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1 Introduction

In the previous RAN1 WG meetings, the dynamic multiplexing of services with different reliability and latency requirements, e.g. eMBB and URLLC, was agreed:
Agreements:

· From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by  

· Using the same sub-carrier spacing with the same CP overhead

· FFS: different CP overhead

· Using different sub-carrier spacing 

· FFS: CP overhead

· NR supports both approaches by specification

· NR should support dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL
Additionally, an extended CP type for a given numerology was agreed to be supported:
Agreements:

· From Phase 1, physical layer design should support an extended CP

· Extended CP will be only one in given subcarrier spacing

· FFS: Exact for the services/scenarios for extended CP
In this contribution, we discuss the FFS points regarding the usage of same or different CP overhead in case when different service types are multiplexed.
2 Multiplexing of Different Numerologies and CP from System Perspective
As it is discussed in our companion contribution [1], the URLLC transmission may require a mini-slot length of less than 7 NCP symbols in 60 kHz SCS, e.g. 4 symbols in order to meet the URLLC requirements in spectrum efficient manner. If 4 symbols of 60 kHz exploit extended CP, then there will be no symbol boundary alignment within a 15 kHz slot of 7 symbols. Since URLLC transmission is likely to be relatively wideband and needs to be dynamically multiplexed in TDM with eMBB, such multiplexing with unaligned symbols boundaries will lead to inefficient spectrum usage as it is shown in Figure 1. The gaps due to unaligned boundaries may still be minimized by filling them with another ECP symbols that however may not be useful in some URLLC scenarios due to increased transmission latency.
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Figure 1. Dynamic TDM multiplexing of eMBB and URLLC with different numerologies and CP types.
It can be seen, that TDM multiplexing of different CP overheads for slots and mini-slots introduces noticeable overhead due to unaligned symbol boundaries. However, since the problem of different cell sizes and delay spreads is still actual  for 60 kHz SCS, the longer CP may still be applied for URLLC by using smaller subcarrier spacing (e.g. 30kHz) and smaller number of NCP symbols in a mini-slot as it is discussed in our companion contribution [1]. Please also refer to the analysis of ISI power for different SCS values and CP types as provided in Appendix.
Observation 1

· Dynamic TDM of different CP overheads may lead to gaps in transmission.
· The use of different CP overheads within a slot of the reference numerology does not seem justified.
Proposal 1

· Further study the need of multiplexing different CP overheads within a slot of the reference numerology to provide URLLC services.
Additionally, there is an FFS whether different CP overhead is used for eMBB and URLLC in case of the same subcarrier spacing. In our view, there is almost no motivation to configure larger SCS than eMBB due to the following:

· URLLC has lower coverage comparing to eMBB thus the typical delay spread may be shorter for URLLC.

· eMBB is likely to operate at smaller SCS, e.g. 15 kHz which are already robust to even very long delay spread.
· As it was discussed for the case of different CP overheads, the dynamic TDM of different CP overheads within a slot will introduce unnecessary gaps which will further decrease spectrum efficiency.
Taking into account the above considerations, we have the following observation:
Observation 2
· From network perspective, there is no benefits in using larger CP for URLLC in case of the same SCS.

Proposal 2

· For the same numerology, single CP type is used at least for the case of FDM between eMBB and URLLC.
3 Multiplexing of Different Numerologies and CP from UE Perspective

The agreement made at the last meeting does not cover the issue of multiplexing from the single UE perspective. We note, that mandating a UE to be able to process different CPs and/or different numerologies during a symbol duration may imply unnecessarily complexity due to the need to perform multiple FFTs and filtering.
Therefore, the TDM of eMBB and URLLC services may simplify the UE implementation. However, we note that there are cases when such multiplexing may be beneficial. For example, a UE may still need to monitor DL control channel in one numerology and a shared channel in another numerology which are FDMed. Additionally, the complexity of processing of different numerologies with the same CP type may be lower due to symbol alignment comparing to the processing of different CP types. Taking this into account, we have the following proposals:
Proposal 3

· A UE is not mandated to process eMBB and URLLC with different CP types in FDM manner.
4 Conclusions

In this contribution we discussed the FFS aspects regarding the multiplexing of eMBB and URLLC in different numerologies and different CP types. Based on discussion and analysis, we have the following observations and proposals:
Observation 1

· Dynamic TDM of different CP overheads may lead to gaps in transmission.
· The use of different CP overheads within a slot of the reference numerology does not seem justified.
Observation 2
· From network perspective, there is no benefits in using larger CP for URLLC in case of the same SCS.

Proposal 1

· Further study the need of multiplexing different CP overheads within a slot of the reference numerology to provide URLLC services.
Proposal 2

· For the same numerology, single CP type is used at least for the case of FDM between eMBB and URLLC.
Proposal 3

· A UE is not mandated to process eMBB and URLLC with different CP types in FDM manner.
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Appendix – Inter-symbol Interference Analysis
In this section, we plot the inter-symbol interference for the case of 60 kHz sub-carrier spacing and different CP types: normal and extended. The signal-to-interference ratio for TDL-A/B/C channels and difference delay spreads is illustrated. If there is no channel taps outside of a CP, the SIR is not shown (mainly for short delay spreads and extended CPs).
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	Figure 2. Self ISI for different delay spreads.
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