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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. 
[bookmark: _GoBack]This contribution relates to the number of symbols in a slot in the case of extended CP length. The following agreements were made RAN1#86bis [3]:
Agreements:
· For SCS of up to 60kHz with NCP, y = 7 and 14
· FFS: whether/which to down select for certain SCS(s)
· For SCS of higher than 60kHz with NCP, y = 14

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

2	Discussion
Table 1 below provides an exemplary set of numerologies as a function of carrier frequency for non-MTC services. The time domain parameters such as symbol length and CP length are scaled down (compared to LTE) by parameter N, whereas subcarrier spacing are scaled up by parameter N.
Table 1 Example numerologies as a function of carrier frequency.
	
	< 6 GHz
	6-40 GHz

	Subcarrier spacing [kHz]
	15
	30
	60
	60
	120
	240

	Cyclic prefix [us]
	4.8
	2.4
	1.2
	1.2
	0.6
	0.3




Direct scaling from LTE numerology and 15 kHz subcarrier spacing to 60 kHz subcarrier spacing leads to shortened cyclic prefix length (CP length is 1.2us, as indicated in Table 1). If 60 kHz subcarrier spacing is wanted to be deployed in long delay spread channels, this normal CP (NCP) length may become too short and limiting the performance of data reception. 

Using an extended CP (ECP) the signal transmission can be made more robust to long channel delay spread, at the expense CP overhead. However, while extended CP would provide robustness against channel delay spread, additionally dense placement of DMRS symbols in frequency domain may be needed to ensure that channel estimation is not compromised due to too sparse channel measurement points in frequency. 

ECP options
Based on the previous agreements, the slot length in the case of normal CP can be either 7 or 14. From CP overhead point of view the most reasonable CP length options for would be the following:

Table 2 ECP options with y=7 and y=14
	NCP
	ECP

	
	Opt#1
	Opt#2

	y=7
	y=6
	y=6

	y=14
	y=12
	y=[12, 13]



In the following we consider the feasibility of these options in TDL-C-1000ns channel (worst case scenario from delay spread point of view) assuming 60 kHz subcarrier spacing. Figure 1 shows the power delay profile of TDL-C-1000ns channel and CP length with different options.
· NCP with CP length 1.17 us
· ECP with 13 symbols per slot (ECP13) with CP length 2.56 us
· ECP with 6 or 12 symbols per slot (ECP6, ECP12) with CP length 4.17us.
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Figure 1. Power delay profile of TDL-C-1000ns channel

Figure 2 illustrates the achievable SINR with 60 kHz SCS in TDL-C-1000ns channel taking into account the ICI due to excessive delay spread beyond CP. It has been analyzed according to [6]. It can be noted that SINR floor due to large delay spread starts to affect the achievable SINR at high SNR values (SNR >15 dB). This has an impact especially to URLLC performance at high SNR values as shown in [4]. 
When comparing ECP with 13 symbols/slot (ECP13) and ECP with 6 symbols/slot (ECP6), it can be noted that ECP13 does not support URLLC latency targets with 60 kHz SCS. Hence, it’s not a good option for URLLC. On the other hand, the SINR floor difference between ECP13 and NCP is only about 2.5 dB. This indicates that, even though ECP13 benefits from 0.35 dB processing gain compared to ECP6 (or ECP12), it can be seen just a partial solution for a limited SNR range for the scenarios with large delay spread (such as TDL-C-1000ns): when SINR>20 dB is required with 60 kHz SCS, then ECP6 (or ECP12) needs to be applied. 
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Figure 2. Achievable SINR with 60 kHz SCS in TDL-C-1000ns channel
In [5], we propose that slot duration for sub-carrier spacing of 60 kHz and below is always 7 symbols and longer transmission durations are achieved with slot aggregation. Following this logic, and based on the discussion above, the ECP slot duration can be defined in the following way (see also Table 3). This would be also inline with the previous agreement made in RAN1#86bis “Extended CP will be only one in given subcarrier spacing”.
Proposal #1: Slot duration for ECP for sub-carrier spacing of 60 kHz and below is always 6 symbols
Proposal #2: Slot duration for ECP for sub-carrier spacings > 60 kHz is 12 symbols

Table 3 Slot duration with normal and extended CP
	Subcarrier spacing [kHz]
	3.75
	7.5
	15
	30
	60
	120
	240
	480
	960

	Slot duration [symbols, NCP]
	7
	7
	7
	7
	7
	14
	14
	14
	14

	Slot duration [symbols, ECP]
	6
	6
	6
	6
	6
	12
	12
	12
	12



3	Conclusions
In this contribution the following proposals are made:
Proposal 1: Slot duration for ECP for sub-carrier spacing of 60 kHz and below is always 6 symbols
Proposal 2: Slot duration for ECP for sub-carrier spacings > 60 kHz is 12 symbols
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