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Enhancements of Handover Performance

1 Introduction

There are a number of situations where the MS may observe more than one cell using the same BCCH frequency but different BSIC, e.g. on bridges over water or motorway crossings. A MS is required to detect and decode the BSIC “as often as possible but at least every 10s”. In the measurement reports, sent every SACCH block period (480 ms), the average of a number of RXLEV measurements is included, assuming that all signals on the same frequency originate from the same cell. 

However, in the cases mentioned above, a correct handover may be prohibited due to inability to discriminate between the sources. The MS is reporting the total signal level at a certain ARFCN, not the signal power from a specific BTS, see figure 1.
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Figure 1 RXLEV measurements with existing BSIC decoding
Hence the signal strength from the serving cell compared to the neighbouring cells may be overestimated or underestimated and a handover may occur too early or too late to sustain the call. Moreover, if BSIC and signal strength measurements are not correctly matched, the relative signal strength from the different neighbour cells may be incorrect, resulting in incorrect ranking of handover candidates and a handover attempt may be made to the wrong neighbouring cell. This problem will be accentuated if the available spectrum is small and tighter BCCH reuse is required. It will also be most severe for fast-moving MS and those experiencing rapidly changing radio conditions for other reasons, e.g. turning corners in an urban environment. The slow BSIC-based method is particularly limiting in these instances and they are over-represented in dropped call statistics from live networks.

Accurate and reliable handover performance is especially important in state-of-the-art GSM/EDGE networks employing Fractional Load Planning (FLP) with very tight frequency reuse, e.g. 1-reuse. The close proximity of many strong interferers means that being on the strongest serving cell at all times is essential. Particularly given the absence of soft handover, changing to the right cell at the right time is critical to optimizing overall network performance.

2 Current MAHO measurement procedures

2.1 Description

Which base stations to measure is determined by a cell specific neighbour cell list called the BA list that is sent to each mobile from the network. The BA list contains the BCCH frequencies of neighbouring base stations to which a mobile in a given cell could perform cell reselection or handover.

In the current method of performing neighbour cell measurements in GSM, the MS measures the Link Quality (LQ) of neighbour cells as received signal strength (RXLEV) on that cell's BCCH frequency in time slots between uplink transmission and downlink reception. The neighbour cell is identified by decoding the Synchronisation Channel (SCH), which includes the BSIC. The BSIC comprises the PLMN Colour Code (NCC) and the Base station Colour Code (BCC). It is required that the MS decodes BSIC at least every 10 seconds for that cell to be considered as a handover candidate. RXLEV measurements from the 6 strongest base stations in the BA list satisfying this criterion are included in each measurement report together with their broadcast frequencies and BSICs.

2.2 Drawbacks

The current neighbour cell measurement procedure has several significant drawbacks. Most significant is the fact that the BTS is not identified for every LQ measurement. When RXLEV is measured on a certain frequency, it is the sum of all signals that is measured; if there are several nearby base stations using that frequency, the contribution from each one cannot be isolated. When the mobile attempts to decode BSIC of a neighbour cell which is no longer the strongest on that BCCH frequency, either it will succeed in which case the total RXLEV will be incorrectly ascribed to the base station with that BSIC, or it will fail due to low C/I caused by the multiple use of the frequency in which case the measurement will be discarded, even though the cells using the frequency may be important cell reselection or handover candidates. If a new BSIC on the frequency is detected, all previous RXLEV measurements will be discarded and a new averaging period will be commenced even though the previous BSIC may belong to a cell that is still an important cell reselection or handover candidate. 

A second shortcoming is that the RXLEV measured and reported to the network is the sum of all neighbour cells sharing the same BCCH frequency. Rather, it would be more correct to measure and report the carrier strength of an individual neighbour cell.

A third drawback with the current method is the slowness of the neighbour cell measurement reporting process; measurements for a neighbour cell cannot be reported until its BSIC is decoded. Especially for fast moving MSs, the slowness of the neighbour cell measurement reporting may lead to handover to an incorrect BTS or a delayed handover, and thus result in a dropped call. 

3 Proposed modification

3.1 Description of method

The basic idea is to make it possible to identify the neighbour cell BTS by its BSIC information simultaneously with Link Quality (LQ) measurements (e.g. signal strength) on all bursts on the BCCH carrier, see figure 2.
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Figure 2 Proposed Simultaneous SS estimation and neighbour cell identification
 It is assumed that it is sufficient to detect the base station colour code (BCC) in the measurements between complete BSIC decoding. The MS can then be ordered by the network to use this possibility when required.

The BCC of a specific neighbour cell can be detected in all bursts on the BCCH frequency from the training sequence that is transmitted by that neighbour cell BTS. In order to do this, the TSC must be tied to the BCC in a known manner. Preferably the TSC should be equal to the BCC. The LQ measurements according to the proposed method are done as often as for the current method. The difference is that each measurement can now be tied to a specific neighbour cell because of the simultaneous identification of the TSC.

