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1 Introduction

In RAN1#86bis, the following were agreed for multiplexing eMBB and URLLC in DL [1]:

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, in RAN1#87, the following were agreed [2]:
Agreements:
· Possible use cases for the extended CP include
· Multiplexing of eMBB and URLLC deployed below 6 GHz
· SCS for eMBB 15(NCP)/30/60kHz, SCS for URLLC = 60 kHz
· Transmission of URLLC with 60 kHz SCS

· High speed scenarios for 30kHz and 60kHz
· Support extended CP at least for 60 kHz SCS
· UE support for ECP may depend on UE type/capability
· FFS how to configure UE using different CP overhead
· FFS the length of ECP
· FFS extended CP for other scenarios/numerologies
Whether or not to support ECP for 60 kHz SCS was discussed in NR Ad-Hoc meeting but there was no consensus [3]. This document will provide performance comparison of NCP and ECP for 60 kHz SCS.
2 Performance Comparison
In this section, we discuss evaluation assumptions and provide BLER and SE (Spectral Efficiency) performance results over TDL-C channel model with 300 ns and 1000 ns RMS delay spread.
Evaluation assumptions
Following two cases are taken into account:

· NCP for 60 kHz: scaling down from LTE NCP (1.18 us, CP overhead = 6.67%)
· ECP for 60 kHz: scaling down from LTE ECP (4.17 us, CP overhead = 20%)
Both an ideal PA model without spectrum shaping and a non-ideal PA model with spectrum shaping (filtering) for DL [4] are considered at transmitter side only. Evaluation parameters are given in Appendix.

Evaluation results
Fig. 1 shows SE performance of NCP and ECP where dotted lines are showing the results from an ideal PA model and solid lines are showing the results from a non-ideal model. It is observed that filtering effect does not give much impact to SE performance irrespective of channel environment. It is also observed that NCP provides better SE performance than ECP because NCP uses more number of REs than ECP. However, in case of 64-QAM over 1000 ns RMS delay spread, ECP provides much better SE performance than NCP. This is because 64-QAM is more sensitive to delay spread than QPSK and 16-QAM. 
Observation 1: With the assumption of a channel environment with 300 ns RMS delay spread, NCP provides better SE performance than ECP.

Observation 2: With the assumptions of a channel environment with 1000 ns RMS delay spread and 64-QAM, ECP provides better SE performance than NCP.
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(a) 300 ns RMS delay spread                                       (b) 1000 ns RMS delay spread
Figure 1: SE performance over TDL-C

[image: image3.emf]   [image: image4.emf]
(a) 300 ns RMS delay spread                                       (b) 1000 ns RMS delay spread

Figure 2: BLER performance over TDL-C
Fig. 2 shows BLER performance of NCP and ECP where dotted lines are showing the results from an ideal PA model and solid lines are showing the results from a non-ideal model. As observed in Fig. 1, it is also shown from Fig. 2 that filtering effect does not give much impact to BLER performance irrespective of channel environment. It is observed from Fig. 2(a) that NCP and ECP have similar performance when 300 ns RMS delay spread is considered. However, for 1000 ns RMS delay spread, ECP provides better BLER performance than NCP and performance gap between NCP and ECP increases as modulation order increases. This is because 64-QAM is more sensitive to large delay spread than QPSK and 16-QAM.

Observation 3: With the assumption of a channel environment with 300 ns RMS delay spread, NCP and ECP have similar BLER performance.

Observation 4: With the assumption of a channel environment with 1000 ns RMS delay spread, ECP provides better BLER performance than NCP.

3 Conclusion

This contribution has provided evaluation results of NCP and ECP for 60 kHz SCS. Our observations are proposals are the following:

Observation 1: With the assumption of a channel environment with 300 ns RMS delay spread, NCP provides better SE performance than ECP.

Observation 2: With the assumptions of a channel environment with 1000 ns RMS delay spread and 64-QAM, ECP provides better SE performance than NCP.

Observation 3: With the assumption of a channel environment with 300 ns RMS delay spread, NCP and ECP have similar BLER performance.

Observation 4: With the assumption of a channel environment with 1000 ns RMS delay spread, ECP provides better BLER performance than NCP.

Based on the above observations, the following is proposed:

Proposal: ECP for 60 kHz is necessary to support high order modulation, e.g., 64 QAM in a channel environment with 1000 ns RMS delay spread.
· ECP for 60 kHz is scaled down from LTE ECP
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Appendix
Table 1: Evaluation parameters

	Parameters
	NCP
	ECP

	Channel bandwidth
	10 MHz (13 RBs)

	FFT size
	256

	Modulation
	QPSK 1/2, 16QAM 1/2, 64QAM 1/2

	TB size [bits]
	8736 / 17472 / 26208
	7488 / 14976 / 22464

	No. of symbols per slot
	14
	12

	Channel estimation
	Perfect channel estimation

	Channel coding
	Turbo Coding: Iteration No. = 8 and Max. log MAP

	Waveform
	CP-OFDM

	Antenna configuration
	1 Tx – 1 Rx

	Channel model
	TDL-C with 300 ns/1000 ns RMS delay spread, 3 km/h Mobility

	PA output power [4]
	46 dBm (11.6 dB output back-off)

	Filter length
	128 tap FIR EquiRipple filter
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