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1 Introduction
In this contribution, we discuss the LTE numerology especially focusing on the support of extensive use of the repeaters.
2 Discussion

According to the current numerology captured in TR 25.814, the maximum CP length is 16.67 μs for downlink and around 4 μs for uplink. 

In real networks, there are environments, where repeaters are extensively used. In some cases, the length of the optical cable between a Node B and its repeaters could range up to e.g. 10 km, which corresponds to approximately 50 μs delay (1.5 times larger propagation delay in the optical cable than the over-the-air is assumed). 

Noting that there is a requirement in TR 25.913 section 12.1, 
· The E-UTRAN architecture should reduce the cost of future network deployment whilst enabling the usage of existing site locations.
it would be worthwhile to discuss how to support extensive use of repeaters.

We identify the following alternatives.

Alternative 1: No change in the current numerology

This approach has the benefit of not increasing over-the-air overhead compared to Alternative 2 but may potentially increase cost to 
· compensate the optical cable delay in the network and
· set up new site locations. 
Alternative 2: Introduce additional longer CP length without changing the major parameters

Additional longer CP length can be introduced by reducing the number of OFDM symbols on downlink and the number of long blocks on uplink per subframe. For example, by having only 5 OFDM symbols, CP length can be increased to 33.3 μs (256 samples with 7.68 MHz sampling frequency in 5 MHz system bandwidth cases) at the cost of increasing the CP overhead to 33.3%. This CP value seems the maximum value in practical sense, even though it is not able to fully support 50 μs delay. 
Alternative 3: Introduce additional longer CP length with changing the major parameters

A possible way to avoid too much overhead from longer CP length would be to reduce the subcarrier spacing, which results in increase of the useful symbol duration. There could be concern that the narrower subcarrier spacing than 15 kHz will not be robust to the Doppler. However, we may not need to worry about use of 64QAM at 350kmph and lower order modulations are less sensitive to the Doppler.
3 Conclusion
Noting that the repeaters with wide range of the optical cable delay values can be extensively used in some environments, we would propose for RAN1 to confirm one of the alternatives identified in section 2. 

In case either Alternative 2 or Alternative 3 is confirmed, we would be happy to provide additional numerology for further discussion. 









