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0 Abstract

For Handover to a new UMTS cell, the UE must determine the SFN (or CFN) of the target cell before being able to start useful communication. However, assuming a single synthesiser UE, this is not possible during the idle frame periods offered by GSM or during compressed mode provided by FDD, if the SFN is coded as presently envisaged. 

In the following we are showing, that the whole SFN cannot be obtained during connected mode. We will further investigate, how many bits of the SFN are actually necessary to start communication with the new cell. 

In Chapter 2 we are proposing a modified coding scheme of the SFN as a scheme for further study, which is anticipated to allow the detection of a reduced SFN (rSFN) (as a part of the SFN) in the available search window. Here some kind of repetition of the relevant part of the SFN is applied.

Finally the advantages and a short survey are given in chapter 4.

1 Introduction
For Handover to a new UMTS cell, it is necessary for the UE to determine the frame-timing of the target cell in order to receive and transmit data at the correct time. For that purpose a kind of cell search, similar to the initial cell search has to be conducted by the UE. If the handover happens on the same frequency (typically a soft handover) then the synchronisation can be performed in parallel to the reception of data from the current cell. But if the handover has to be performed on an other frequency or from an other RAT, then only short gaps are available for synchronisation. These gaps can be realised by compressed mode (FDD), by making use of unused timeslots (TDD) or by using the idle frame period (GSM).

It has been shown by simulations [1], that it is possible to perform first, second and third stage of the cell synchronisation procedure also during available gaps, when not an entire 10 ms frame can be observed but only a fraction of that time. This fact was also communicated in a LS [2]. However, during discussion of this LS in San Diego it became clear, that these simulations only covered how the UE can determine the frame timing modulo 10 ms, i.e. the UE only knows the frame borders but has no information about the current frame number of the target cell.

During the initial cell search this frame number is determined by reading a system information block (SIB), which is broadcast on the BCH channel. However, as this information is interleaved over 20 ms it would be necessary to read an entire 20 ms TTI length. As even the SFN modulo 2 is unknown at this stage, a time window of at least 30 to 50 ms is required (see chapter 4). This is easily possible during initial cell search, when the UE does not have to maintain an existing connection. But in the interfrequency handover case, the UE operating in connected mode finds no way of obtaining the target cell’s SFN without discarding the current connection. 

2 Required knowledge of the CFN/SFN for Handover

In order to decode the BCH in the right way only the knowledge of SFN modulo 2 would be necessary. But for decoding the DCH in the target cell, the TTI information can only be derived knowing the CFN or equivalently the SFN modulo 8: The handover command described in [3] provides an activation time for the handover procedure. This activation time can be by default now or any CFN value. Additionally the CFN is part of the ciphering in transparent mode. As a result the CFN is the minimum requirement to know for a successful handover.

The offset between the SFN and the CFN of the target cell’s DCH is conveyed by the handover command. The knowledge of the SFN mod 256, which will be called reduced system frame number (rSFN), is sufficient for the handover, so not the entire SFN has to be decoded in advance.

3 Reading the reduced system frame number (rSFN) within an available 
   window

In UMTS the compressed modes method delivers a transmission gap length of about 14/15*10msec. But this amount does not suffice for a the decoding of a 20 ms interleaved BCH System Information (SI), which contains the SFN. The idle frame in GSM provides a gap of about 5 ms only. This value seems to be the lower bound for decoding the rSFN.

Because the data on the BCH are encoded in a redundant way, it is not strictly speaking indispensable to read the entire 20 ms duration. The data are encoded using a rate 1/2 code, so reading a 10 ms segment would still allow to decode the SFN information, at least under good channel conditions, because it corresponds to rate 1 coding. This is valid, because the SFN number consisting of 11 bits is placed at the beginning of a TTI, so no "history" of the convolutional encoder need to be considered.

In order to decode the rSFN within a window of 5 ms a higher coding rate (for example repetition) would be necessary for the 7 bits. Figure 3 depicts a possible modification of the SFN transmission. The first 7 bits are extended to some 24 bits, whereas the remaining bits of the SFN stay unchanged. This repetition to about 24 bits should make it possible to decode the rSFN at any bit timing in an unambiguous way within a 5 ms search window.
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Figure 1: Example of modified SFN coding allowing rSFN decoding

4 Advantages

Knowledge of the SFN, at least modulo 8 or modulo 256, is essential before useful communication can commence after a handover. However, currently this information seems impossible to be obtained during handover preparation i.e. using measurements done during available measurement windows. Then this essential information has to be obtained during handover i.e. after breaking the old link and before starting to establish the new link. More specifically, before of establishing the new link at least one system information has to be decoded. Because only the 10 ms frame raster is known, but the BCH is interleaved over 20 ms, it is necessary to allocate worst case 50 ms for the decoding of the frame number. Theoretically 30 ms could also do, but this would be against the normal processing flow of the deinterleaver, see the following figure 2. This period will of course increase the handover execution time, if the SFN cannot be obtained during handover preparation.
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Figure 2: BCH decoding without knowledge of SFN modulo 2 using two decoding attempts

The situation is even more complex if an activation time is specified. In this case, the UE is supposed to only start the activation of the new link at the specified time. However, before switching to the new cell and reading the BCH, the UE does not have an awareness of the target cell timing. So the only thing the UE can do is to switch immediately to the new cell, read the BCH and then possibly idle for an extended time period, until the activation time is reached and only then activate the new link. This can cause an extended gap during the handover.

With the proposed scheme the UE is able to determine the SFN in advance and can therefore avoid the above mentioned delay in the handover execution. While this may not be crucial for packet oriented services, it would enhance the performance for real time services.

5 Conclusion

We have shown that without getting pre-knowledge of the target cell’s SFN/rSFN a delay of the handover execution of up to 50 ms will be caused. If an activation time is specified, the delay will be even larger. This delay must either be taken into account for the performance requirements, or the coding of the SFN has to be enhanced to make it possible to decode it already during the handover preparation stage.
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