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Introduction
In RAN#84-b, numerology design was discussed. It is largely agreed to have scaled numerology family based on a base subcarrier spacing (SCS). Two different design principals were proposed:
1) Base SCS = 15kHz and have the 15kHz numerology be the same as LTE numerology for better backward compatibility to legacy RAT.
2) Clean-slate design of new base SCS to ensure uniform symbol duration and 2m symbols per ms
In this contribution, we focus on the sampling rate impact of NR numerology design on eMBB and mMTC to evaluate the forward compatibility vs. backward compatibility tradeoffs.
Sampling Clock Reuse across NR and LTE Numerologies
The fifth generation wireless systems with a new air interface are being considered for standardization within 3GPP [1]. Clean-slate numerology family design takes into account multi-radio sampling clock reuse. E.g., f0 = 17.5KHz = 7/6 * 15kHz. NR subcarrier spacing is LTE tone spacing x N/D for small N and D, which facilitates simple PLL reprogramming for NR vs. LTE.
Some concerns were raised regarding different sampling rate impact to MSR RRH. It could be addressed in the following two ways:
1) If 5G fronthaul is used, RU will be upgraded and, the issue does not exist.
2) If legacy fronthaul (e.g., CPRI) is used, baseband could resample the RF samples at the CU without modifying RU.
[bookmark: _GoBack]Considering the level of changes needed for NR, such as high throughput high order MIMO advanced coding, low latency support, resampling logic should be relative easy to implement and should not cost significant HW increase. Some basic background knowledge and simulation results based on resampling is provided in the next subsection.
Resampling Simulation Evaluation
Tx baseband samples with NR numerology of 1024 sub-carriers with 17.5 KHz spacing are generated at sampling rate of 35.84 MHz. These samples are then interpolated to 30.72 MHz corresponding to LTE numerology of 15 KHz carrier spacing using the spline-based fractional interpolator in [3].  EVM simulations showed it is possible to achieve -59.34 dB and -52.68 dB EVM based on cubic and quadratic based spline resampler as shown in the Table below. Several papers in literature showed that it is possible to efficiently implement the fractional resmapler by utilizing farrow structure as in [4] with simple DPS circuits.
Table 1. EVM with different types of resamplers
	
	Cubic-spline Resampler
	Quad-spline Resampler

	EVM 
	-59.34 dB
	-52.68 dB



Numerology Design for Low Sampling Rate sub-RAT Design
Very low complexity and narrowband MTC type of communication has one of the identified area of focus for NR. In this section, we look at the implication of numerology on narrow bandwidth sub-RAT design.
[image: ]
Table 1: Sampling rate and FFT complexity for LTE/NB-IOT and NR NB modes

LTE numerology design considers sampling rate scalability from 20MHz to 1.4MHz. In order to achieve this scaling, some CP duration tradeoff is also made to have symb0 CP duration 0.52us longer than the rest of the symbols. However, when it comes to very NB system design, the sampling rate does not scale naturally. For example, in NB-IOT defined recently in Rel-13 LTE, NB-IOT numerology need to be compatible with LTE numerology as in-band deployment is one of the use case. Such design exposed some fundamental limitations in sampling rate. Due to different CP durations, sampling rate of NB-IOT only scales down to 1.92MHz despite the much lower NB-IOT system BW of 180KHz, which leads to 10x OSR at the baseband. As a result, the implied FFT size of NB-IOT system is also substantially larger than the number of active subcarriers, causing extra implementation complexity and  power consumption. Note that alternative ways of reducing large sampling rate or FFT size unavoidably adds modem implementation complexity and/or sacrifices system robustness.
On the other hand, power of 2 numerology family (for example, 17.5KHz SCS design),  more favorable OSR could be achieved (2x OSR as an example in Table 2). More importantly, uniform symbol duration provides a very efficient way scaling down the sampling rate to the extreme scenario. For example, when UL operates at the single carrier mode, thanks to uniform symbol duration, sampling rate at the transmitter side could be as low as 2m KHz. For example, w/ SCS = 17.5KHz, SR = 16KHz, w/ SCS = 4.375KHz, SR = 4KHz will be sufficient. The simplicity of uniform symbol duration does have a tangible benefit in very low BW scenario. It should also be noted that, such complexity could be pronounced for mMTC when compared with alternative IOT technologies such as 802.15.4, SIGFOX, etc. The suboptimal numerology design would eventually put 3GPP based solution in a disadvantage, not just for NB-IOT but also for future mMTC in NR for the next 10 to 20 years.
[bookmark: _Ref378529477]Conclusions
Observation 1: Multi-RAT sampling/resampling could be done efficiently by simple DSP circuits. Sampling rate difference is not a fundamental road blocker for LTE/NR coexistence.
Observation 2: Clean-slate design of NR numerology leads to a uniform symbol duration, much more efficient scalability down to very NB use cases, which will benefit NR NB mode design (such as mMTC).
Recommendation is to manage backward compatibility impact and at the same have a clean-slate numerology design to ensure forward compatibility and scalability for key NR features. One example in this contribution is the sampling rate scalability for mMTC scenarios.
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Sampling FFT size SymbO CP | Other Symbs Symbol Length
rate (sample) cpP (sample) (sample)

Largest 20MHz  30.72MHz 2048 2048
BW
LTE |
Smallest 1.4MHz 1.92MHz 128 10 9 128
BW
NB-IOT .18MHz 1.92MHz 128 10 9 128
NR NB mode .28MHz .56MHz 32 3 3 32

(SCS = 17.5KHz)




