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1. Introduction

From the last RAN1 meeting, various downlink multiple access proposals for evolved UTRA are under discussion, most of which are based on OFDM technique. In designing a downlink multiple access in a cellular network, time synchronization status between neighbour cells can be an important factor since the capabilities of a multiple access scheme, such as inter-cell interference mitigation may depend on the assumption of inter-cell synchronization status. Moreover, in the work plan of RAN evolution, it is agreed to make basic decisions on the use of macro diversity, which is closely related to the inter-cell synchronization issue, until December 2005 [1]. Therefore, this paper introduces the issues related to the inter-cell synchronization, and discusses some aspects to be considered further, especially based on OFDM techniques.

2. Inter-cell synchronization aspects

2.1 Benefits of inter-cell synchronization

(a) Inter-cell interference mitigation

( Frequency coordination

In the downlink of an OFDM-based cellular system, frequency hopping randomizes the inter-cell interference and reduces the inter-cell interference when the downlink frequency resources are not loaded fully. On the other hand, more aggressive inter-cell interference control is possible by avoiding overlap of the downlink traffic allocation between neighbour cells, which we call frequency coordination. Figure 1 illustrates an example of frequency coordination between neighbour cells. In this example, the total downlink frequency band in a cell is divided by multiple sub-bands, then, downlink traffic allocation to the sub-bands in each cell can be prioritized in such way that simultaneous transmissions on a same sub-band from the neighbour cells are minimized. Actually, frequency hopping and frequency coordination can be used simultaneously, e.g., frequency hopping can be applied within a sub-band group of the same priority in that example.
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Figure 1. Example of frequency coordination between neighbour cells

However, interference reduction effect by frequency coordination will be deteriorated if the downlink OFDM symbols from different cells are received in asynchronous timings. That is, if the OFDM symbols from neighbour cells are received with timing offsets larger than the guard interval, a subcarrier from a neighbour cell is not band-limited and causes inter-carrier interference (ICI) to the other bands. In figure 2, examples of interference caused to the 16 contiguous subcarriers by the asynchronous reception on the neighbour bands are shown. 
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Figure 2. Examples of interference caused by an asynchronous reception

If the downlink transmissions from the neighbour cells are synchronized within a guard interval, transmission on each subcarrier is band-limited within the subcarrier so that precise frequency coordination between neighbour cells is possible. Therefore, synchronized reception within a guard interval may provide benefits in the inter-cell interference reduction by frequency coordination between neighbour cells.

( Spreading

As another method for mitigating inter-cell interference, spreading techniques can be considered. By spreading, transmit power on each time-subcarrier bean is reduced so that the inter-cell interference can be reduced. Spreading may be performed by lowering channel coding rate or a simple repetition of channel-coded symbols. However, spreading by repetition and applying spreading codes with good correlation properties may improve the interference reduction performance. Especially, if the downlink transmissions between neighbour cells are synchronized within a guard interval, inter-cell interference can be reduced further by using orthogonal spreading codes such as Hadamard codes. Therefore, synchronized reception within a guard interval may provide benefits in an interference reduction by spreading.

(b) Macro diversity

For a UE in a border of multiple cells, macro diversity gain can be obtained by neighbour cells being capable of transmitting the same data to that UE. Soft combining and selection diversity may be considered as candidates for the macro diversity scheme in the downlink of a cellular network.

( Soft combining

In an OFDM-based downlink, the same data transmissions from neighbour cells can be considered as multipath components if those transmissions are received within a guard interval, therefore diversity gain of soft combining can be obtained without any additional functionality or complexity of a UE demodulator.

( Selection diversity

For selection diversity, UE should be able to separately decode the same packets transmitted from different cells, then, it can choose a packet that is decoded successfully. Instead of simultaneous transmission from neighbour cells, dynamic cell switching by fast feedback from a UE is also possible. Diversity gain from dynamic cell switching may be diminished depending on the delay caused by UE feedback and asynchronous frame timing between neighbour cells. In any cases, certain level of synchronized reception from the neighbour cells will be required to reduce the layer 1 delay.

(c) Cell search

When the downlink transmission timings between neighbour cells are synchronized, cell search time for a handover can be reduced significantly. For example, if the downlink frame timings between neighbour cells are synchronized within several OFDM symbols, a UE can find out the frame timing of a neighbour cell   by searching only several frame timings possible within that asynchronous level after finding out the symbol timing. In addition, if the downlink symbol timings between neighbour cells are synchronized, a UE may find out the symbol timing of a neighbour cell with a small search window which is already used in the synchronization for the downlink data reception from the existing serving cell. 

2.2 Limits of the inter-cell synchronization

For the inter-cell synchronization, an external source of time reference, such as GPS, is necessary. However, actual level of synchronization at a UE side will be different depending on the UE position since the propagation delay will be different depending on the UE position. When precise inter-cell synchronization of transmission timing is assumed, the theoretical maximum level of the asynchronous reception is equal to the propagation delay between cell sites. Table 1 shows propagation delays corresponding to typical cell site distances.

Table 1. Propagation delays with typical cell site distances

	Cell site distance
	1 Km
	2.8 Km
	10 Km

	Propagation delay
	3.33 usec
	9.33 usec
	33.33 usec


Practically, the UEs that can obtain benefits from the inter-cell synchronization are likely to be in a cell boundary area, so, the actual uncertainty in the time synchronization due to the propagation delay can be considered much smaller than the maximum propagation delay derived from the cell site distances. When we assume, e.g., 10 usec guard interval, in case of 1 km and 2.8 km cell site distances, the 1st paths from neighbour cells may be guaranteed to be received within the guard interval for the most UEs in a handover area if the transmission between neighbour cells are synchronized within a few micro seconds. However, in cases of cell site distance larger than those typical values, it will be difficult to achieve a synchronized reception within a guard interval even though the transmission timings are synchronized. Moreover, precise synchronization of transmission timing between neighbour cells may be difficult in a certain environments such as an underground case. Therefore, downlink access scheme should be designed to support inter-cell asynchronous environments even though the optimisation can be done to the inter-cell synchronous environment.

3. Conclusion
In this paper, possible benefits with downlink inter-cell synchronization are discussed. Inter-cell synchronization in downlink may provide benefits in the control of inter-cell interference, macro diversity and fast cell search. However, precise synchronization may not be achievable in all the cell environments, so, the evolved RAN should support inter-cell asynchronous environments even if the inter-cell synchronization is introduced. Therefore, the benefits and costs of the inter-cell synchronization should be discussed further. In the work plan of RAN evolution, we are supposed to make basic decisions on the multiple access schemes and macro diversity, which are related to the inter-cell synchronization issue, until December 2005. Therefore, we suggest to open the discussion on the inter-cell synchronization in RAN1.
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