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1. Introduction 

LTE supports both FDD and TDD for operation in paired and unpaired spectrum respectively. By inspection of the frequency bands E-UTRA is currently designed to operate in ‎[1], it can be seen that there is an overlap between spectrum used for FDD and TDD.   In certain frequency bands, the terminal will thus need to detect whether the cell is an FDD cell or a TDD cell since this is not alone given by the frequency band. One may also envision that this problem may become more relevant in the future if more frequency bands are to be supported. The present contribution aims at clarifying UE operation from duplex detection perspective.

2. Background

LTE FDD and TDD use the same primary and secondary synchronization signals. The positions of the synchronization signals in the frame structure are however different, see Figure 1.
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Figure 1 Positions of primary synchronization signal (PSS) and secondary synchronization signal (SSS) are different for FDD and TDD.

After detecting primary and secondary synchronization signals, the terminal can currently not tell the duplex mode of the cell. The terminal can then distinguish between FDD and TDD for example by

· Correlating the received signal with cell specific reference signals 

· Blind decoding of the physical broadcast channel (PBCH)

It may thus be noted that the synchronization signals alone does not provide frame timing in case that the duplex is not known
. In the following, we discuss some cases when this is needed.

3. Discussion

At initial cell search, duplex detection appears a minor issue and may be solved either way as indicated above. It is noted that in certain frequency bands, cell selection may simply take somewhat longer time since duplex needs to be detected.

Further, for wide area operation with TDD, synchronized operation and use of the same allocation of subframes to UL and DL are currently assumed in order to avoid interference between UL and DL, and then primarily eNodeB-to-eNodeB interference. For small isolated cells with low eNodeB transmit power, such as home eNodeBs, one could possibly envision relaxing such requirements. In theory it then follows that one could have LTE FDD DL on the same frequency as LTE TDD DL and UL. However our understanding is that this has not been discussed so far in 3GPP and it appears to be a rather special deployment scenario.  The common assumption must therefore be that an operator uses a certain frequency for FDD only or TDD only. From a terminal perspective, this then means once the duplex of one cell on a carrier is known, so is the duplex of all other cells. Hence when it comes to intra-frequency measurements for cell re-selection or handover duplex detection is not an issue unless a mix of FDD and TDD is to be supported on the same carrier.

When it comes to inter-frequency measurement, we note that according to ‎[2], the serving cell provides the terminal with carrier frequency information and bandwidth information for cell re-selection in idle mode. There are then two alternatives

· The terminal needs to detect duplex mode from the frame structure.

· The serving cell provides information about the duplex mode for inter-frequency measurements.

The second solution appears simpler from a terminal perspective given the current physical layer design. The first solution on the other hand may lead to a negligible reduction of signaling overhead and perhaps more importantly simplify the higher layer signaling design. At the same time, terminals must then have some form of duplex detection functionality.

In connected mode the terminal may be given similar information for inter frequency measurements, and given that the network keeps track of the terminals’ duplex capabilities, it may provide relevant information to the terminals. FDD only terminals then receive information only about FDD carriers and TDD terminals are instructed to measure on only on TDD frequencies. Dual mode FDD/TDD terminals on the other hand need to detect the duplex since they do not know whether the FDD or TDD is used on a certain carrier frequency.

To provide robust and efficient duplex detection, we believe that an efficient approach is to encode the duplex information in the secondary synchronization signal. More specifically, by using different  sequences for the secondary synchronization signals for TDD, duplex detection could be done at an earlier stage with marginal increase of complexity for dual mode terminals and no increase for FDD only or TDD only terminals. However, considering the completeness of the RAN1 specifications at the current stage, our preference is to avoid such a modification and thus  have the second solution in which the  serving cell provides also duplex information for inter-frequency measurements
An alternative way to enable duplex detection would be to consider the position of the primary synchronization signal in DwPTS, which may also have certain other benefits when it comes to reference signals and control signaling.  This is illustrated in Figure 2. The terminal can then detect whether the cell is FDD or TDD by considering the separation between the primary and secondary synchronization signal. This could be done in the same way as cyclic prefix length is detected.  Such a solution could enable duplex detection at an earlier stage then what is currently possible.  However, even if this is possible, our preference is to avoid the extra processing and adopt the solution in which the terminal is provided duplex information for the serving cell. 
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Figure 2  Relative positions of primary synchronization signal (PSS) and secondary synchronization signal (SSS) could be made different for TDD and FDD.

4. Summary

We would like to clarify the operation from a terminal physical layer point of view when it comes to dual mode FDD/TDD network operation.  More specifically it is proposed to make the following assumptions.

· At initial cell search only, the terminal can detect whether a cell is FDD or TDD.

· The UE can assume that a frequency is used for FDD only or for TDD only. The UE can perform intra-frequency measurements assuming the same duplex mode as the serving cell.

· The serving cell provides duplex information for inter-frequency measurements in both idle mode and connected mode.

 We further propose that the relevant working groups are informed about these assumptions.
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� For the case with normal CP, there is very small timing offset of 16 time units between PSS and SSS for FDD and TDD, and no difference for the case with extended CP.  
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