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1 Introduction
Relays have been identified as one technology which can enhance the performance of LTE-Advanced system. For any type of relay, if it needs to have its physical cell ID, this ID needs to be configured. Currently 504 unique physical-layer cell identities are supported in release-8. However with the introduction of relays into LTE-A the number of cells required will increase dramatically.  Without careful planning, it is entirely possible that a UE will observe multiple cells that have the same Cell ID.  This collision will significantly impact the performance of the network with relays.  
To solve this problem we see two possible solutions

1) Cell Identity space extension
2) Low collision reuse of the existing cell ID space
In this contribution, we will discuss these solutions. 
2 Cell ID space extension - increasing the number of Cell IDs

In this option the cell ID space is increased beyond the 504 presently existing.  These could be increased by several means, such as introducing more viable combinations in the SSCH, increasing the number of scrambling sequences, or by extending the PSCH space [3]

 REF _Ref221330539 \r \h 
[4]

 REF _Ref221330540 \r \h 
[5].  

This, however, is not backwards compatible as release 8 UEs will not be able to detect these cells, and thus these additional Cell IDs can only be used by LTE-A UE. As a result the release-8 UE cannot enjoy the benefits of relays.  According to 36.913[1] it is preferable for relays to be backwards compatible.
3 Low Collision reuse of the existing cell IDs

In this option we introduce some self optimizing features to the relay cell ID selection. This way the network can accurately determine when Cell ID collisions would occur and avoid them automatically.  We consider two flavours of this self optimization. Relay aided and UE aided, depending on what additional feedback is used.  These two schemes are not mutually exclusive in that feedback from both UEs and Relays could be used simultaneously.  
3.1 Relay aided Cell ID selection 
During the initial network entry of a relay node, it has an opportunity to perform cell selection in a way very similar to a UE.  During this time the relay can monitor the signal from all surrounding eNodeBs/relays.  After a sufficient amount of time (to compensate for fading) the relay can feed back a list of candidate Cell IDs to its donor cell.  This donor cell can then decide which cell ID this relay should use for transmission based on the fed back list as well as additional available information.  Benefits of this approach include significant reduction in cell collision, as well as a significant simplification of the cell planning process. 
3.2 UE aided Cell ID selection
It is possible that a relay could not observe neighbour cell while a UE which would be potentially served by it can.  This is commonly known as the hidden node problem in Wi-Fi terminology.  To deal with this problem LTE-A UEs could feed back some additional information to help with the cell ID selection.  This information, along with that given by the relay, can be used by the donor cell to determine the best Cell ID for the relay.
4 Conclusion

The introduction of relays into LTE-A will dramatically increase the demand for cell IDs.  To deal with this issue we have proposed two possible solutions.  Balancing complexity, and LTE-A requirements we feel that the simple relay cell ID selection proposed in 3.1 is sufficient to offset this increased demand.
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