To enable measurements on all bursts on the BCCH frequency, including dummy bursts, it is proposed to allow the use of dummy bursts with the same training sequence as normal bursts on the BCCH carrier, i.e. use a TSC equal to BCC on all timeslots (except SCH and FCCH bursts). Basically the existing dummy burst format will be used only if needed to solve problems in connections with legacy MS according to chapter 5.

A modification of the neighbour cell measurement method, which requires the least changes to the standard, is to employ the proposed method with simultaneous detection and LQ measurements once the SCH has been decoded for a particular neighbour. For all other neighbour cells, the current method is used with RXLEV measurements on all frequencies listed in the BA list, in order to detect when a new strong neighbour cell appears. The SCH decoding gives information about the TSC of the neighbour cell, from the BSIC, and about the time offset, which helps to reduce the complexity required in the MS.

A potential TSC detection method is to make a channel estimate for each of the neighbour cells for which the MS knows the BSICs and time offsets, either through SCH decoding or through signalling from the serving BTS. The MS could then select the TSC according to some metric.

To take the full benefit of the proposal, other LQ measures than only RXLEV should be considered. One example is to estimate received signal power of each neighbour BTS by utilising the information from the channel estimation for the LQ measurements as well as for the TSC detection.

This change to the neighbour cell measurement procedure would address most of the problems with neighbour cells transmitting on the same frequency. Since each reported LQ measurement is qualified by a simultaneous TSC detection, the risk is reduced that a weak neighbour cell is incorrectly included in the measurement report, and therefore the risk of dropping due to handover to the wrong neighbour cell (i.e., to the weaker of two (or more) cells sharing the same BCCH frequency) is also reduced. Furthermore, the LQ measurement accuracy is improved with the neighbour cell signal power measurements instead of the RXLEV measurements, which also include noise and interference from other neighbour cells.

This change, however, does nothing to address the slowness of the measurement reporting procedure, i.e. the time required to identify a new strong neighbour cell. As explained earlier, this is seen as one of the most critical problems with the current method in modern GSM/EDGE networks. The long delay before a handover can be ordered for a new neighbour cell comes from the requirement that the SCH belonging to that cell has to be decoded first. One method to improve the detection time could therefore be to remove the need to decode the SCH before making a handover to that BTS, and instead rely on the TSC based detection of the neighbour cells that are obtained for each measurement of the LQ.

Before making a handover to a new cell, the MS also needs to know the Frame Number (FN) of that cell. The MS currently obtains this information from decoding the SCH of the neighbour cells. To allow handover without SCH decoding, the FN would then be signalled to the mobile by the serving BTS, preferably along with information about BSIC and Real Time Difference (RTD) for the neighbour cells included in the neighbour cell list, which informs the MS of TSCs and time offsets for the neighbour cells. This may be done by the message MEASUREMENT INFORMATION already available today on SACCH. This option will be discussed further in section 5.1.

It is assumed that the present measurement report can be used also for the proposed method, but reporting received signal power instead of RXLEV. 

3.2 Estimated gains and benefits

3.2.1 Simulation results

Simulations show in figure 3 below that the new proposed measurement method improves the measurement accuracy, reducing the error between true and measured signal power.
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Figure 3 Comparison of measurement error for old and proposed method

The dashed curves show measurements with the old method and unbroken lines measurement according to proposed method.

The resulting decrease in the number of incorrectly identified handover candidates with the new method is shown in figure 4.
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Figure 4 Comparison of incorrectly identified handover candidates for old and proposed method

The advantages of the new MAHO and cell reselection measurement technique over the current method are as follows:

· Neighbour cell measurements can be successfully carried out and tied to a certain base station without necessarily allocating a unique BCCH frequency to every base station that is an important cell reselection and handover candidate. 

· With the method that does not require SCH decoding prior to handover, the list of the strongest neighbouring base stations can be updated more rapidly than with the current method, thereby ensuring that the reported information is relevant.

· Instead of RXLEV, a more accurate link quality estimate, such as the received signal power of the particular neighbour cell, can be obtained.

· The measurements obtained from the techniques outlined in this report can be used for purposes other than cell reselection and handover. One example is the estimation of interference matrices in a cellular network, i.e. how much the various cells would interfere with each other if they were allocated the same or adjacent frequencies.

· The benefits will be large if tighter BCCH reuse is required, e.g. due to small spectrum available.

· Reporting for more than one neighbour cell on the same frequency but with different BSIC is possible

3.2.2 Examples from live tests

In this example an MS is heading towards cell c30 in the map below (see fig 5). At some locations the BCCH with the same frequency but another BSIC is seen by the MS while driving along the road. Due to the time elapsed between decoding BSIC on this frequency and the reception of handover command, the latest measurement reports may show the signal strength of the approaching cell (c30) with the same BCCH frequency as cell c8.  Thus the network believes that the latest measurements are associated with the cell earlier measured and BSIC decoded (c8) on that frequency. The network will then send a command to handover to the wrong cell. 

