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1. Introduction

In the last RAN plenary meeting in Hainan, the LTE study item schedule remained with the target date for June 2006. In order to enable study item finalisation, inputs are needed on various sections for TR 25.912. Following the distribution of responsibilities for drafting as suggested by the TSG RAN WG1 Chairman, this contribution presents the text proposals for the section on network synchronization in TR 25.912.  Even though the original allocation for the responsibility for this section was allocated to TSG RAN WG3, it was indicated by the raporteur that WG1 might be after all the most suitable groups for this.

2. Discussion
During the discussions in TSG RAN and WG level, it has been agreed to have as a requirement that [1]:
“It is expected that the system performance requirements defined in this TR should be achieved in a network deployment not using any inter-site time synchronization. However optimizations based on inter-site time synchronization should be supported provided these bring sufficient benefits”

Thus the following aspects are proposed to be covered in the text:

· General network synchronisation

· The basic assumption being that network is not synchronised in case of FDD and in case of TDD the network is synchronised though not necessarily as tightly as in case of MBMS multi-cell reception. For the handover purposes there are no additional synchronisation requirements as the handover is always a hard handover (between sites)
· The cell search scheme is designed in such a way that cells do not need to be synchronised. This is necessary as even if synchronised networks are assumed, there may be border regions between synchronised networks, and cell search must be possible there as well.
· With TDD this is being motivated by the necessity for uplink/downlink alignment to avoid cell edge problems. Otherwise a terminal transmitting at the same carrier (or even the adjacent carrier in some cases) will block the reception of a TDD terminal aiming to receive downlink at close proximity to the interfering terminals. Also Interference from BS transmissions, if at the same time a neighbouring BS receives, may be serious, particularly as BS does not move so no averaging effects apply.
· With FDD one could consider some of the inter-cell interference mitigation methods being proposed also requiring network synchronisation. But as that has not been shown to have a big impact over the methods not requiring synchronisation, it is not covered in details in the text proposal. 

· MBMS synchronisation requirements

· This has been addressed in various papers and it is reflected in WG1 TR that multi-cell reception assumes synchronisation (and this has been the assumption in the MBMS simulations in the TR currently).
· This being motivated by the fact that with OFDM downlink the receiver has practically no extra complexity for combining energy from synchronised sources while a requirement to combine non-synchronised data stream would mean multiplication of part of the receiver resources.
· If a separate carrier is used for MBMS then fewer sites with higher transmit power can be used and therefore fewer sites need to be synchronised
· Uplink timing synchronisation

· The LTE uplink being synchronised within one cell
· This needed in order to allow TDMA/FDMA component (as alignment of the frame timings over the whole uplink resource is beneficial) in uplink resource division (without excessive “guard intervals” between different transmissions). This requires the use of “timing advance” in UTRAN LTE as well.

· Downlink transmissions from single eNode B having several sectors are synchronised and may be combined

· In this case, there is no additional burden for the receiver in the terminal as long as the reference symbols are identical as well
· Synchronisation methods

· For TDD case one can consider solutions like cables etc in addition to the external source based on .e.g. satellite based timing source (Galileo, GPS, etc….)

· Synchronisation has also been shown to be possible without external sources or cabling, by observation of neighbour cell signals by UEs [2]. 

· Handover impact to synchronisation

· As we are having hard handover, similar timing measurements as in UTRAN (FDD) are not needed as we do not need to have time alignment of the old and new cell transmissions as for soft handover.

3. Text Proposal for 25.912 section 13.9
13.9 Network Synchronisation
The E-UTRAN design principle has been the use of an asynchronous network in case of FDD operation i.e. in general case, tight inter-cell synchronisation is not required to provide good system performance and synchronisation is not assumed in any basic procedures like cell search, though some of the proposed methods for inter-cell interference mitigation assume synchronisation.

However, for the special case of providing  multi-cell MBMS/Broadcast service  there is a clear gain with tight inter-cell synchronization as this allows for an efficient and low-complexity combining of multiple cells.. In the case of allocation of a separate carrier for MBMS, fewer sites can be used for MBMS and only those sites that are part of MBMS SFN need to be synchronised.
Furthermore, in case of TDD mode of operation, the network is expected to be deployed with tight inter-cell synchronization, similar to the UTRAN TDD mode of operation in order to avoid UE to UE (and BS to BS) interference. In this case the timing requirements might not be as tight as with the MBMS multi-cell reception, with the details depending on solutions derived.
In the uplink direction timing advance is assumed to be used, thus effectively synchronising the signals received from the terminals inside one cell as observed at the Node B. This allows to make use of a TDMA/FDMA component in uplink for resource division (without excessive “guard intervals” between different transmissions).The exact requirements for this synchronisation would be related to the physical layer parameterisation, mainly the duration of the cyclic prefix in the uplink direction. 
The synchronisation methods for consideration are external timing sources like .e.g. satellite based timing source (GNSS) or then one could consider various methods, especially with TDD, of  “self synchronisation” similar to the methods that have been discussed in 3GPP during UTRAN TDD development. Synchronisation techniques could also use the observation of neighbour cell signals by UEs. More studies are required for the assessment of synchronisation techniques.
The handover in E-UTRAN is a hard handover and has not been identified to be causing any additional requirements to the timing synchronisation between sites. Frequency synchronisation is helpful though to avoid drifting of relative timings and ease neighbour cell acquisition. This does however not necessarily require any explicit synchronisation but is implicitly provided by a good BS frequency stability as already used e.g. in GSM or UMTS.
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