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1. Introduction
IMT 2020 and beyond [1] is envisaged to expand and support various usage scenarios and applications/ services for the near future society with fully mobile and connected. As the IMT 2020 and beyond includes three usage scenarios, namely eMBB, mMTC and URLLC and NR (New RAT) system in 3GPP also is expected to support these three usage scenarios. Based on the usage scenarios, corresponding KPIs, deployment scenarios and requirements are described in [2].

Since NR system is required to cover quite large ranges of frequencies up to 100GHz, frequency band-specific numerology design would be necessary. In this document, we briefly elaborate consideration points for numerology design of NR system.  

2. Consideration points on numerology design for NR
In this section, we provide our views on numerology design for NR system. Now that the NR will consider frequency to range up to 100GHz [3], and due to quite large ranges of frequencies to cover, frequency characteristics should be carefully captured in designing of numerology for NR system. One of the most important factors of numerology is a subcarrier spacing considering OFDM based multiplexing and the followings are the basic considerations in determining of the subcarrier spacing:
1.
Coherence time (related to mobility)

Coherence time is the time interval within which radio channel state is predictable and it should be longer than OFDM symbol duration. Otherwise, channel estimation would be inaccurate and coherent detection may not be achievable. Meanwhile, coherence time becomes smaller as carrier frequency goes higher or velocity increases. It would be better to have short OFDM symbol duration at higher frequency band and it can be done by increasing subcarrier spacing in frequency domain. Naturally, larger subcarrier spacing is preferable for higher frequency bands and relatively smaller subcarrier spacing seems better option for lower frequency bands.  
2.
Coherence bandwidth (related to channel delay spread)

Coherence bandwidth is the range of frequencies over which the channel response can be considered as similar. Hence, the coherence bandwidth should be larger than subcarrier spacing. To this end, smaller subcarrier spacing seems preferable, but it makes OFDM symbol duration to be longer. Actually, subcarrier spacing directly affects RS density in the time/frequency domain. Namely, as subcarrier spacing becomes larger, the RS density in the time domain becomes sparser, while the RS density in the frequency domain becomes denser. As a result, subcarrier spacing should be determined considering both coherence time and bandwidth.
For LTE with 2GHz carrier frequency and 15kHz subcarrier spacing, the time/frequency RS density support up to 500km/h UE mobility and 991us RMS delay, respectively. Also, as frequency goes high, it is expected that the coherence time becomes smaller, but the coherence bandwidth becomes larger. In this case, the RS density is denser in the time domain while the RS density in frequency domain is sparser, if subcarrier spacing is unchanged. 
3.
CP length (related to frequency band, coverage, and overhead)

CP should cover serving and neighbor eNBs’ delay spread. In general, as carrier frequency goes higher, channel delay spread decreases [4]. Therefore, CP length can be reduced as frequency goes higher. Similarly, CP length would also be reduced if coverage is reduced (e.g. indoor). Since CP results in higher resource waste, and thus, the overhead should also be considered. For LTE, CP overhead is less than 7%. Based on the above mentioned factors, we propose different CP lengths for different subcarrier spacings in the later section.  
4.
Scalability to LTE numerology 

Tight interworking between LTE and NR system is one of the requirements defined in [2] and in this sense we consider scalable numerology to LTE system. Candidate subcarrier spacing for NR system should be scaled to integer multiple of 15kHz, i.e. 15kHz x N (N=2, 5, 20). As the subcarrier spacing is scaled up, the subframe length is scaled down to 1ms/N. For example, 30kHz, 75kHz, and 300kHz subcarrier spacing have 0.5ms, 0.2ms, and 0.05ms TTIs, respectively. 
3. Proposed numerology set for NR
Based on the discussion above, we propose to have multiple set of numerologies with different subcarrier spacing of 30kHz, 75kHz and 300kHz considering wide range of frequencies as follows, specifically, 30KHz for below 6GHz band, 75KHz and 300KHz for above 6GHz band, respectively.
Table 1. Proposed numerology set for NR

	Subcarrier Spacing
	30kHzI)
	30kHzII)
	75kHz
	300kHz

	OFDM Symbol Period
	33.33µs
	33.33µs
	13.33µs
	3.33µs

	CP Length
	2.35µs
	6.57µs
	0.94µs
	0.235µs

	Channel Bandwidth
	40MHz
	40MHz
	100MHz
	400MHz

	FFT Size
(# of occupied subcarrier)
	2048(1200)
	2048(1200)
	2048(1200)
	2048(1200)

	Sub-Frame Length
	0.5ms
	0.2ms
	0.2ms
	0.05ms

	# of OFDM Symbols 

in a Sub-Frame
	14
	5
	14
	14


It can be seen that when subcarrier spacing is scaled to 15kHz x N, channel bandwidth and subframe length are scaled to 20MHz x N and 1ms/N (except 30kHz in option II), respectively, while maintaining the same FFT size. Moreover, CP length is also scaled down to 4.7us/N where 4.7us is the CP length in LTE. For high frequency bands, it would be possible for CP length to be scaled down to 4.7us/N due to small delay spread. In addition, even for low frequency bands, it may be possible for CP length to be scaled down to 4.7us/N when relatively smaller coverage (e.g. indoor) is considered for NR. 
We have two options for a same 30KHz subcarrier spacing with different CP length: Option I with shorter CP of 2.35us and Option II with longer CP of 6.57us. Option I has 14 OFDM symbols per subframe duration of 0.5ms as same in the LTE, while Option II has 5 OFDM symbols (smaller number than Option I) per subframe duration of 0.2ms. Option I is applicable for eMBB service by reducing CP overhead (i.e., more OFDM symbols for a same duration compared to Option II), while Option II could be used for URLLC use case to ensure latency requirement for NR by shortening TTI duration.
Meanwhile, we can see that 75kHz and 300kHz have 0.2ms and 0.05ms subframe length, respectively, while maintaining 14 OFDM symbols per subframe. In particular, considering the NR operation in high frequency bands (e.g. mmWave), analog beam-forming would be used to overcome high path-loss. However, since the analog beam-width might be quite narrow compared to the legacy environment, it covers only a part of entire cell. Therefore, larger subcarrier spacing (shorter subframe length) can be an efficient solution to relieve the latency for the NR system deployed in high frequency band.
4. Conclusion
In this document, we have discussed on numerology design for NR. We have addressed consideration points and provided design principles on numerology for NR. Then, potential numerology set for the NR has been proposed based on 30KHz, 75KHz and 300KHz subcarrier spacing for below/above 6GHz frequency band. Our views on NR numerology design are as follows: 
· Frequency-band specific design should be considered. 

· Multiple set of numerologies to cover very wide range of frequencies should be supported.
· Scalability to LTE numerology should be considered.

· Tight interworking between LTE and NR system should be supported.
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