part, puncturing and superposition are considered for DL URLLC transmission. In [3], puncturing and superposition approaches for multiplexing are described in detail.
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Figure 4: Numerology usages for eMBB and URLLC in puncturing/sharing cases

In puncturing and superposition for eMBB-URLLC multiplexing, URLLC uses a part of resources already scheduled to an eMBB UE. Figure 4-(a) shows that eMBB and URLLC are being served with different numerologies. For superposition approach where the eMBB UE knows the existence of URLLC transmission, using the same numerology for both eMBB and URLLC is proper for superposition. Also for puncturing approach with the assumption that the eMBB UE knows when and where the URLLC transmission happens, e.g., by using URLLC indication, the same numerology for both URLLC and eMBB needs to be used. On contrary, for puncturing approach without the assumption of URLLC existence indication, the eMBB UE gets interference from URLLC regardless of numerology. Furthermore, URLLC can avoid interference from eMBB transmission by using some guard-subcarriers or guard-band. However, this impact of interference when the different numerology is used for URLLC puncturing approach can be seen with link-level evaluations. If the interference are not much different between the same numerology case and the different numerology case for eMBB and URLLC, the restriction to use the same numerology may not be needed.
Proposal 2: For superposition approach, URLLC should use the same subcarrier spacing as eMBB in the same frequency-time resource. 
Proposal 3: For puncturing approach, the usage of subcarrier spacing needs to be further studied for URLLC and eMBB. 
3 Conclusions
In this contribution, numerology for URLLC was discussed. It can be summarized as below.
Proposal 1: For FDM and TDM, eMBB and URLLC transmissions are allowed to be done with different numerologies.
Proposal 2: For superposition approach, URLLC should use the same subcarrier spacing as eMBB in the same frequency-time resource.
Proposal 3: For puncturing approach, the usage of subcarrier spacing needs to be further studied for URLLC and eMBB. 
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