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1 Introduction

UTRAN repeaters have a frequency stability requirement of 0.01 ppm. This contribution investigates the system impact of maintaining this requirement also in E-UTRAN. It is part of the LTE repeater WI efforts.
2 Background

In UTRAN, the frequency stability requirement can be seen a an indication that frequency translating repeaters are not allowed. The actual requirement corresponds to a Doppler speed of approximately 11 km/h. However, the repeater does not recede in the same scattering environment to be expected in the case for UE, and thus the impact on the received spectrum for the BS is different than that resulting from an actual movement of the UE at the corresponding speed. In figure 1 it can be seen that a movement of the UE towards the BS would result in signals with positive Doppler shift on the dBSdirect path and simultaneously it results in negative Doppler shift on the dBSmaxpath path (since it moves away from the reflecting object). 
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Figure 1.
schematic signal paths (UL). The signal paths for DL are approximately reciprocal.
3 Introducing repeaters

The repeater frequency shift on the other hand is the same for the signals on paths dRepeaterdirect and dRepeatermaxpath and it is added to the Doppler shift of each of these signals as they leave the repeater on the dBSdonor path towards the BS. Hence the repeater in reduces the maximum allowed Doppler speed of the UE by the corresponding Doppler speed of the repeater frequency instability. Very fast frequency variations show as phase noise which impacts EVM and are disregarded in the further discussions in this paper.
4 E-UTRAN Doppler shift sensitivity
OFDM is sensitive to Doppler shift due to that the frequency spread reduces the orthogonality of the frequencies. Since the frequency spread is twice as much for moving mobiles as it is due to the frequency instability (as described above), and even less if the repeater path is dominant over the direct path (or vice versa), the requirement on the repeater frequency stability can be relaxed by 50% with equal system impact. On the other hand, it is possible to make repeaters with very small frequency shift in the longer time scales (ms and onwards) and it seems reasonable to minimise the negative impact to a level where it is negligible.
In RAN44-bis a maximum Doppler shift of 300 Hz was agreed [1], corresponding to a Doppler speed of 122 km/h (operating band 7) to 387 km/h (operating band 5).
The repeater frequency stability requirement in UTRAN corresponds to approximately 10% of the lowest maximum Doppler speed. It also corresponds to 10% of the allowed frequency uncertainty of the E-UTRAN UE according to [1]. 

5 E-UTRAN frequency stability requirements

It is proposed to require frequency stability of 0.001 ppm in UL and DL for the E-UTRAN repeaters. This corresponds to 1% impact which can be considered negligible.

6 Conclusion

OFDM is sensitive to Doppler shift. The Repeater frequency stability affects the maximum Doppler shift allowed negatively. The UTRAN repeater requirements are insufficient for the E-UTRAN.
The new requirement proposed is 0.001 ppm.
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