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1 Introduction
The approved study item on “New Radio Access Technology” at RAN#71 [1] aims to develop a new radio access technology (RAT) to meet a broad range of use cases including enhanced mobile broadband (eMBB), massive MTC (mMTC), ultra reliable and low latency communications (URLLC), and additional requirements defined during the RAN requirements study. Forward compatibility is one aspect of the design requirements where phase 1 of the new radio interface should be forward compatible with phase 2 and beyond. The study item also targets a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. The new RAT will consider frequency ranges up to 100 GHz. 
This contribution discusses numerology and frame structure for new radio interface for sub-6GHz. The numerology and frame structure for over-6GHz is discussed in a companion contribution [3].
2 Numerology for new radio interface: sub-6GHz
1 
2 
The multiple access scheme for the LTE physical layer is based on OFDM with a cyclic prefix (CP) in the downlink, and on SC-FDMA with a CP in the uplink. The sub-carrier spacing is f = 15 kHz in both the downlink and uplink. In addition there is a reduced sub-carrier spacing f = 7.5 kHz with use of longer CP, only for a MBMS-dedicated cell. Downlink and uplink transmissions are organized into radio frames with 10 ms duration. Each radio frame is divided into ten equally sized sub-frames.
LTE supports scalable system bandwidth (1.4/3/5/15/20 MHz) to adapt to various spectrum allocations. At the same time, maximum UE transmission/reception bandwidth is fixed according to maximum channel bandwidth specified per band to reduce the LTE system complexity (except for UE Category M1).
Table 1: LTE OFDM parameters (sub-carrier spacing/symbol length, CP length)
	Configuration
	
Cyclic prefix length 
	CP length (μs)
	Symbol length (μs)
	CP overhead

	Normal cyclic prefix
	

	



	5.21 us
4.69 us
	66.67 us
	7.25%
6.07%

	Extended cyclic prefix
	

	

	16.67 us
	66.67 us
	20%

	
	

	

	33.33 us
	133.33 us
	20%



In dimensioning physical layer parameters for the new radio interface, various factors should be taken into account such as channel characteristics, deployment scenarios, implementation complexity, performance requirements, etc. As analysed in a companion contribution [4], the waveform based on OFDM is assumed throughout this contribution.
Channel characteristics
It is prerequisite to identify the propagation channel characteristics, e.g. delay spread, Doppler shift, coherence time, coherence bandwidth, etc., when designing numerology for new radio. However, at least for sub-6GHz, many wireless systems are specified and commercialized in the field. In this regard, similar assumptions can be baseline for new radio sub-6GHz design as for LTE.
Table 2 summarizes LTE operating bands specified in RAN4. The range of bands spans up to around 4 GHz for licensed spectrum and up to around 6 GHz for unlicensed spectrum. That is, from operating bands perspective, little difference is anticipated between LTE and 5G new radio for sub-6GHz. For example, given LTE LAA support in 5 GHz with the same LTE numerology, the 5G new radio numerology for sub-6GHz may not deviate much from LTE numerology under a similar deployment scenario. 
Table 2: LTE operating bands (TS36.101)
	
	Uplink
	Downlink

	FDD
	min
	452.5 MHz – 457.5MHz (band 31)
	462.5 MHz – 467.5 MHz

	
	max
	3410 MHz – 3490 MHz (band 22)
	3510 MHz – 3590 MHz

	TDD
	min
	703 MHz – 803 MHz (band 44)

	
	max
	3600 MHz – 3800 MHz (band 43)

	Unlicensed (LAA)
	
