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1 Introduction
In E-UTRA TDD mode coexistence approach 2 (0.5ms sub-frame structure), it is assumed that the synchronization signals used are the same as those used in E-UTRA FDD mode.  In order to have common synchronization signals for both E-UTRA TDD and E-UTRA FDD modes, certain requirements must be placed on the design in terms of the sub-frames occupied.

An E-UTRA TDD mode frame consists of both uplink and downlink sub-frames.  It is envisaged that for maximum flexibility, any sub-frame within the frame may be configured as uplink or downlink according to system requirements.

It is clear that a TDD system cannot transmit downlink synchronization signals on an uplink timeslot, and hence, if one were to allow for all possible UL/DL framing configurations, it could be concluded that the synchronization signals should exist on a single downlink sub-frame per frame if a common signal structure were to be used for both FDD and TDD modes.  In contrast, if the synchronization signals were designed to extend over multiple sub-frames for the paired system, some incompatibility could be experienced when trying to use the same signal design for unpaired systems and hence use of a common signal structure may be precluded.  This situation is shown in Figure 1.
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Figure 1 - compatible and incompatible constructions of E-UTRA synchronisation and broadcast channels

The structure in frequency of the DL sync signal has been treated for example in [1].  In terms of the time domain structure, [1] mentions that the SCH and BCH should be time multiplexed and transmitted one or multiple times every 10ms.  Other recent documents have also suggested the presence of the DL sync signal on multiple sub-frames per frame.  For example, in [2] it is suggested that in order to allow for time multiplexed inter-RAT measurements of E-UTRA from other systems such as GSM, the synchronization signal should be repeated within the E-UTRA frame at least every 4.615ms and should preferably be evenly spaced.  This results in a minimum requirement of a DL sync signal transmission every 5 sub-frames.
However, if the synchronization signal structure is to be common between paired and unpaired E-UTRA systems, the impact of the requirement to transmit DL sync e.g. every 5 sub-frames on the flexibility of DL/UL framing configurations for the unpaired mode should be considered.
Such a situation is shown in Figure 2 in which the DL sync signal is transmitted every 5 sub-frames (highlighted yellow).  Due to this fact, if a switching point (DL(UL) is to be inserted following a DL sync sub-frame, it must always be accompanied by a partnering (UL(DL) switching point before the next DL sync sub-frame is transmitted.  Some possible locations for DL/UL and UL/DL switching points for the unpaired mode shown in the examples for 8, 6, 4 and 2 switches per frame.
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Figure 2: TDD frame structures with DL sync transmission every 5 sub-frames
The presence of the DL sync every 5 sub-frames places some restrictions on the framing possibilities, particularly in terms of possible UL/DL asymmetries.  For example, if we look at the maximum and minimum number of uplink sub-frames per frame, we find (in Table 1) that:
Table 1: Min/Max UL sub-frames per frame, DL sync every 5 sub-frames
	Number of switching points per frame
	Min UL sub-frames per frame
	Max UL sub-frames per frame

	8
	4
	16

	6
	3
	12

	4
	2
	8

	2
	1
	4


As can be seen, for a high number of switching points per frame, a good range of UL/DL asymmetries is possible (4/16 through to 16/4).  However, for a lower number of switching points per frame (for example 4) we find that the possible range of UL/DL asymmetries becomes restricted (2/18 through to only 8/12).  In other words, it becomes difficult to deploy a non-DL-biased system with a small number of switching points per frame.
In order to support low latency, it is likely that there will in any case be several switching points per frame (8 or more may be common) in which case the placement of a DL sync signal every 5 sub-frames would not cause a problem.  However, it should be borne in mind that for TDD systems there is a trade-off between the frame efficiency and the number of switching points (i.e. latency), especially for larger cells.  As such, in some circumstances or deployments it may not be desirable or possible to implement a large number of switching points per frame and in these cases, rather severe restrictions are observed in terms of the possible UL/DL asymmetries when the DL sync signal is placed every 5 sub-frames.

It is appreciated that other systems would need to be able to make inter-RAT measurements of the LTE system.  However, these could be accomplished in ways other by time multiplexed measurement.  Considering the size and cost of a typical GSM receiver, it is conceivable that a common dual-mode GSM/LTE UE implementation would use parallel GSM/LTE receivers and in this instance the requirement for the LTE DL sync signal to be repeated every 4.615ms becomes less important.  Alternatively, LTE search algorithms based on time multiplexed measurements could be found which do not rely on the presence of at least one DL sync instance per measurement occasion.
Looking at what can be achieved, we consider instead the case in which DL sync is transmitted twice per radio frame (every 5ms).  In this case, the equivalent of Table 1 becomes as shown in Table 2:
Table 2:  Min/Max UL sub-frames per frame, DL sync every 10 sub-frames
	Number of switching points per frame
	Min UL sub-frames per frame
	Max UL sub-frames per frame

	8
	4
	16

	6
	3
	17

	4
	2
	18

	2
	1
	19


As can be seen, this results in far less restriction of the possible UL/DL asymmetries.  Note however that a DL sync transmission every 5ms does not guarantee reception of an LTE synchronization signal at a GSM receiver within a GSM frame.
2 Conclusion

It is desirable to utilise the same DL synchronisation signal structure for LTE paired and unpaired systems.

Within this document, some considerations in terms of the placement and number of occurrences of the LTE DL sync signal have been described in terms of compatibility with an LTE system running in unpaired spectrum.
It is observed that a requirement to transmit the DL sync signal 4 times per radio frame can lead to undesirable restrictions on the unpaired framing structure and possible UL/DL asymmetries, especially for lower numbers of switching points per frame.  Reducing this DL sync signal frequency to 2 times per radio frame overcomes most of this restriction.  Preferably, for maximum flexibility and minimum overhead, the DL sync signal would occur only in one sub-frame per frame.
As such, it is recommended that impacts on the freedom of assignment of sub-frames as UL or DL should be considered during the design of the LTE DL synchronisation signal if a common structure is to be assumed for paired and unpaired modes.
The requirement to transmit the DL sync signal at least every 4.615ms in order to facilitate time multiplexed inter-RAT measurements of LTE from a GSM terminal should perhaps be reconsidered in light of the small cost of a parallel GSM receiver in such a dual mode GSM/LTE terminal.  Alternatively, other LTE search algorithms for terminals supporting legacy systems such as GSM could be investigated which do not require the presence of an LTE DL sync signal in every time-multiplexed measurement occasion.
Finally, it could be possible to configure different numbers of DL synchronisation channel instances per frame, although the ability of a terminal to detect which pattern is in existence would need to be studied.
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E-UTRA TDD mode is not able to transmit DL synchronisation and broadcast signals in UL timeslots hence the FDD sync and broadcast signals cannot be common with E-UTRA TDD mode with the illustrated sync and broadcast structure
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