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1
Introduction
It has been decided that measurement gaps shall be used for enabling the inter-frequency and inter-RAT cell search and measurements.  Several proposals about gap control have been submitted to TSG-RAN WG2 meetings. Disregarding the exact methods how the cell search and measurements are controlled, this paper discusses and analyzes the desired scheduling of these operations.
Considering compressed mode operation in release 99 of WCDMA, a very flexible but somewhat complicated scheme of gap patterns was developed, with corresponding performance requirements in TS25.133. Practical experience shows that many of the options that were originally specified have never been used or deployed. It is unlikely that UTRA network implementations would now start to make use of some of these theoretically available options due to the risk of legacy problems, and the fact that many of the unused options will not have been exhausively tested in IOT or field trails. This suggests that a simpler approach may be beneficial for E-UTRAN measurements, to ensure that features do not end up being specified unless they are of practical value. One area where past experience would suggest that simplifications could be considered is having fixed measurement gap duration, since different measurement gaps for the same measurement purpose have typically not been much used in UTRAN.
From previous contributions [1-5] in RAN4 it seems that a 6ms measurement gap length may be sufficent for cell identification and measurement of  E-UTRAN FDD interfrequency, UTRAN FDD interfrequency, and GERAN cells. This document examines measurement scheduling, and we believe that a simpler solution is possible assuming that all systems can use the same gap length.
2
Scheduling
2.1
Principles
The object to be measured in E-UTRAN gap-assisted measurements can be either another E-UTRAN cell, a UTRAN cell, or a GERAN cell. Although they have very different properties, they share some common principles. The gap-assisted operations can be divided in two categories:

-
the cell search, identification, and synchronization, which all are carried out with the same search operation

-
the signal strength measurement (RSSI, RSCP, or something else)

For the GERAN cells, the RSSI can be measured already before the identification and synchronization, but the synchronization and identification of the E-UTRAN and UTRAN cells must be obtained before the signal strength can be measured.
When the measurements are started, the emphasis is on the cell search. When the cell search has been completed, the gap-assisted operations concentrate on the signal strength measurements. The search must be resumed occasionally when new neighbours appear due to the UE motion and when the neighbour cells list is updated. All the gap-assisted operations may also be suspended and resumed according to the serving cell signal level or radio network load variations, for instance.

2.2
Cell search and measurement state machine

The operations described above can be modelled with a state machine in Figure 1. The starting point is naturally the cell search state and the “continuous mode”, i.e. the signal strength measurement state is entered when the list of unknown neighbour cells has been exhausted either with success or failure.
As the UE moves, the GERAN RSSI measurements may identify new potential targets for the handover or it is time to repeat the search for the unknown UTRAN or E-UTRAN inter-frequency cells. The cell search state is re-entered in such a case.

The nature of the continuous mode in the the measurement state is to periodically measure the strength of all E-UTRAN, UTRAN, and GERAN cells. The period is typically in the order of a second or a few seconds a most. In addition to the signal strength, the synchronization to the GERAN cells must be refreshed about twice a minute by receiving the BSIC of each GERAN cell that has been identified earlier.
The suspended state is entered whenever the need to carry out any cell searches or measurements disappears. This typically happens when the signal strength of the serving E-UTRAN cell gets better and there is no immediate need for a handover. When these operations need to be resumed, the target state depends on the duration of the suspension. The measurement state can be re-entered if the pause was so short that the synchronization information of the known cells is still valid. Otherwise, the re-synchronization must be done by starting from the cell search state.
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Figure 1: The state machine of the gap-assisted operations
2.3
Stateless approach

The state machine in Figure 1 is somewhat inflexible and slow in the start. If there are a lot of potential cells to be searched in the beginning, it may take a while before any signal strength measurement results are available for measurement reports. Also a neighbour cell list update may cause a significant break in the flow of signal strength results. Another way to look at the scheduling of the measurements is to discard the state machine and use a procedure that uses these two steps that are repeated over and over:
1. Measure the signal strength of all known cells and refresh the GERAN BSICs if needed.

2. Search for one unknown cell in the order of priority or signal strength (GERAN) if there are any pending potential cells.

This method produces the first measurement results very soon after starting the process, but naturally the search of all cells is slower in the beginning, because it is interrupted often by measuring the signal strength of the known cells. New cells are handled just by adding them to the list of potential cells and they will be searched for in the step 2.
3
Analysis
3.1
The properties of the scheduling methods
Figure 2 illustrates what the gap-assisted operations might look like in the time domain. The example is a relatively complex one and it not probably a very practical case, but it shows some important aspect of the cell search and measurement scheduling.
Figure 2 represents the continuous mode where the emphasis is on the signel strength measurements (S, C, and E in the figure). The frequent level measurements are disturbed only by the GERAN BSIC receptions (point 1 in the figure). They must be scheduled when the measurement gap happens to coincide with the BSIC of the cell to be refreshed, so they appear in the sequence of event rather irregularly. The measurement cycle may sometimes be interrupted by the search of a new GERAN cell (point 2) and all the gaps are used for the purpose for a while. The traffic in the figure is otherwise continuous (download, for instance), but a short DRX period (point 3) gives more time for carrying out measurements that were postponed by the GERAN cell search.
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Figure 1: An example of the gap-assisted operations

The figure was drawn with the state machine approach in mind, but similar scheduling, in fact, may result also from the stateless approach, at least in this case.
It is obvious that the measurement target changes all the time in such a E-UTRAN cell which is surrounded by both the legacy 3GPP systems. Consequently, the measurement control method must be simple and efficient enough to cope with this complexity. The requirements are usually not this hard in more practical cases, but the extreme cases must also be functional.
3.2
The conclusions
It is necessary that the measurement gap control is very simple. If the gaps had to be defined for each measurement separately, the amount of signalling between the eNB and the UE would be huge. It would not only cause a significant overhead, but also drop the efficiency of the measurements as the new gap definitions coundn’t possibly be taken into use immediately and there would be a short pause between the different kinds of measurements. Therefore, the simplest and most efficient solution is to use a single gap width and period and keep the same gap pattern running for relatively long times, as already suggested in another document of ours [7]. To minimize the amount of signalling, the UE should carry out the regular, repetitive measurements mostly autonomously.
It is possible to use gap patterns that are more optimized for each type of cell search and measurements, but their use may be limited to cases where the type of the measurement doesn’t change so often. However, the gain should be significant in order to justify the loss of simplicity. The preliminary analysis [7] suggest that the benefits may be marginal.
4
Summary
The analysis above is given out for discussion. It is our view that the following solutions should be considered seriously:
-
Only a single gap width should be used for all cell search and measurement purposes, especially in complex cases.

-
The amount of signalling should be minimized so that the UE carries out the routine tasks autonomously
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