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1 Introduction

In the previous RAN1#86bis meeting, there were agreements on the extended CP as follows [1]:
	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 about URLLC numerologies considering the extended CP and some link-level simulation results are presented.
2 Discussion
2.1 Simulation Assumptions

In the previous RAN1#86 meeting, the simulation assumptions of link-level simulation for URLLC are agreed [2]. Based on these agreed simulation assumptions, Table 1 illustrates the parameters for simulation. 
Table 1. Parameters for simulation
	Attributes
	Values or assumptions

	Carrier frequency
	4GHz

	Modulation and coding rate
	64QAM, 1/3, 1/2, 2/3

	User bandwidth
	4.32MHz

	Numerology
	15kHz normal CP
	60kHz normal CP
	60kHz extended CP

	PHY packet size
	90, 135, 180 byte
	72, 108, 144 byte
	72, 108, 144 byte

	OFDM symbols per TTI
	3
	7
	6

	OFDM symbols for data
	1
	5
	4

	TTI length
	0.2146ms
	0.1250ms

	SINR range
	12, 16, 18, 20, 22, 26 dB

	Channel model
	TDL-C, 100ns & 1000ns delay spread is assumed, 3km/h

	BS antenna configuration
	1Tx

	UE antenna elements
	2Rx

	Channel estimation
	Ideal


2.2 Simulation Results

The simulation results are shown in Table 2 and Table 3.
Table 2. Simulation results @100ns delay spread channel model

	Numerology
	Modulation
	Coding Rate
	SNR (dB)
	Reliability (%)
	Spectral efficiency (bps/Hz)
	Succeeded
	Failed
	Total

	15kHz NCP
	64QAM
	1/3
	18
	99.9970
	0.6213
	499985
	15
	500000

	60kHz NCP
	64QAM
	1/3
	18
	99.9976
	1.3333
	499988
	12
	500000

	60kHz ECP
	64QAM
	1/3
	18
	99.9966
	1.0666
	499983
	17
	500000

	15kHz NCP
	64QAM
	1/2
	22
	99.9968
	0.9319
	499984
	16
	500000

	60kHz NCP
	64QAM
	1/2
	22
	99.9982
	2.0000
	499991
	9
	500000

	60kHz ECP
	64QAM
	1/2
	22
	99.9972
	1.6000
	499986
	14
	500000

	15kHz NCP
	64QAM
	2/3
	26
	99.9970
	1.2426
	499985
	15
	500000

	60kHz NCP
	64QAM
	2/3
	26
	99.9994
	2.6667
	499997
	3
	500000

	60kHz ECP
	64QAM
	2/3
	26
	99.9974
	2.1333
	499987
	13
	500000


Table 3. Simulation results @1000ns delay spread channel model

	Numerology
	Modulation
	Coding Rate
	SNR (dB)
	Reliability (%)
	Spectral efficiency (bps/Hz)
	Succeeded
	Failed
	Total

	15kHz NCP
	64QAM
	1/3
	12
	99.9942
	0.6213
	499971
	29
	500000

	60kHz NCP
	64QAM
	1/3
	12
	99.8720
	1.3316
	499360
	640
	500000

	60kHz ECP
	64QAM
	1/3
	12
	99.9980
	1.0667
	499990
	10
	500000

	15kHz NCP
	64QAM
	1/2
	16
	99.9956
	0.9319
	499978
	22
	500000

	60kHz NCP
	64QAM
	1/2
	16
	98.8964
	1.9779
	494482
	5518
	500000

	60kHz ECP
	64QAM
	1/2
	16
	99.9978
	1.6000
	499989
	11
	500000

	15kHz NCP
	64QAM
	2/3
	20
	99.9990
	1.2426
	499995
	5
	500000

	60kHz NCP
	64QAM
	2/3
	20
	90.8098
	2.4216
	454049
	45951
	500000

	60kHz ECP
	64QAM
	2/3
	20
	99.9724
	2.1327
	499862
	138
	500000


From Table 2 and Table 3, we can observe that 15kHz normal CP(NCP) numerology has lower spectral efficiency than the others. 15kHz NCP should use small number OFDM symbols to reduce TTI duration. And this constraint causes increase of control channel and reference signal overhead. Overheads of control channel and reference signal for each numerology are shown in Table 4.
Table 4. Overhead of control channel and reference signal
	15kHz NCP
	60kHz NCP
	60kHz ECP

	66.67%
	28.57%
	33.33%


Observation 1: 15kHz numerology has lower spectral efficiency than 60kHz numerology because of large overhead for control channel and reference signal.
Table 3 shows reliability performance of each numerology in very long delay spread(1000ns) channel. From Table 3, we can observe that 60kHz extended CP(ECP) numerology has higher reliability performance than 60kHz NCP numerology. Based on these results, we can consider ECP to obtain better reliability performance for URLLC in some scenarios(e.g. very long delay spread channel). 
Observation 2: 60kHz extended CP numerology has higher reliability performance than 60kHz normal CP numerology in very long delay spread(1000ns) channel.

Proposal 1: 60kHz extended CP numerology can be considered for URLLC in some scenarios(e.g. very long delay spread channel) to obtain better reliability performance than 60kHz normal CP numerology.
3 Conclusion
In this contribution, we discussed about URLLC numerologies considering the extended CP and some link-level simulation results are presented. The observations and proposals are as follows:
Observation 1: 15kHz numerology has lower spectral efficiency than 60kHz numerology because of large overhead for control channel and reference signal.
Observation 2: 60kHz extended CP numerology has higher reliability performance than 60kHz normal CP numerology in very long delay spread(1000ns) channel.

Proposal 1: 60kHz extended CP numerology can be considered for URLLC in some scenarios(e.g. very long delay spread channel) to obtain better reliability performance than 60kHz normal CP numerology.
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