	5150 MHz – 5925 MHz (band 46)



Deployment scenarios
Several deployment scenarios are defined for eMBB, mMTC and URLLC in [2]. For eMBB, the deployment scenarios include indoor hotspot, dense urban, rural, urban macro and high speed – all these scenarios are relevant to sub-6GHz. For each deployment scenario, some attributes differ from LTE assumptions, e.g. carrier frequency (4, 30, 70 GHz), ISD 5000 m (rural scenario), 500 km/h UE speed (high speed scenario), while others have similarity with LTE assumptions (see Table A in Annex). From the numerology perspective, the implication of longer ISD would have an impact on CP length. In addition, wider sub-carrier spacing may be required to combat larger Doppler spread due to high speed UE. 
In case of mMTC and URLLC, some of eMBB deployment scenarios may be reused for system design and evaluation. In addition, other deployment scenarios, e.g. extreme rural, urban coverage, highway, urban grid, are defined for specific usage scenarios.
Implementation complexity
Assuming dual connectivity between LTE and new radio as one potential mode of operation, it would be desirable if the numerology is scalable or common across LTE and new radio for both sub-6GHz and over-6GHz. This design would ensure reasonable complexity to support interworking and co-existence with legacy RATs. For instance, in the LTE numerology design, the sampling frequency was specified as 8 x 3.84 MHz to facilitate a single oscillator as clock reference between LTE and WCDMA/HSPA.
Performance requirements
For eMBB, higher data rates can be supported with a large amount of resource provisioning. In order to meet the target peak data rate, 20 Gbps for downlink and 10 Gbps for uplink, support for large enough bandwidth should be ensured. This implies that over-6GHz is more favourable in terms of spectrum availability than sub-6GHz. Nevertheless, there still remains opportunity to have large spectrum allocations in sub-6GHz by means of spectrum re-farming and new spectrum allocation. Therefore, maximum system bandwidth larger than 20 MHz should be considered in sub-6GHz operation.
A low latency requirement is a key feature for URLLC - the target for user plane latency is 0.5 ms for uplink and 0.5 ms for downlink. This motivates introduction of a short TTI, i.e. less than 1 ms. In view of multiplexing different verticals within single framework, it would be beneficial for the TTI length to be compatible with each vertical.
Numerology for new radio interface: sub-6GHz
Based on the above discussion, the numerology for new radio for sub-6GHz operation can be similar to LTE. In addition, it would be desirable to consider possible optimizations for different use cases with reasonable system and UE complexity. For example, the potential variants can be: 
· eMBB: wider system bandwidth (> 20 MHz) to support higher data rates, and possibly wider sub-carrier spacing (> 15kHz) to reduce the TDD DL-UL switch-point periodicity and cope with the large Doppler spread.
· mMTC: narrower sub-carrier spacing (< 15 kHz) for massive connections 
· URLLC: shorter TTI (< 1 ms) to support low latency, and possibly wider sub-carrier spacing (> 15 kHz) to support high speed UEs 
Proposal 1: LTE numerology is baseline for new radio for sub-6GHz. Consider possible optimizations for different use cases with reasonable system and UE complexity.
3 Frame structure for new radio interface: sub-6GHz
3 
Motivations for Flexible Frame Structure
5G would need to support a variety of applications as is has already become evident in Rel-13 and Rel-14. Different applications can have different requirements in data rates, coverage, and latency, thereby necessitating different designs to optimize respective performance metrics. For example, TTI duration of 1 millisecond may remain applicable for eMBB while a shorter TTI may be used for URLLC and a longer TTI may be used for mMTC and respective numerologies, control, and RS structures can vary depending on the TTI type. For example, longer symbol duration and smaller sub-carrier spacing than in Rel-13 may be considered for mMTC while the reverse may apply for URLLC. The fundamental principles of such designs date back to Rel-8, for example in using different symbol durations and RS structures in normal TTIs and MBSFN TTIs or in using different sub-carrier spacing for PRACH and other UL transmissions in a same TTI. In Rel-13 and Rel-14, these principles have been expanded in case of NB-IoT, low latency communications and V2X.
Attributes of Flexible Frame Structure
Flexible support in an optimized manner of different applications, such as eMBB, mMTC, URLLC, and MBMS requiring co-existence of different numerologies in a same bandwidth, and dynamic adaptation to DL traffic and UL traffic are among the main objectives of the new radio design. It also enables a forward compatible design for a phased deployment of the new radio interface. Such flexibility can be enabled by self-contained TTIs where existence of common control channels and signals is minimized. A flexible frame structure can contain a mixture of TTI lengths in the system bandwidth to provide appropriate tradeoffs among performance for eMBB, low cost solutions and enhanced coverage for mMTC, and reduced latency for URLLC, or contain a mixture of TTI structures such as to support high speed communications or MBMS. Some more details on the vertical service multiplexing options can be found in a companion contribution [5].
A self-contained TTI structure in TDD, similar to the special subframe in Rel-13 TDD, can also be considered where the number of DL symbols, the number of UL symbols, and their locations can be variable according to the self-contained TTI (special TTI) configuration. The self-contained TTI configuration can be used to support both DL control and data transmissions as in the DwPTS and UL control and data transmissions as considered in LAA for the UL partial subframe or in the Rel-14 WI on UL capacity enhancements for data transmissions in the UpPTS. Adaptation of the self-contained TTI configuration (number of TTI symbols used for DL data/control transmissions and for UL data/control transmissions) can be dynamic per TTI and UE-specific subject to inter-cell interference coordination or dynamic per number of TTIs and UE-common similar to eIMTA. 
Further, scheduling flexibility by avoiding fixed time relations between a TTI of DL/UL grant transmission and a TTI of PDSCH/PUSCH transmission or a TTI for HARQ-ACK transmission from a UE, can be considered to enhance spectrum utilization as it is also currently considered for LAA in Rel-14.
Proposal 2: Consider flexible bandwidth allocation and flexible TTI structures containing either or both DL control/data and UL control/data transmissions as a component of the new radio interface design.
4 Conclusions
This contribution discussed the numerology and frame structure for new radio interface for sub-6GHz and proposed the following:
Proposal 1: LTE numerology is baseline for new radio for sub-6GHz. Consider possible optimizations for different use cases with reasonable system and UE complexity.
Proposal 2: Consider flexible bandwidth allocation and flexible TTI structures containing either or both DL control/data and UL control/data transmissions as a component of the new radio interface design.
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Annex: 5G deployment scenarios – high level attributes
Table A shows some high level attributes for the 5G deployment scenarios.
Table A. Attributes for deployment scenarios (excerpted from TR38.913 [2])
	