The following handover sequence was observed when travelling from location A to B:
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Call ongoing at location A in cell c3 (f3, 63)
1
b) HO from cell c3 (f3,63) to cell c8 (f8,60) fail
2
c) 2 seconds later, successful HO to cell c9 (f9,43)
3
d) 5 seconds later, HO to cell c8 (f8,60) fail
4
e) 2 seconds later, successful HO to cell c3 (f3,63)
5
f) 5 seconds later, HO to cell c8 (f8,60) fail
6
g) 4 seconds later, IHO in cell c3 (f3,63)
7
h) 5 seconds later, successful HO to cell c30 (f8,17)
8
Figure 5 Example of handover attempt to an old cell due to old BSIC information
Looking at the cell plan, cell c8 (f8,60) was passed a while going down towards cell c30 (f8,17). The network tried to make handover to cell c8 instead of cell c30 due to incorrect BSIC information in the measurements.

Sometimes this behaviour results in a late handover after several failing attempts when the MS has penetrated far into the new best cell. In following example (unfortunately not included in the map of figure 5) the BCCH signal strength in the target cell is 34 dB stronger than the TCH in the previous cell at successful handover:

a) Using TCH in cell c26 (f11,23) and trying handover to cell c27 (f1,51) fail due to T3124 timeout. 

b) Successful HO 5 seconds later. BCCH in c27 (f1,51) measured to be 34dB stronger than TCH in c26 (f11,23).

In this case the speed of the mobile was low. At higher speed the slow updating of BSIC information could result in missing a good handover candidate.

In another case (not shown on the map) BSIC mismatch was found in a cell with two co-BCCH neighbours. The network ordered handover to one of them but the MS had decoded BSIC of the other one and refused the command:

a) MS measured BCCH of cell c38 (f12,34) at -62dBm

b) During next 12 seconds, MS measured BCCH of cell c39 (f12,16) at -50dBm

c) Network ordered HO to cell c38 (f12,34), MS refused since that cell is no longer in table of candidates because the MS already measured and decoded a new BSIC on that frequency.

d) 2 seconds later MS received new HO CMD to cell c39 (f12,16) and HO performed successfully

Potential issues for investigation 

A number of aspects have been investigated and discussed in standardization forum:

· Impact of TSC detection and removal of requirement to decode SCH for neighbour cell measurements at handover

· Possible problems related to replacing existing dummy bursts with new dummy bursts, using normal burst TSC.

· Aspects due to unsynchronized networks.

· Handling of high multislot classes.

· Mixed environment with some neighbour cells using the proposed normal bursts and others using dummy bursts.

3.3 Impact of TSC detection and removal of requirement to decode of SCH

Two levels of changes are proposed:

· First it is to allow the use of dummy bursts with the same TSC as the normal bursts on BCCH to enable the MS to simultaneously detect TSC and measure signal power from a specific BTS, once the SCH has been decoded for a particular neighbour. For all other neighbour cells, the current method is used with RXLEV measurements on all frequencies listed in the BA list to detect any new strong neighbour cell. The SCH decoding gives information about the TSC of the neighbour cell, from the BSIC, and about the time offset. This method will increase the measurement accuracy as described in chapter 3, and reduce the risk of handover to a less suitable cell on the same BCCH frequency. In this case the new requirement (to detect TSC simultaneously with signal power measurements) is added to the existing procedure. There may be an MS complexity issue, but similar method has already partly been implemented for E-OTD measurements.

· The change above does not address the problem with slowness of the measurement reporting procedure, i.e. the time to identify a new strong neighbour cell. One method to improve the detection time could therefore be to remove the need to decode the SCH before making a handover to that BTS, and instead rely on the TSC based detection of the neighbour cells that are obtained for each measurement. To obtain additional information needed, e.g. BSIC, RTD and FN, this can be signalled in the MESSAGE INFORMATION on SACCH. To avoid boundary problems between different PLMNs it is proposed that the MS is still required to perform the SCH decoding as present. The new method is used as a complement– the network may send the MESSAGE INFORMATION to the MS, thereby enabling the MS to measure on still unidentified neighbour cells, to report the measurements to the NW, and the NW to command a handover to such cells. 

