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1 Introduction
At the previous meeting (RAN1 #86), it is concluded that [1]: 
· NR design should allow potentially defining multiple CP lengths for a given subcarrier spacing in Phase I or later
· Multiple CP lengths do not mean the normal CP has 2 different CP lengths in the LTE

· It should be possible to deploy NR with 60 kHz subcarrier spacing in the channel with a delay spread that LTE can handle with the normal CP length as one use case

· Other subcarrier spacing solution can be considered with an equal priority in the further study

· More than one CP length should be studied for a given subcarrier spacing

· The different CP lengths for a given subcarrier spacing can be of substantially different lengths 

· For 60 kHz subcarrier spacing, at least one CP length can be similar to the normal CP length of 15 kHz corresponding to LTE numerology

· Other proposals are not precluded

Companies are encouraged to evaluate/investigate multiple CP lengths for different numerologies.

As 60 kHz has low latency, NCP and ECP with 60 kHz subcarrier spacing has been studied to support different applications (URLLC, High speed) or deployments. To efficiently support different applications or deployments in 38.913 [2], multiple CP types for 60 kHz should be in-depth discussed, this contribution mainly evaluates CP types for 60 kHz subcarrier spacing.
2 Discussion and Evaluation
The motivations of CP types for 60 kHz are summarized as the following:
· URLLC service

· High speed 
2.1 URLLC
URLLC is an important service introduced by NR and could be used in any of the deployment scenarios defined in [2]. URLLC is required to be supported with 1-10-5 reliability within 1ms, and larger subcarrier spacing is preferred with fast processing, shorter HARQ RTT and lower RS overhead as discussed in [3] and illustrated in Table 1. The latency in Table 1 is analysed in Appendix A. The RS pattern for RS overhead comparison example in Table 1 is based on the agreed WF for short TTI in RAN1#85 [4] [5] in Appendix B.
Table 1 Comparison of 15 kHz and 60 kHz and the subcarrier spacing selection steps for URLLC
	
	Numerology
	1ms latency
	Performance without RS overhead
	RS Overhead
	Supported number of UEs

	Case1
	60 kHz NCP (1.3/1.17us, 6.7%) with 7 symbols
	Shorter
	Better for short DS
	7.1-14.3%
	More

	Case2
	60 kHz ECP (4.17us, 20%) with 6 symbols
	Shorter
	Better for long DS
	11.1-16.7%
	More

	Case4
	15 kHz NCP (5.2/4.69us, 6.7%) with 2 symbols
	Yes
	Better for long DS
	25-50%
	Baseline

	Case5
	15 kHz NCP with 7 symbols
	Hard
	NA


With large subcarrier spacing and long delay spread, such as 60 kHz and TDL-C with 1000 ns desired DS, assuming the latency requirement can be satisfied, link level simulation is used to evaluate the performance of multiple CP types for URLLC service with BLER lower than 10-5. The detailed simulation assumption can be found in Appendix C. The BLER with whole MCS set at a given SNR is evaluated, and the highest throughput of the MCS with BLER less than 10-5 is illustrated in Figure 1. For one transmission, 60 kHz with ECP selects much higher MCS than 60 kHz NCP. For two transmissions, because of HARQ combine gain, 60 kHz with ECP only selects similar or 1~2 order higher MCS than NCP, but ECP provides lower total BLER and better performance than NCP.
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                    (a) One transmission                                            (b) Two transmissions

	Figure 1 URLLC performance with BLER lower than 10-5 


Proposal 1: For URLLC, 60 kHz with ECP should be supported for long delay spread scenarios.
2.2 High Speed 
The high speed deployment scenario focuses on continuous coverage along track in high speed train, the key characteristic of this scenario is consistent user experience with very high mobility. In this section, high speed with SFN and non-SFN model is evaluated with the subcarrier spacing of 15 kHz, 30 kHz and 60 kHz with multiple CP lengths. The SFN and non-SFN transmission model and evaluation assumptions for high speed has been agreed in RAN1#85 [6], detailed link level simulation assumption can be found in Appendix C. The performance of high speed with SFN and non-SFN model are evaluated at a fixed MCS, simulation results are illustrated in Figure 2. Form the results, it can be seen that larger subcarrier spacing with longer CP length outperforms others, as the high Doppler impact will disrupt the orthogonality and cause severe Inter-carrier-interference (ICI), for higher MCS and larger delay spread, longer CP length has obvious advantage.
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                            (a) Non-SFN model                                                (b)SFN model

	Figure 2 High speed performance with Non-SFN and SFN model


Proposal 2: For high speed with long delay spread, 60 kHz with ECP should be supported.
3 Conclusion
Proposal 1: For URLLC, 60 kHz with ECP should be supported for long delay spread scenarios.
Proposal 2: For high speed with long delay spread, 60 kHz with ECP should be supported.
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Appendix A. Latency analysis for URLLC
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	Latency
	15kHz with 2 symbols per TTI
	30kHz with 0.25ms TTI
	60kHz with 0.125ms TTI

