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1 Introduction

During the last RAN 1 meetings using an OFDM‑based radio access in the downlink has become apparent to be the most promising candidate for EUTRAN. However for the uplink the decision seems to be more difficult. The most promising candidates in our view are single carrier modulation schemes. 

The orthogonally of the sinc-shaped sub-carrier spectra is very sensitive to frequency synchronization errors, which cause inter-carrier interference (ICI), and to time synchronization errors, which cause both inter-symbol (ISI) and inter-carrier interference. Therefore synchronization in both frequency and time is highly desirable, both within a cell and between cells.

In order to achieve the highest system performance, the way of operating NodeBs and UEs is the synchronized mode. Therefore we describe a simple and reliable method not requiring any external synchronization source (e.g. GPS) and the procedure can be summarized as follows:

· Like in WCDMA the UEs synchronize themselves to the DL

· Afterwards NodeBs are synchronized among each other via synchronization over 
terminals over the air
Due to the fact, that this synchronization scheme neither requires access to an external synchronization source (like. GPS) nor direct inter NodeB communication over the air, it is particularly applicable for small indoor NodeBs which cannot “hear” external signals. 

2 Principle

The proposed synchronisation method comprises two steps. In the first step, the intra-cell synchronisation is achieved. Based on a synchronization signal sent by all NodeBs in DL, each UE identifies the NodeB received with strongest signal level and synchronises to it, by adjusting its oscillator and timing which is a similar procedure like the synchronization in WCDMA. In this way all UEs within a cell become synchronised with the NodeB and consequently with each other.
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Figure 1: Proposed Synchronization Concept

In the second step, the inter-cell synchronisation is obtained. Each UE continues to listen to the pilot signals sent by all adjacent NodeBs, measures the relative time and frequency offsets with respect to its own NodeB and signals this information to its own NodeB. Each NodeB then adjusts its clock and its oscillator according to the offset measurements signalled by all the UEs within its cell.

Due to the propagation delay between the NodeBs and the UE the time offset measurement at the UE is affected by an error. Let us indicate the delay between the UE and the NodeB1 with e1 and the delay between the UE and the NodeB2 with e2. If the actual time offset between NodeB1 and NodeB2 is Δtsync, the time offset measured at the UE is Δtmeas= Δtsync+e2-e1. 

For UEs close to the cell border, the estimation error e2-e1 tends to zero. Moreover, since the NodeB considers the time offset measurements provided by all the UEs within its cell, the error is mitigated.

Compared to indirectly synchronising a specific NodeB with other NodeBs where the resulting measurement error is e2+e1, e.g. if a synchronisation signal is sent in UL by all UEs and the time offset measurement is carried out at the NodeBs itself, with the proposed method the measurement estimation error is negligible for medium and small cells.

3 Simulation Results

Intra‑cell simulation results show that frequency synchronisation between UEs and their NodeB can be achieved in about 20 frames with an accuracy of 0.5 % of the sub-carrier spacing, and time synchronisation can be obtained in about 10 frames with remaining time offsets of 8% of the guard interval.

In inter‑cell simulation results using short range scenarios, both frequency and time synchronisation can be achieved after about 20 frames with remaining frequency offset of 1% of the sub-carrier spacing and time offset of 10% of the guard interval, respectively. In wide area scenarios, a drift of the NodeBs timing is observed due to not negligible errors in the time offset measurements caused by the propagation delay. To correct this a slightly slower convergence is expected.
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Figure 2: Inter‑cell simulation results (300 m cell radius)
4 Conclusion

· With the described synchronization concept even indoor cells can be efficiently synchronized

· Synchronization procedures, which do not need an external synchronization source should be investigated

5 Proposal for TR 25.814

We propose to add in the table of contents of TR 25.814 section "7.1.2.6 Synchronization procedures" and investigate there methods for EUTRAN synchronization.
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