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1. Introduction

In RAN1#87, the followings were agreed regarding extended CP. 
	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


In RAN1#87, various ECP options were discussed considering alignment with other numerologies. This contribution presents evaluation results on different ECP options and discusses trade-offs between different options. 
2. Discussion
2.1. ECP Options
As discussed, possible use cases for extended CP includes URLLC (60 kHz) and high speed scenarios. When 60 kHz ECP is used, one use case is to multiplex eMBB and URLLC services in the same carrier. Some of ECP options are as follows. 
(1) 60 kHz ECP is aligned with 15 kHz NCP at each symbol boundary of 15 kHz NCP

(2) 60 kHz ECP is aligned with 15 kHz NCP at every two symbols of 15 kHz NCP

(3) 60 kHz ECP is aligned with 15 kHz ECP of LTE 

The overall CP for each option is summarized in Table 1. 
Table 1. CP length of different option
	Options
	CP length

	(1) 3 60 kHz ECP in every 15 kHz NCP symbol
	~ 7.20us

	(2) 7 60 kHz ECP in every two 15 kHz NCP symbols
	~ 3.76us

	(3) 6 60 kHz ECP in every 0.125msec
	~ 4.17us

	(4) 15 kHz NCP
	~ 5.21us (1st symbol),

~ 4.69us (2nd to 7th symbol)


As shown in the table, the CP length for second option would be smaller compared to (3) or 15 kHz NCP. Whereas the first option shows the largest CP and the largest overhead. 
The first or second option brings potential benefit when 60 kHz ECP and 15/30 kHz NCP multiplexing are considered. However, when 60 kHz ECP is used alone for slot-based scheduling, it leads that each slot would have different slot length due to uneven CP lengths. Furthermore, it is challenging to design ECP for 30 kHz, particularly with second option which can be aligned well with 15 kHz NCP. Whereas the first option can still allow 30 kHz ECP and 15 kHz NCP alignment at every 2 OFDM symbols of 15 kHz NCP. Furthermore, alignment between 60 kHz NCP and 60 kHz ECP would be done at 15 kHz NCP OFDM symbols if first or second option is used. Another drawback with second approach is that 30 kHz ECP may not be aligned with 15 kHz NCP at subframe level, which is not aligned with the agreement. Thus, if second option is adopted, it may not be scaled to 30 kHz subcarrier spacing. 
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Figure 1. Illustration of OFDM symbols with different options
Given the flexibility and scalability, and also CP length provided by each option, our preference is to adopt either (1) or (3). Given that multiplexing between URLLC and eMBB is the important use case, alignment between 60 kHz ECP and 30 kHz NCP at every 2 OS or 60 kHz ECP and 15 kHz NCP at every symbol seems to lead potential benefits. 
Proposal 1: Down-select between (1) and (3) where (1) is to have three OFDM symbols of 60 kHz ECP in every one 15 kHz NCP OFDM symbol and (3) is to have 6 OFDM symbols of 60 kHz ECP in every 0.125msec. 
2.2. Evaluations
The parameters for evaluations are illustrated in Table 2. All simulation results in this subsection follow parameters in Table 1 unless otherwise stated.
Table 2. Parameters for evaluation of ECP options

	Parameters
	Value

	Carrier frequency
	4GHz

	Subcarrier spacing
	60kHz

	Channel model
	TDL-C

	Channel delay spread (speed)
	1000ns (3km/h)

	Bandwidth for data transmission
	7.2MHz

	Link adaptation
	Fixed rank and fixed precoding

AMC with ideal feedback

	Antenna configuration
	4TX-2RX (Rank1, Rank2)

	Channel estimation
	Perfect channel estimation

	Overhead of control channel and reference signal
	2 OFDM symbols
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Figure 2. Spectral efficiency of different ECP options

In Figure 2, we can observe performance gap between option 1, option 2 and option 3. Option 1 has longer CP length compare to option 2 and option 3. So, the performance loss is caused by this longer CP length in environment robust to interference such as Rank 1. And, Option 2 has about 3.6% spectral efficiency gain compare to option 3 in high SNR range. This means that more OFDM symbols, i.e. lower CP overhead, can improve spectral efficiency in Rank 1. 

However, when the impact of interference is severe such as Rank 2, this longer CP length helps to mitigate the ISI from large delay spread channel. As in Figure 2, Option 1 has 11.1% spectral efficiency gain and option 3 has 1.8% spectral efficiency gain compare to option 2 at 26dB SNR.
3. Conclusions

In this contribution, we discussed about different ECP options and trade-offs between these options. Also, we present some evaluation results on these ECP options. The proposal is as follows:
Proposal 1: Down-select between (1) and (3) where (1) is to have three OFDM symbols of 60 kHz ECP in every one 15 kHz NCP OFDM symbol and (3) is to have 6 OFDM symbols of 60 kHz ECP in every 0.125msec. 
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