	Carrier Frequency
	Layout
	ISD
	UE speed

	Indoor hotspot
	Around 30 GHz or Around 70 GHz or Around 4 GHz
	Single layer:
- Indoor floor
(Open office)
	20m
(Equivalent to 12TRPs per 120m x 50m)
	3km/h

	Dense urban
	Around 4GHz + Around 30GHz (two layers)
	Two layers:
- Macro layer: Hex. Grid
- Micro layer: Random drop
	Macro layer: 200m
Micro layer: 3micro TRPs per macro TRP 
All micro TRPs are all outdoor
	3km/h, 30km/h

	Rural
	Around 700MHz or  Around 4GHz (for ISD 1)
 Around 700 MHz and Around 2 GHz combined (for ISD 2)
	Single layer:
- Hex. Grid
	ISD 1: 1732m
ISD 2: 5000m
	120km/h, 3km/h

	Urban macro
	Around 2 GHz or Around 4 GHz or Around 30 GHz
	Single layer:
- Hex. Grid
	500m
	30km/h, 3km/h

	High speed
	Macro only: Around 4GHz (Tbc)
Macro + relay nodes: 
1) For BS to relay: Around 4 GHz
For relay to UE: Around 30 GHz or Around 70 GH or Around 4 GHz
2) For BS to relay: Around 30 GHz
For relay to UE: Around 30 GHz or Around 70 GHz or Around 4 GHz
	Option 1: Macro only
Option 2: Macro + relay nodes
	Macro cell: ISD = 1732m
Small cell within carriages: ISD = 25m
	500km/h
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