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Discussion/Decision
1 Introduction
A new radio access technology needs to support a diverse set of use cases and deployment scenarios including enhanced mobile broadband, massive MTC, and Ultra reliable and low latency communications for IMT-2020 and beyond [1]. It is means that the NR should have scalable numerology design to fulfill different requirements. Furthermore, user experience consistency is expected in any scenarios. In this contribution, we discuss the numerology design that can accommodate all usage scenarios and deployment scenarios, and also give examples for some scenarios.
2 Discussion
According to the conclusions of 3GPP TSG RAN WG1 #84bis meeting, 5G NR supported OFDM-based waveform. In OFDM-based system, the different parameters to be considered: subcarrier spacing, symbol duration, guard time/cyclic prefix(CP), transmission time interval (TTI), FFT points, etc. We know 5G NR not only supports new numerologies but also supports the LTE numerologies. To simplify the implementation of LTE/5G multi-mode terminals with a single clock circuitry, it is preferred that NR’s numerology parameters are integer multiples of a particular value and the numerology include LTE’s numerologies. The design of these parameters will now be described in more detail.
Subcarrier spacing

The main factors affecting the subcarrier spacing are:
· Carrier frequency: To the fading of each subcarrier becomes approximately frequency-non-selective, the subcarrier spacing should be designed to be narrower than the channel coherence bandwidth. The channel coherence bandwidth of different carrier frequency are different, thereby the maximum subcarrier spacing of different carrier frequency are also different.
· Doppler: Doppler frequency offset will lead to inter-carrier interference. Wide subcarrier spacing can repress the inter-carrier interference effectively.
· Random frequency fluctuations in the local-oscillators: Random frequency fluctuations in the local-oscillators can cause common phase error (CPE) and inter-carrier-interference (ICI) , resulting in EVM degradation in OFDM-based systems. Wide subcarrier spacing can reduce ICI and phase noise caused by local-oscillators offset between eNB and UE. 
For both 5G new waveform numerologies and LTE waveform numerologies are supported, the subcarrier spacing of 5G NR should be scaled as: [image: image2.png]foe = o * N
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 is integer，f0 choose 7.5kHz. According to different requirements of usage scenarios, [image: image6.png]


 can choose different values. 
FFT points
Large FFT points will increase the complexity of receiver and PAPR. This results in implementation difficulties in both UE and eNB devices. Hence, we need select reasonable FFT points. In order to satisfy the flexibility of 5G NR, FFT points can be scaled as: [image: image8.png]Meer
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 is system bandwidth, [image: image14.png]


 is integer. It’s preferred that selecting smaller FFT points by considering the needs of system. For example, when system bandwidth is 20MHz and subcarrier spacing is 75 kHz, the better [image: image16.png]


 is 512, not 1024.
CP length
CP length associates with multi-path effect. In multipath fading channel with large delay spread, long CP length can suppress inter-symbol interferences (ISI). While short CP length can effectively reduce CP overhead ratio and improve SE in multipath fading channel with small delay spread. For example, when considering Macro cell environment, users may experience large channel delay spread, and thereby the waveform would need longer CP length. Conversely, to reduce signal overhead, shorter CP length may be preferred when considering small cell environment. CP length needs to be designed to operate with minimal overhead while meeting performance targets over typical cellular deployments. Hence, to fulfill diversify demands, 5G also need provide flexible and configurable CP length: [image: image18.png]T =Nep X T,
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 is sampling frequency. [image: image24.png]Ncp



 is integer, which including 144 and 160 for LTE normal CP, and 512 for LTE extend CP. And the other values of [image: image26.png]Ncp



