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Introduction
The objective of this document is to highlight an issue regarding the Cyclic-Prefix (CP) length in discussions on waveform and time-domain frame format for NR.
During the RAN1#86, it was agreed that the physical layer waveform below 40 GHz would be based on CP-OFDM. It was also agreed that the frame structure would satisfy the following:
· A subframe duration is defined by the duration of x OFDM symbols given a reference numerology
· Subframe
· Assume x=14 in the reference numerology for subframe definition (for normal CP)
· FFS: y=x and/or y=x/2 and/or y is signaled
· Slot
· Slot of duration y OFDM symbols in the numerology used for transmission
· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)
· The structure allows for ctrl at the beginning only
· The structure allows for ctrl at the end only
· The structure allows for ctrl at the end and at the beginning
· Other structure is not precluded
· One possible scheduling unit
· Mini-slot
· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission
· May contain ctrl at the beginning and/or ctrl at the end
· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)
Also, in the email discussion on the time domain frame structure for NR [86-19], a shorter symbol duration is discussed (e.g. 0.5 ms for a subcarrier spacing (SCS) = 30 kHz with no. of symbols per TX = 14). 
However, the CP lengths which currently appear in the use cases discussion for time structure in NR are not consistent with assumptions of CP length made in the waveform agreements. In the present contribution, we focus on this issue using considering delay spread values from 3GPP channel models as reference. 

Discussion
The use of SCS which is larger than that currently used in LTE-Advanced is a central topic of the use cases discussion on the time domain structure for NR. Table 1 shows the CP length calculated for each SCS and the corresponding number of OFDM symbols per slot from email discussion [86-19]. The CP length mentioned here is assumed to be equal for all symbols in a slot/subframe. As can be seen from this table, in many use cases, the CP length is shorter than that currently used in LTE-Advanced. 
Table 1: CP length calculated by SCS and number of OFDM symbols per slot
	Sub-carrier spacing
	Nominal symbol duration (including normal CP) (µs)
	Nominal normal CP duration (Note 1) (µs)
	Duration of 28 symbols (µs)
	Duration of 14 symbols (µs)
	Duration of 7 symbols (µs)
	Duration of 4 symbols (µs)
	Duration of 2 symbols (µs)

	15kHz
	71.43
	4.76
	2000
	1000
	500
	285.71
	142.86

	30kHz
	35.71
	2.38
	1000
	500
	250
	142.86
	71.43

	60kHz
	17.86
	1.19
	500
	250
	125
	71.43
	35.71

	120kHz
	8.93
	0.60
	250
	125
	62.5
	35.71
	17.86

	240kHz
	4.46
	0.30
	125
	62.5
	31.25
	17.86
	8.93

	480kHz
	2.23
	0.15
	62.5
	31.25
	15.625
	8.93
	4.46



However, in the agreements on the waveform for NR, there is no assumption about the possibility for the CP length to be shorter than the current default value of LTE-Advanced. Consequently, the CP lengths which currently appear in the use cases discussion for time structure in NR are not consistent with assumptions of CP length the NR waveform agreements are based on.
Observation 1: The CP length considered in the use case discussion for time structure in NR is shorter than that considered in the NR waveform agreements.
On the other hand, several Tapped Delay Line (TDL) channel models were defined for the evaluation of the NR system, namely TDL-A, TDL-B, TDL-C, etc., to evaluate a variety of use cases. For example, the TDL-C model is as shown in Table 2 [1]. In Table 2, the RMS normalized delay and the signal power of each tap are described. And also, a scaling factor for each scenario was defined, as shown in Table 3 [1]. By utilizing these table’s parameters, the scaled cluster delays can be obtained according to the following equation: 
, 
in which  is the normalized delay value of the nth cluster in a CDL or a TDL model,  is the new delay value (in nsec) of the nth cluster and  is the wanted delay spread (in nsec). 
According to table 2, the normalized delay extends gradually to reflect dense urban or urban macro scenarios, including one of the rural scenarios. In the cases of short CP lengths, for example, the CP length , this  length is smaller than some scaled delays calculated by table 2 and 3. That is, we can say that the scaled delays defined in 3GPP channel models are larger than the CP length currently considered in NR discussion. 


Table 2: TDL-C
	Tap
	Normalized delay
	Power

	#
	
	dB

	1
	0
	-4.4

	2
	0.2099
	-1.2

	3
	0.2219
	-3.5

	4
	0.2329
	-5.2

	5
	0.2176
	-2.5

	6
	0.6366
	0

	7
	0.6448
	-2.2

	8
	0.6560
	-3.9

	9
	0.6584
	-7.4

	10
	0.7935
	-7.1

	11
	0.8213
	-10.7

	12
	0.9336
	-11.1

	13
	1.2285
	-5.1

	14
	1.3083
	-6.8

	15
	2.1704
	-8.7

	16
	2.7105
	-13.2

	17
	4.2589
	-13.9

	18
	4.6003
	-13.9

	19
	5.4902
	-15.8

	20
	5.6077
	-17.1

	21
	6.3065
	-16

	22
	6.6374
	-15.7

	23
	7.0427
	-21.6

	24
	8.6523
	-22.8



Table 3: Scenario specific scaling factors -- for information only
	Proposed Scaling Factor 
([ns])
	Frequency [GHz]

	
	2 GHz
	6
	15
	28
	39
	60
	70

	Indoor office
	Short-delay profile
	
	28.4 
	22.5 
	19.1 
	17.4 
	15.5 
	14.9 

	
	Normal-delay profile
	29
	44.1 
	33 
	26.8 
	24 
	20.7 
	19.6 

	
	Long-delay profile
	50
	63.6 
	53 
	46.4 
	43.2 
	39.3 
	38 

	UMi 
Street-canyon
	Short-delay profile
	
	42.8 
	36.2 
	32.2 
	30.2 
	27.7 
	26.9 

	
	Normal-delay profile
	102
	87.6 
	73.6
	65 
	60.8 
	55.6 
	53.9 

	
	Long-delay profile
	281
	306.8 
	305.5 
	304.5 
	304 
	303.3 
	303.1 

	UMa
	Short-delay profile
	
	12.7 
	11.6 
	10.9 
	10.6 
	10.2 
	10 

	
	Normal-delay profile
	380
	364.1 
	302.1 
	265.9 
	248.6 
	227.6 
	220.6 

	
	Long-delay profile
	1156
	1149.4 
	953.4 
	839.4 
	784.6 
	718.6 
	696.3 



Observation 2: The scaled delays defined in 3GPP channel models are larger than the CP length currently considered in the use cases discussion for time structure in NR.
To support eMBB and URLLC with the agreed frame structure, we have to take into account the impact on performance from inter-symbol interference in urban macro scenarios because the CP length is smaller than the scaled delays of channel. Therefore, a waveform which is tolerant against delay spread values which are larger than the CP length should be studied.
Conclusion
In this contribution, we presented an issue regarding the Cyclic-Prefix length in discussions on waveform and time-domain frame format for NR
From the above discussion, we make the following observations and proposal.
Observation 1: The CP length considered in the use case discussion for time structure in NR is shorter than that considered in the NR waveform agreements.
Observation 2: The scaled delays defined in 3GPP channel models are larger than the CP length currently considered in the use cases discussion for time structure in NR.
Proposal: We propose that a waveform which is tolerant against delay spread values which are larger than the CP length should be studied.
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