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1
Introduction
An objective of the NR study item [1] is to identify and develop technology components needed for 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].
In this contribution we investigate the link level performance of ECP numerology with 60 kHz subcarrier spacing, in the NR scenario with a large delay spread. The following agreements were made in RAN1#86:
Agreements:
· 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 have 2 different CP lengths in the LTE

· It should be possible to deploy NR with 60 kHz subcarrier spacing in the channel that have the same 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
· Note: FFS whether all of subcarrier spacings support more than one CP length or not

· Note: FFS whether supporting more than one CP length for a given subcarrier spacing is mandatory or optional for a given UE

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. 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. On the following, we investigate this issue with link level simulations for 60 kHz subcarrier spacing with normal and extended CP and with different DMRS patterns. We conduct this measurement for a large set of MCS values and different DMRS setups. Detailed simulation assumptions as well as the placement of DMRS symbols in one PRB in different cases are given in Appendix A.
eMBB scenario:
Figure 1 shows the achievable maximum throughput with 4x4 Tx-Rx antenna configurations, Rank 1 and with different DMRS patterns. To evaluate what is the impact CP length for eMBB throughput performance we transmit short data packets (slot length is 0.125 ms, corresponding to 7 or 6 OFDM symbols in NCP and ECP cases, respectively) and measure the maximum throughput for each SNR value from the used MCS set.
The results reflect the performance difference between NCP and ECP in a coverage limited and time dispersive environment. Results indicated that NCP is outperforming ECP over the entire SNR range. This indicates that in the eMBB scenario with Rank 1, there is no real use case for ECP with 60 kHz subcarrier spacing, even in the considered worst case channel from delay spread point of view. 
Observation #1: ECP does not improve cell coverage in the scenario with eMBB, 60 kHz subcarrier spacing and a large delay spread (TDL-C-1000ns)
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Figure 1 Maximum throughput , 60kHz subcarrier spacing, 0.125ms slot length, 4Tx-4Rx antennas, Rank 1.
URLLC scenario:
A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for X bytes within a user plane latency of 1 ms [2]. To evaluate what is the impact CP length for URLLC performance we transmit short data packets (slot length is 0.125 ms, corresponding to 7 or 6 OFDM symbols in NCP and ECP cases, respectively) and measure the required SNR giving BLER less than 10-5. 

For each SNR we take the highest throughput of the MCS with BLER less than 10-5 and calculate the overall URLLC performance, similarly as in [5]. However, instead of using ideal channel estimation and taking just DMRS overhead into account [5], we conduct the channel estimation in the receiver using the actual DMRS patterns. 

Figure 2 shows the achievable throughput for BLER lower than 10-5 with 4x4 Tx-Rx antenna configurations, Rank 1 and with different DMRS patterns. The results indicate clearly that use of extended CP (CP length is 4.2us) is beneficial in long delay spread channel (such as TDL-C-1000ns), provided that SNR operation point is high enough. Based on that, we can conclude that

· ECP is better for SNRs larger than 15 dB (64 QAM)

· Max throughput gain observed is 15% at 20 dB SNR 

· 2X RS density required compared to NCP is needed in order to see gain.
Observation #2: ECP outperforms NCP for SNR >15 dB, in the scenario with URLLC, 60 kHz subcarrier spacing and a large delay spread (TDL-C-1000ns).
[image: image2.png]Throughput [bit/s]

35

25

15

0.5

107 Throughput for BLER<10-5 (4GHz, TDL-C-1000ns,3km/h,4x4,rank 1)
——— 60KHZ(NCP,RS pattern 1,TF corr CE)
60kHZ(NCP,RS patter 2,TF corr CE)
r ——— 6OKHZ(ECP,RS pattern 1,TF corr CE)
60KHZ(ECP,RS pattern 2,TF corr CE)
0 10 15 20 25

SNR [dB]

30




Figure 2 Throughput for BLER lower than 10-5, 60kHz subcarrier spacing, 0.125ms slot length, 4Tx-4Rx antennas, Rank 1.

3.
Conclusion
In this contribution we investigated the link level performance of ECP numerology with 60 kHz subcarrier spacing, in the NR scenario with a large delay spread. Based on the discussion we make the following observations: 
Observation #1: ECP does not improve cell coverage in the scenario with eMBB, 60 kHz subcarrier spacing and a large delay spread (TDL-C-1000ns)
Observation #2: ECP outperforms NCP for SNR >15 dB, in the scenario with URLLC, 60 kHz subcarrier spacing and a large delay spread (TDL-C-1000ns).
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Appendix A: Link level simulation parameters (Extended CP with 60 kHz subcarrier spacing)
Table 2 Link level simulation parameters for 60kHz subcarrier spacing  

	Parameter
	Value

	Carrier frequency
	4GHz

	Active BW 
	12RB, 12 subcarriers per RB

	TTI length
	0.125 ms

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

	FFT size
	256

	OFDM symbol duration
	16.67us

	CP duration
	1.17us(NCP)/4.17us(ECP)

	Overhead due to DMRS symbols and increased CP length (ECP case) 
	NCP: 3.6% (RS1), 7.1%(RS2)
ECP: 17.9%(RS1),  21.3%(RS2)  

	Transmission mode
	4x4, rank 1

	MCS
	10 MCS, QPSK/16QAM/64QAM, code rate range[0.33, 0.83]

	Coding
	Turbo

	Channel model
	TDL-C-1000ns, 3km/h

	Channel estimation
	Wiener filter based estimator

	BLER (URLLC)
	Lower than 10-5 


RS patterns


[image: image3]
[image: image4.png]1RB

1234567

(a)
RS pattern 1
60 kHz NCP

1RB
1RB

1234567

(b)
RS pattern 2
60 kHz NCP

123456

(c)
RS pattern 1
60 kHz ECP

1RB

[ data
| rs

123456

(d)
RS pattern 2
60 kHz ECP