 (including 0) are FFS . 
Transmission Time Interval
Assuming symbol number in one TTI is fixed, subcarrier spacing will affect TTI. Large subcarrier spacing results in short TTI, while small subcarrier spacing results in long TTI. Short TTI can be used for low latency deployment scenarios, such as URLLC. Longer TTI size may be used in throughput intensive traffic to reduce the associated control and reference signal overheads, meanwhile can take advantage of time diversity present in the channel. However, in some special usage scenarios, for instance, high mobility eMBB scenario needs large subcarrier spacing to suppress large Doppler frequency offset and also needs long TTI to increase transmission reliability. Hence, for meeting both long TTI and large subcarrier spacing, charging symbol number per TTI can be used to change TTI size in given bandwidth: [image: image28.png]Trrr = No X Topmpal
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 is one symbol period。
Through the above analysis, we know:
· The optimal subcarrier spacing is as small as possible on the basis of satisfying the given requirements (eg. suppressing phase noise and Doppler frequency offset, high reliability, low latency, system bandwidth, etc.).
· The optimal CP length is the minimum CP length which is greater than the maximum channel delay spread in given environment.
· It’s preferred that selecting smaller FFT points by considering the needs of system.
By jointly selecting [image: image36.png]< Np, Nggr, Nep N, >



, the requirements of diversify deployment scenarios and system bandwidths can be satisfied. In middle or high carrier frequency system, we can select a big [image: image38.png]


 to suppress ISI and reduce the local-oscillators’ complexity, and also can select a small [image: image40.png]


 to reduce symbol overhead in the meantime. While large subcarrier spacing and large CP length can be selected to fulfill the low latency in low carrier frequency system.
In the follow, we will give numerology examples for some scenarios:
· 5G NR should support LTE numerology, thereby the first numerology’s subcarrier spacing is 15kHz, OFDM symbol length is 66.67 us, No. of symbols/subframe is 14(normal CP) or 12(extend CP), FFT points is 1024. 
· The latency of URLLC is 0.5 ms, thereby short TTI duration should be supported, and the TTI duration lower than 0.5 ms. In this scenario, we can select large subcarrier spacing or less symbol number per TTI. Due to the selected subcarrier spacing should narrower than channel coherence bandwidth, when channel coherence bandwidth is very small, we choose the latter (such as 3 symbols per TTI). For large channel coherence bandwidth and large Doppler frequency offset, we choose the former (the subcarrier spacing can be 60kHz(0.25 ms), 75 kHz(0.2ms) ) .
· In high mobility eMBB scenario, large subcarrier spacing is needed to suppress large Doppler frequency offset and long TTI is needed to increase transmission reliability by exploiting the inherent time diversity of the channel. We select the large subcarrier spacing and increase the symbol number per TTI. Assuming the mobility speed is 500 km/h, the maximum Doppler frequency offset is 2.78 kHz in low-6GHz. In LTE, subcarrier spacing was designed to mitigate 25 times maximum Doppler frequency. Similarly, the subcarrier spacing should wider than 69.5 kHz. Hence, the subcarrier is 75 kHz. And symbol number per TTI can be 140, namely, TTI duration is 2ms.
Table 1
	Subcarrier spacing（kHz）
	15 kHz
	15 kHz
	60 kHz
	75 kHz
	75 kHz

	OFDM symbol length (usec)
	1/15000 sec
=66.67 usec
	1/15000 sec
=66.67 usec
	1/60000 sec
=16.67 usec
	1/75000 sec
=13.33 usec
	1/75000 sec
=13.33 usec

	No. of symbols/Subframe
	14/12
	3
	14
	14
	140

	Subframe length(ms)
	1
	0.25
	0.25
	0.2
	2

	Frame length(ms)
	10
	2.5
	2.5
	2
	20


3 Conclusion
To summarize, the numerology designed by jointly selecting [image: image42.png]


 that can accommodate all usage scenarios and deployment scenarios. And we also give some examples. Proposals are:
Proposal 1: The subcarrier spacing of 5G NR should be scaled as: [image: image44.png]foe = o * N
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 is integer，f0 choose 7.5 kHz.
Proposal 2: CP length should flexible and configurable. 
Proposal 3: Charging symbol number per TTI can be used to change TTI size in given bandwidth.
Proposal 4: By jointly selecting subcarrier spacing, CP length, TTI size and FFT points, the requirements of diversify deployment scenarios and system bandwidths can be satisfied.
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