	1
	1Tx
	2 TTI
	0.28
	0.5
	0.25

	2
	2Tx, n+0
	3 TTI
	0.43
	0.75
	0.375

	3
	2Tx, n+1
	4 TTI
	0.57
	1
	0.5

	4
	2Tx, n+2
	5 TTI
	0.72
	1.25
	0.625


Example 1: one TTI for frame align, queuing and scheduling, and one TTI for Tx for DL

[image: image7.png]DL

Latency, 3TTI

Y

frame align, &

queuing |

LD

1st Tx

Option 1: 1Tx, Scheduling timing n+0, HARQ timing n+0




[image: image8.png]DL

Latency,4TTI

frame align, &

queuing |

100

1st Tx

Option 2: 1Tx, Scheduling timing n+1, HARQ timing n+0




Example 2: one TTI for frame align, and one TTI for Tx for UL

	
	
	Latency
	15kHz with 2 symbols per TTI
	30kHz with 0.25ms TTI
	60kHz with 0.125ms TTI

	Scheduling timing n+0
	1Tx
	3 TTI
	0.43
	0.75
	0.375

	
	2Tx, n+0
	4 TTI
	0.57
	1
	0.5

	
	2Tx, n+1
	5 TTI
	0.72
	1.25
	0.625

	
	2Tx, n+2
	6 TTI
	0.86
	1.5
	0.75

	Scheduling timing n+1
	1Tx
	4 TTI
	0.57
	1
	0.5

	
	2Tx, n+0
	5 TTI
	0.72
	1.25
	0.625

	
	2Tx, n+1
	6 TTI
	0.86
	1.5
	0.75

	
	2Tx, n+2
	7 TTI
	1
	1.75
	0.875


Appendix B. RS pattern assumption for URLLC
RS pattern 1: 1 symbol as RS

This pattern is based on the agreement WF for short TTI in RAN1#85 [4]:

· For DM-RS of sPUSCH, the followings are recommended to be supported: 
· For the case of 1-slot TTI length, reuse the current DM-RS 
· For the case of less than 1-slot TTI length, support DM-RS sharing/multiplexing of consecutive TTIs from one or multiple UEs
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RS pattern 2: LTE PDSCH DMRS, port 7/8
Pattern 2 is based on the agreement WF for short TTI in RAN1#85[5]:
· For sPDSCH based on a CRS based transmission scheme the maximum number of supported layers is 4

· For sPDSCH based on a DM-RS based transmission scheme shall be down-selected among the following options

· the maximum number of supported layers is 2

· the maximum number of supported layers is 4
· the maximum number of supported layers is 8
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Table 2 RS overhead comparison example for URLLC based on the RS pattern assumption

	
	Numerology
	RS pattern 1

(1 symbol as RS)
	RS pattern 2
(LTE PDSCH DMRS, port 7/8,NCP)

	Case1
	60kHz NCP with 7 symbols 
	14.3%
	7.1%

	Case2
	60kHz ECP with 6 symbols 
	16.7%
	11.1%

	Case3
	15kHz NCP with 2 symbols 
	50%
	25%


Because the RS overhead of both 60 kHz with 7/6 symbols and 15 kHz with 2 symbols could be refined, there is no RS sharing/multiplexing/reduction assumption.
Appendix C. Link level simulation assumption
Table 3 Numerology configuration
	Parameters
	Set 1
	Set 2
	Set 3

	Subcarrier spacing (kHz)
	60
	60
	60

	OFDM symbols/0.25ms
	14
	12
	13

	CP length (usec) 
	(1.3, 1.17)
	4.17
	(2.53,2.86)

	CP overhead
	6.67%
	20%
	13.33%


Table 4 Parameters assumption for URLLC
	Assumptions
	Value

	Carrier frequency
	6GHz

	Packet Size
	8RB, 12 subcarrier per RB

	TTI length
	0.125ms

	Subcarrier spacing
	60kHz

	Symbols / TTI
	7(NCP)/6(ECP)

	Control&RS overhead
	0% 

	Tx mode
	1Tx2Rx 

	Coding 
	Turbo

	MCS
	28 MCS, QPSK to 64QAM, coding rates range[0.0782, 0.889]

	Channel Model
	TDL-C DS=1000ns in TR38.900

	UE speed
	15km/h

	Channel estimation
	Ideal

	BLER
	Lower than 10-5


Table 5 Parameters assumption for High Speed SFN and non-SFN
	Assumptions
	Value

	Carrier frequency
	4GHz

	Bandwidth
	20MHz

	Tx mode
	SIMO

	MCS
	{16QAM,2/3}

	channel model
	TDL in TR 38.900

	UE speed
	500km/h

	Channel estimation
	Ideal


