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1 Introduction

According to section 7.2.8.2.1[1], synchronisation and timing aspects for in-network coverage are expected to be discussed in RAN1#74bis.  

Within the above scope, the following agreement was made in [2].

Agreement:

· For inter-cell discovery, synchronous and asynchronous cells deployments should both be studied

· The following two options for inter-cell discovery can be considered, including their potential applicability in different scenarios

· By directly or indirectly achieving information about the other cell synchronization reference timing 

· By decoding/detecting asynchronous discovery messages/signals without necessarily prior knowledge of the associated message/signal’s synchronization

· The detailed solution is FFS

This contribution will focus synchronisation aspects for inter-cell discovery in the presence of asynchronous cell deployment.
2 Synchronous and Asynchronous LTE Cell Deployments:
Both synchronous and asynchronous cell deployments are supported in LTE. In case of synchronous cell deployments, cells use the same air interface timing whereas the air interface timing of serving cell is different from that of the neighbouring cell in asynchronous cell deployments. 
In the case of LTE-TDD systems, the base stations need to be time-aligned in order to avoid interference between adjacent cells.  In LTE-TDD cell deployment, timing offset between different cells should be within 3µs and 10µs depending on whether the cell radius is less than 3 km or greater than 3 km, respectively [3]. However there is no such requirement on inter-cell timing synchronisation in case of LTE-FDD and it is left to the network operator’s discretion.  Often the operators tend to deploy asynchronous LTE-FDD for simplicity. For cellular operation, UEs do not need to know whether they are operating in synchronous or asynchronous cell deployments because all UE-to-UE communications, inter-cell or intra-cell, are via the serving cell of each UE. However, in case of direct discovery, it possible that the two UEs participating in discovery belong to two different cells whose timing may or may not be time aligned. Irrespective of whether serving cells of UEs are time aligned or not, inter-cell discovery must be supported according to the agreement in [2]. 
There are two options for inter-cell discovery as discussed in section 1. Applicability of each of these option also depends on possible scenarios under which inter-cell discovery may take place. Number of possible inter-cell discovery scenarios could be identified based on [4] as below (see Figure 1).
· Scenario 1D: Both cells belong to the same PLMN. Each UE in its own serving cell’s coverage. In this case, it may not possible for either UE to sense the synchronisation signals of neighbouring cells.
· Scenario 1E: Each cell in different PLMN. Each UE is in the coverage of both cells.
· Scenario 1F: Each cell in different PLMN. UE1 is in the coverage of both cells whereas UE2 is in coverage of only one cell.
· Scenario 1G: Each cell in different PLMN. Each UE in its own serving cell’s coverage.
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Figure 1 some possible inter-cell discovery scenarios without relay extracted form [4].
 The LTE UEs are capable of finding neighbouring LTE cells by themselves. When at least one UE is in coverage of both cells, as the case in scenario 1E and 1F, that UE which is in coverage is able to directly obtain information about the neighboring cells synchronization reference timing as illustrated in   Figure 2.  In this case, UE1 is served by Cell 1 and it also detects the presence of a neighbouring cell, Cell 2, through neighbouring cell’s synchronisation signal.  The air interface timing observed by UE1 is also shown in Figure 2. In this case, UE1 can observe the timing offset between serving cell and its neighbor cell, To , by comparing the occurrence of periodically transmitted, with period Tp (=5ms  in cellular LTE)  synchronization reference signals (e.g. PSS/SSS) from each cell.  If To is greater than a certain threshold, Tth, (e.g. CP in cellular deployment) UE1 is in asynchronous LTE cell deployment. On the other hand, small observed timing offsets by UE1, for example less than the duration of the CP, means UE1 is in a synchronous cell deployment
. Having obtained the reference timing of the neighboring cell, UE1 may go on further  to find other relevant information such as Type 1 discovery resource allocation broadcast by Cell2 , thereby allowing UE1 to search, listen and response for discovery messages/signals  in Cell2.    
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Figure 2 A UE’s perspective of the nature of neighbouring cell synchronisation

Observation 1: A UE which is in coverage of both serving and neighbouring cells is able to directly obtain information about the neighboring cells system information for D2D discovery.
In scenario 1D and 1G, each UE is in its own serving cell’s coverage.  Under these scenarios, achieving information about the other cell synchronization reference timing and resource allocation for discovery is more challenging.  There could be two approaches in this case:

· To allow the serving cell to broadcast all information necessary for D2D discovery in the neighbouring cells. This approach allows less processing at the UE side. But it requires more overhead on the system information broadcast. 

· To allow the serving cell to broadcast limited information about the neighbouring cells’ D2D resources such as timing offset and frequency allocated for D2D discovery.  This approach requires higher processing at the UE side for scanning and searching. It also requires the design of discovery signal so that it can be decoded/detected without necessarily prior knowledge of the associated message/signal’s synchronization. Nevertheless, this approach is attractive as it requires less overhead on the system information broadcast and allows for a unified design for in-network and out of network D2D discovery and communication as discussed in companion contribution [5].
Proposal 2: We propose limited system information of neighbouring cell to be included in the serving cell D2D system information to reduce system information overhead and consider the design of discovery signal so that it can be decoded/detected without necessarily prior knowledge of the associated message/signal’s synchronization.

3 Conclusion

This contribution we focused on synchronisation aspects for inter-cell discovery in the presence of asynchronous cell deployment. Based on the discussion, following observation and proposal are made regarding synchronisation aspects.
Observation 1: A UE which is in coverage of both serving and neighbouring cells is able to directly obtain information about the neighboring cells synchronization reference timing.

Proposal 2: We propose limited system information of neighbouring cell to be included in the serving cell D2D system information to reduce system information overhead and consider the design of discovery signal so that it can be decoded/detected without necessarily prior knowledge of the associated message/signal’s synchronization.
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� Note that it is possible to observe small differences in timing between the serving and neighboring cells even in case of synchronous deployments because of the differences in distance between a given UE and its serving and neighboring base stations.