3.4 Possible problems related to changed TSC of dummy bursts

Some legacy MS implementations may rely on the use of dummy bursts without training sequence in DTX mode. The relevant scenario is when a frequency hopping MS hops on the BCCH frequency and one or more other frequencies. During a period of silence, the MS receives nothing on the non-BCCH frequencies, but on the BCCH frequency it receives dummy bursts due to the continuous transmission requirement. If the dummy burst has a normal training sequence, some implementations may mistake it for a normal burst, and the terminal may believe that the silent period is finished and that a speech frame has been received. If, in addition, a CRC detection error occurs, the speech frame is delivered to the speech decoder in the terminal. This results in an unwanted noise. In practice, this may be an issue for the speech channels TCH/FS and TCH/HS where the CRC length is only 3 bits. The question is whether this is an actual problem for present implementations or when using new vocoders as AMR.

IF this is a problem, the simplest solution would be to switch off the DL DTX feature for channels using TCH/FS or TCH/HS, when a (legacy) MS hops onto the BCCH frequency. If a MS is allocated on BCCH only, the DL DTX should be switched off. The impact on interference would be low if the usage of FS or HS channels is low.

Note that if the BCCH frequency is included in the hopping sequence to a substantial part of the connection, the network can always choose to use the present method only.

3.5 Aspects due to unsynchronised networks

As the proposal requires some continuous knowledge about when the neighbour cell TSC will appear (within certain range) the method should be applicable to synchronised networks. In unsynchronised networks the neighbour cell TSC may occur close to one end of the timeslot for measurements, reducing the available time for switching between frequencies. To be sure of making a complete BCC decoding probably 2 TS may be required in many cases.

3.6 Handling of multislot classes

The main issue is how long time the identification of TSC and power measurement will take. A basic assumption is that once the BSIC is identified in present measurement procedure the MS has saved some knowledge of timing and synchronisation information to minimise the search for TSC part. During the TSC correlation an estimate of received BCCH carrier signal strength can be achieved. Basically it would be possible to do this within the timeslot used for neighbour cell measurements, if MS only have to search within a limited time span enough. 

If this assumption is not correct an additional TS need to be dedicated at some specified rate. To limit the impact on traffic multislot capability this could be scheduled by the network. 

Even if the measurements and associated identification of TSC can be performed in less than a timeslot, time for switching is required before and after the measurement. This may be crucial at least for higher multislot classes where Tta may be less than 2, i.e. for type 1 MS multislot 12, 22, 23 and higher than 27. Of these cases some of the classes may use Tra=2 (classes below 30), which is assumed to be feasible for the new measurement method. For highest classes from class 40 and above it seems plausible to assume that measurements are not possible according to the proposal without using an additional TS. 

To avoid mandating too detailed measurement method and not load the network scheduling, it is proposed to require mobiles capable of the new measurement method to perform this whenever possible. In instances where the available time is too short for this new method, the existing measurement method shall be used. 

3.7 Mixed cell environment

With this proposed solution there will be MS with the capability to measure according to the new requirements as well as those who are not able to do it. It is assumed that in a network without this feature or in networks with this feature deactivated, all MS will behave as before. A legacy MS should ignore the command in feature activated cells, and measure and report as before. An MS with the new capability may have neighbours with or without this feature activated. In addition it may have difficulties to perform measurements according to the new method at some instances. In this case the present method is used. Thus this MS will have measurements using both the present and the new method to consider when reporting the signal strength. It is proposed that these new mobiles report signal strength together with associated BSIC. 

4 Impact on specifications

The main modifications needed for the standard include:

· Allow the transmitting of dummy bursts on the BCCH carrier with a training sequence code (TSC) equal to base station colour code (BCC) (45.002), e.g. as described in Annex A of 45.002. 

· Describing and mandating the capability to use training sequence based measurement method in the MS, possibly including performance requirements (the measurement reporting itself will probably not be affected). (45.008)

· Indication from NW which method (old or new) the MS should use. Possibility to change method for certain connections may be considered, e.g. by the message MEASUREMENT INFORMATION. (45.008, 44.060, 44.018)

· To facilitate detection/decoding of BSIC for in signal strength measurements, the network need to inform mobiles of BSIC, timing and FN of neighbour cells, e.g. by the message (or modified) MEASUREMENT INFORMATION. (44.018, FFS)

· To guarantee all multislot class MS the possibility to measure signal strength, it is proposed that the MS use the new method whenever possible (conditioned that it is enabled in the cell). In the report decoded BSIC and signal strength are included.  

5 Conclusion

In this paper a method to improve handover performance significantly is proposed. It is based on simultaneous detection of TSC and signal power measurement on any burst on a neighbour cell BCCH. The risk for incorrect handover, resulting in dropped calls, is significantly decreased. As a further enhancement it is also proposed to use the TSC detection information (together with additional information on SACCH) and remove the need to decode SCH before making a handover. This will speed up the process to detect any new strong neighbour cell. 

The proposed method is especially beneficial when tighter BCCH frequency reuse is required due to small spectrum available. In a long-term view, the BCCH frequency reuse can also be reduced while maintaining the same network performance. Thus the spectrum efficiency would increase. 
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