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1. Introduction

The E-UTRA downlink and uplink numerology in 25.814 was determined at the June 2005 RAN1 LTE Ad hoc. This contribution summarizes many of the numerology design drivers and considerations (c.f., R1-050583).

2. Numerology Design Drivers

· Spectral Occupancy. ~90% deemed feasible for RAN1 by LTE deployment. Any reduction would directly reduce LTE gain over HSPA+. Competing systems ~92-93%. Value is scope of RAN4. (c.f., R1-062057/2062)
· Short subframe duration. Needed for low latency requirement. Divides 10ms radioframe, such as {0.5, 0.625, 0.667}ms. Min frame duration is one subframe; longer TTI of multiple subframes considered. TDM of unicast & E-MBMS frames supported. 

· Cyclic Prefix (CP) OFDM CP values. On DL, two CP (short ~5us, long ~15-20us) available to provide good performance and low overhead for application (unicast, SFN) or condition (cell size). CP on UL ideally larger than DL to account for non-ideal timing advance. Integer number of OFDM symbols or SC-FDMA blocks per subframe.

· Scalable Bandwidth
· Same useful symbol duration across all bandwidths. Bandwidths include current 5MHz, 10MHz minimum UE, 20MHz, and possibly 1.25, 2.5, and 20MHz. (FDD)

· Number of subcarriers scales with bandwidth.

· Subcarrier Spacing. The 15 kHz subcarrier spacing is large enough to avoid degradation from phase noise and Doppler (350km/h at 2.6 GHz) with 64QAM modulation, and small enough to keep overhead from CP low.

· DFT-SOFDM Uplink and OFDM Downlink Numerology Reuse. Same numerology eases CQI, TDD, hardware, etc. On UL, no spectral shaping required. [R1-061787]

· Resource Block
· Number of subcarriers per resource block (RB) constant and same for DL and UL.

· Number of resource blocks scales with nominal bandwidth (with possible exception at 1.25MHz)

· Supports efficient frequency-selective resource allocation and scheduling (~375kHz)

· Small enough to efficiently send VoIP (~225kHz – if sent channel dependent localized transmission)

· Small enough on UL for link budget / coverage

· Reference Sequence length for 1RB on UL. May slightly improve with more subcarriers per band or RB. 

· Subframe should be an integer number of samples.

3. Other Considerations (preferred, but not required)
· DC Subcarrier. Use on DL and also on UL to minimize impact of direct conversion transceivers.
· Sampling rate and reference clock generation. 3.84 MHz * M/N, small M and N. 

· Same CP for all symbols in a subframe. 
· BW can be divided by 200kHz or 600kHz channels for GSM spectrum migration. Difficult – either too restrictive on potential subcarrier spacings or too spectrally aggressive (such as from 96% = 8*600kHz in 5MHz)).

· DFT-SOFDM Resource Block Size Power-of-2. Mixed-radix (2, 3, 5) is feasible.

· DFT-SOFDM Resource Block Size Even. Channel estimation can handle 12 or 13 short block subcarriers in a RB.

4. Conclusions

The current numerology is reasonable. Any changes should be carefully considered, since modifying one property can negatively affect one or more others. 

Table 1: Numerology

[image: image1.emf]Design Drivers Target SI Numerology

Spectral Occupancy ~90% ~90%

Subframe Duration

0.5, 0.625, or 

0.67ms

0.5

CP -- DL short ~5us 4.76 (avg)

CP -- DL long 15-20us 16.67

CP -- UL ~5-6us 3.65 - 4.13

Useful symbol 

duration

constant across 

BW

67.67

Nsc (data, 5MHz) scales with BW 300

Subcarrier Spacing 12-18kHz 15

RB -- Nsc per RB

constant across 

BW

25 (or 15), const

RB -- # at 5MHz scales with BW yes

RB -- good for FSS ~375kHz yes

RB -- good for VoIP ~225kHz with 15sc

RB -- good for UL 

coverage

<=375kHz ok

Subframe Integer 

Num of Samples

Integer yes

Other 

Considerations

Target

Sampling rate

3.84 MHz * M/N, 

small M and N.

2/1 @ 5MHz

CP in subframe constant only DL long

GSM spectrum 

migration

multiples of 

200kHz produce 

RBs

400kHz yields 

375kHz RB

DFT-SOFDM RB power of 2 no, radix 2, 3, 5

DFT-SOFDM RB even no

Ref Seq Length on 

1 UL RB

>=12 12






























































































































































































































































