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1. Introduction
In 3GPP RAN Plenary #71, the 5G new RAT WI is approved [1]. RAN1 mainly focuses on the following areas:
· Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveform if they demonstrate justifiable gain
· Basic frame structure(s)
· Channel coding scheme(s)
In this contribution, we give some initial analysis on the new RAT frame structures based on OFDM waveform.
2. Considerations on the new RAT frame structure
OFDM signal has the potential of scalability in terms of bandwidth and receiver complexity. For the new RAT with higher data rate and flexible band combination, it is highly recommended that OFDM waveform should be baseline for PHY layer signal design. In this contribution, we mainly focus on numerology based on OFDM signals.
The factors that influence design of the new RAT frame structure are listed as following. 
· Key performance index and its forward compatibility.
· Frame structure design should satisfy the performance requirement defined in [2]. The main KPI that influence design of frame structure are bandwidth, latency and reliability. Those KPI are still under discussion in RAN Plenary. Frame structure design should target the required value once they are fully defined.
· It is stated clearly in the WID[1] that the new RAT should be forward compatible. The frame structure should have the ability of being easily configured for different scenarios, which have different sets of KPI. It is common understanding that Release 15 phase of the new RAT is optimized for only part of the scenarios and other scenarios for the latter phase. The forward compatibility of the frame structure means that the structure should be adaptable in the related KPI aspects (bandwidth, latency and reliability) and for the later introduced scenarios it is still possible for the frame structure to satisfy the related requirements. 
· LTE/5G dual connectivity and implementation complexity. It is highly possible that the initial phase of 5G new RAT would be designed to rely on LTE. UE should have the ability of multi-connectivity to LTE and 5G at the same time. From the perspective of implementation, it is better that the two RAT have integer relationship between parameters including:
· Sampling rate. If sampling rate between the two systems are of integer relationship, then the clock for the two RAT could be generated from the same source efficiently.
· OFDM subcarrier spacing. This parameter determines the length of OFDM symbol. OFDM symbol is the basic unit of baseband processing before FFT. Integer relationship between the two RAT would make it easier to design SoC (system on a chip). 
· TTI. It is also preferred that the 1ms LTE TTI length consists of integer number of 5G basic TTI length. It is possible that in 5G, TTI length would be a configurable parameter that for different scenarios this parameter would be different. All possible TTI length would consist of integer number of basic TTI length. Thus if LTE TTI length consists of integer number of 5G basic TTI, LTE TTI could be viewed as a specific configuration of 5G TTI. This is conceptually attractive.
· Channel characteristics and unified design in high frequency band and low frequency band
· There are several channel characteristics that influence frame structure. 
· Delay spread influences the length of CP, which is the main overhead in OFDM system design. Typically, CP length should be greater than the largest possible delay spread plus some margin. For high frequency band, with greater pathloss and beamed transmission, the delay spread would be at the level of nano seconds.
· Doppler spread influences subcarrier spacing. Doppler spread should be much smaller than subcarrier spacing in the sense that within an OFDM symbol, there should be very little channel variation. In high frequency with increased Doppler spread, the subcarrier spacing should be much greater.
· Unified HF and LF design. Novel channel characteristic brings about novel design constraints. The channel characteristic would be highly different from low frequency band to high frequency band. But it is preferred that there is only one single basic design of frame structure up to 100GHz and the frame structure is configurable in different bands. This also influences the choices of frame structure.

Observation 1: The main design constraints of 5G new RAT frame structure are:
· Key performance index and its forward compatibility.
· LTE/5G dual connectivity and implementation complexity.
· Channel characteristics and unified design in high frequency band and low frequency band.
3. Examples
According to the above observation, the following parameters should be designed with listed constraint:
· Sampling rate: integer multiple of 30.72MHz, configurable for different bandwidth;
· Subcarrier spacing: integer multiple of 15KHz, this should be a configurable parameter since with different CP length, subcarrier spacing should be different in order to lower the overhead. Typically this value should be enlarged with increased bandwidth and frequency.
· CP length: configurable according to bands and deployment scenarios;
· Basic TTI: mainly determined by KPI;

An example design is shown below
	Parameters
	Values

	Sampling rate
	For 100MHz, 30.72 MHz × 4 = 122.88 MHz
For 400MHz, 30.72 MHz × 16 = 491.52 MHz

	Subcarrier spacing
	Possible configurations:
15kHz × N(1,4,16,32) =15kHz, 60kHz, 240kHz, 480 kHz
Typically, for low frequency bands, smaller bandwidth

	OFDM symbol length
	Possible configurations (directly determined by subcarrier spacing): 66.7µs, 16.7µs, 4.17µs , 2.08 µs

	CP length
	determined by subcarrier spacing and basic TTI length, with first OFDM symbol in TTI having the longest CP ant other symbols evenly 
For 480kHz subcarrier spacing and 31.25µs basic TTI, CP length would be 0.179 µs for the first OFDM within basic TTI and 0.146 µs for the rest 13 OFDM symbols;

	OFDM symbols per basic TTI
	14; Normally there would be 14 symbols per basic TTI; but for low latency scenarios, it is possible to configure fewer OFDM symbols per basic TTI;

	Basic TTI
	1ms, 250µs, 62.5µs, 31.25 µs;



4. Conclusions
Observation 1: The main design constraints of 5G new RAT frame structure are:
· Key performance index and its forward compatibility.
· LTE/5G dual connectivity and implementation complexity.
· Channel characteristics and unified design in high frequency band and low frequency band.
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