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Abstract
The objective of this document is to introduce the use cases defined in 5G releases, to clarify what has been already defined in the specifications as physical layer, and to conclude on what is applicable in NR numerology to satellite communication.









Proposed text for approval

It is proposed to add the following texts to TR 38.811 “Study on NR to support Non-Terrestrial Networks”.


* * * Start of changes * * * * (modifications)
[bookmark: _Toc493127338]7.3 NR modifications to support the Non-Terrestrial Network deployment scenarios
This clause identifies the NR specifications that may require some adaptations to support operation via Satellite or HAPS. 
7.3.1 5G use cases definition and specification
The standardization of 5G has  been divided in 2 phases:
[image: ]
Figure 1: 3GPP phase 1/2 approach, source 3GPP.org
5G phase 1 focuses on: 
· Common design covering sub 6GHz to ~40GHz
· Support eMBB (enhanced Mobile Broadband) with Forward compatibility to address mMTC (massive Machine Type Communication) and uRLLC (ultra Reliable Low Latency Communications)
· LTE-assisted and standalone operations
· 5G Core Network (NextGen)
Whereas phase 2 tackles:
· Extend up to 100GHz Spectrum
· Potential new waveforms for mMTC and >40GHz spectrum
· Full support  IMT2020 and 3GPP NR req.

If uRLLC seems to be out of scope regarding satellite capacities (i.e. longer delay), eMBB and mMTC are use cases where satellite can extend and complement terrestrial networks. Since at now mainly phase 1 specifications are available, this first analysis is based on current NR specifications done for eMBB use case. For mMTC, a follow up is needed, and this study could propose some recommendations for future mMTC specifications. At now, the consensus is to consider that mMTC will be derived from NB-IOT, and main characteristics of NB-IOT will be taken as basic assumptions in the study item.
Currently specified in Rel.15 (end of 17)
To be evolved in next Rel.


[image: ]Satellite potential use cases
To be specified in next Rel. (16 or 17)

Figure 2: 5G use cases, eMBB, mMTC, uRLLC

7.3.2 5G waveforms
For 5G, many waveforms proposal have been reviewed, most of them being multi-carrier waveforms based on CP-OFDM (Filtered OFDM, Universally filtered OFDM, Pulse shaped OFDM…).
[bookmark: _GoBack] In the end for eMBB DL and UL, CP-OFDM ranks best on the performance indicators that matter most: low complexity with multi antenna technologies, high spectral efficiency and low implementation complexity. CP-OFDM is also robust to phase noise and Doppler compared to other multi carrier waveforms proposed. Main drawback of CP-OFDM is high PAPR, which could be reduced in a receiver agnostic way by using for example known technique like clipping and companding. Windowing is also a possibility to frequency localized OFDM. For more details on this choice, please refer to [1]. 
Note that for eMBB, DFT-S-OFDM, which has a lower PAPR than CP-OFDM (equivalent to SC-FDMA in LTE), is still possible in UL without MIMO (which corresponds to satellite deployment scenario, where UL transmission is only done through one stream).
[image: ]
Figure 3: eMBB modulation selection
Regarding mMTC, no modulation has been yet chosen, but requirements could be more beneficial to satellite systems (e.g. modulation with low PAPR should be chosen).
[image: ]
Figure 4: CP-OFDM Time/Frequency representation (where guard intervals are in fact a copy of the end of the OFDM symbol, which explains the name Cyclic Prefix…)
7.3.3 New flexible numerology defined in NR
Whereas for LTE, Subcarrier Spacing (SCS) was fixed (15 kHz), NR waveforms are more flexible, and new numerologies have been added. 
Table 1: NR supported transmission numerologies (source TS 38.211, Table 4.2-1)
	

	

	Cyclic prefix

	0
	15
	Normal

	1
	30
	Normal

	2
	60
	Normal, Extended

	3
	120
	Normal

	4
	240
	Normal

	5
	480
	Normal



The new SCS spacing defined will have of course an impact on the symbol duration, as in OFDM, both are linked by the following formula: 

The Cyclic prefix will also be shortened proportionally to the symbol duration.
[image: ]CP : 1.17 µS
CP : 0.15 µS
CP : 4.7 µS
448 symbols
480 kHz
60 kHz
15 kHz
56 symbols
14 symbols

Figure 5: Example of time representation of CP-OFDM with various SCS
To support higher frequencies (up to 100 GHz), higher SCS has been defined. In fact, phase noise increases in proportion of carrier frequency. Moreover frequency drift, due to local oscillator inaccuracy and Doppler spread, also increases with carrier frequency. So to decrease Inter Carrier Interference at high frequencies, a higher SCS should be chosen. 
The side effect of higher SCS is that Cyclic Prefix (CP) length will be decreased to ensure constant spectral efficiency. The CP length is directly linked to terrestrial propagation delay spread due to multipath, in order to fight Inter Symbol Interference (ISI). It means that higher SCS is also linked to smaller cells in terrestrial environments. Which is logic as higher frequencies fade quicker.  A technical document from Intel ([2]) describes SCS choice and phase noise issue. 
[image: ]
Figure 6: NR new spectrum
7.3.4 Limited choice in NR numerology depending on spectrum band
Note that RAN4 at RAN4#82bis has restricted the NR numerologies depending on the spectrum [3]:
· SCS for below 1 GHz:
· 15 kHz, 30 kHz
· SCS for between 1 GHz and 6 GHz: 
· 15kHz, 30 kHz, 60 kHz
· SCS for above 24GHz and below 52.6GHz:
· 60 kHz, 120k Hz, where 240 kHz only for synchronization
480 kHz SCS was not mentioned in [3]. We suppose that this SCS will be used for higher spectrum usage (above 50 GHz). Nevertheless, this information needs to be checked within 3GPP organization.
7.3.5 Applicability of NR numerology to satellite communication
Satellite and HAPS deployment scenario foresee to use S and Ka bands. So from RAN4 decision, in S band SCS to be chosen could be 15, 30 or 60 kHz, and for Ka band, 60, 120 kHz and potentially 240 kHz for synchronization.
[image: ]
Figure 7: SCS applicable to satellite bands
In satellite context, studies need to be done to ensure that with SCS defined at RAN4:
· CP length is sufficient in satellite environment to fight ISI
· SCS are sufficient to fight Doppler shift and variation rate, during initial synchronization phase, and later when demodulating the data, as well as additional phase noise introduced by satellite payload on top of the phase noise by gNB and UE.
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