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1
Introduction
Inter-frequency and inter-RAT handover preparation requires synchronization to the adjacent cells, measuring the level of their signals, and possibly examining some of their other properties (e.g. system information). For simplicity, all these operations are called “measurements” in this paper. The text here is limited to handover preparation, but the same principles may be applicable to other purposes as well (e.g. positioning and network configuration [1]).
The measurements can’t be carried out simultaneously with the serving cell reception and transmission if the UE doesn’t have multiple receiver capability, so some gaps for measurements must be arranged between the serving cell operations to enable the handover preparation in the UE. This paper represents the results of the analysis about the optimal measurement gap configurations.

2
Assumptions, Methods, and Parameters
Figure 1 illustrates the structure of the measurement gaps to introduce the necessary terms and concepts used in this document. The target of this paper is to find the best values for the repetition period (Tperiod) and the gap width (Tgap) for inter-frequency and inter-RAT measurements when the EUTRA is the serving RAT.
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Figure 1: The structure of the measurement gap
The actual measurement time (Tmeas) is affected by the margin (Tmargin) that must be substracted from the gap width. This margin is needed for changing the reception frequency and possibly configuring the receiver to another RAT. We have used Tmargin = 0.5 ms in this analysis. This value has also been used before [3]. It is not necessary to use this margin with the same size at the beginning and and the end of the gap, but it may be distributed freely between these two places.
It is assumed that the serving system and the measured system sufficiently frequency synchronized so that a separate frequency estimation and correction phase is not needed. If this is not the case, some extra time may be needed for frequency error compensation.

EUTRAN inter-frequency measurements and UTRAN measurements are rather simple cases, but GERAN frame structure is significantly more complicated. The TDMA frame length is 60/13 ms and the BCH superframe consists of 51 TDMA frames. The BSIC is located at frames 1, 11, 21, 31, and 41 in the superframe, i.e. mostly at 10 TDMA frame intervals except that every fifth interval is 11 TDMA frames. This makes a simple logical analysis between the EUTRAN measurement gap patterns and GERAN frame structure practically impossible. Therefore, a computer-aided analysis scanning all starting times relative to the GERAN superframe with all sensible gap patterns has been used. The starting offsets have been scanned with a 10-μs resolution and the times when a BSIC coincides with the measurement gap have been recorded. The gap size was assumed to be a multiple of 1 ms and the repetition period also a multiple of 1 ms.
3
Results
3.1
EUTRAN inter-frequency measurements
The minimum gap length for inter-frequency measurements has been analyzed already by several companies [3, 4, 5] and it seems obvious that 6 ms is the most suitable gap length. Longer gap lengths may increase efficiency, but the interference with the data transmission is minimized when the gap is kept short.
It was agreed in RAN4#44 [6] that for developing inter-frequency requirements gap length equal to 6 ms (including switching overheads) would be used. The gap periodicity is assumed to be a multiple of 10 ms.

3.2
UTRAN measurements
TS 25.133, chapter 8.1.2.3 gives the gap length values for UTRAN inter-frequency measurements. The smallest gap length is 7 slots (4.667 ms). The closest functional gap length in EUTRAN would be 5 ms. The slightly longer 6-ms gaps would naturally also work perfectly well in UTRAN measurements, if simplifity and synergy with EUTRAN inter-frequency measurements are sought.
Regarding the gap repetition period, table 8.1 in 25.133 gives conditions in which FDD interfrequency measurement requirements are applicable

Table 8.1

	TGL1 [slots]
	TGL2 [slots]
	TGD [slots]
	Max TGPL [frames]

	7
	-
	undefined
	18

	14
	-
	undefined
	36

	10
	-
	undefined
	24

	7
	7
	15…269
	18 + ceil(TGD/15)

	14
	14
	45…269
	36 + ceil(TGD/15)


Since it is assumed that it would be desirable to reuse the UTRA FDD interfrequency measurement requirements as the starting point for E-UTRA to UTRA mobility requirements[7] it would seem desirable to specify a maxium repetition period for UTRA FDD measurements consistent with Max TGPL in table 8.1. The 6ms gap length corresponds to 9 UTRA slots. Although this does not correspond directly to a a UTRA compressed mode pattern, the closest matches are highlighted in the table reproduced from 25.133. It certainly seems to be a practical possibility to reuse the UTRA interfrequency requirements if the maximum gap repition period for UTRA FDD purposes is at most 180ms and it could even be possible by interpolation of table 8.1 to consider slightly longer repetition periods in the range of 200-230ms.
3.3
GERAN measurements

TS 25.133, chapter 8.1.2.5.1 specifies some measurement gaps for GERAN RSSI measurements, but they are not very relevant as there are no timing issues involved. Very short gaps can be used down to 2 ms, but somewhat longer gaps are more efficient, as less time is wasted for receiver inter-RAT configuration per RSSI sample.
TS 25.133, chapter 8.1.2.5.2.1 gives the UTRAN patterns for GSM BSIC search. The limitations in the measurement gap creation are very different in UTRAN and EUTRAN, so a new analysis was carried out to find the best gap patterns.
Tables 1 and 2 represent the search times for finding the first occurrence of a GERAN BSIC on the SCH. In other words, the signal of the GERAN cell is assumed to be good enough for one shot success. This is the most relevant criterium in the gap pattern selection as this would typically be the case for a GERAN cell being a suitable target for the handover.
Table 1 contains the most optimal gap patterns. The first five ones are the fastest ones, taking the repetition period and the gap width into account. They have very different search times, but they are clearly faster than the other patterns with similar repetition period and gap width. The last two patterns are the most efficient ones when measured by the number of subframes used for the search. In other words, they are the patterns that disturb the data transmission less than any other patterns.
Table 1: The fastest and the most efficient measurement gap patterns for GERAN cells
(Tmargin = 0.5 ms)
	Repetition period Tperiod (ms)
	Gap width Tgap (ms)
	Average number of subframes used
	Average search time (ms)
	Maximum search time (ms)

	28
	11
	33.58
	57.49
	168

	29
	13
	34.22
	47.34
	116

	27
	9
	33.50
	73.49
	216

	38
	9
	34.59
	108.05
	380

	66
	12
	34.57
	124.15
	594

	114
	9
	32.77
	301.03
	684

	122
	10
	32.68
	276.76
	732


The patterns in Table 1 are rather complex and traffic allocation for VoIP, for instrance, would require very sophisticated algorothms, so some simplification is desirable. Table 2 contains some simpler patterns whose performance is very close to the best ones, but they are significantly simpler. The repetition period is a multiple of 10 ms and, in principle, the gap-assisted measurements could use 6-ms gaps only. The first pattern in the table is clearly faster than the second one in the average search time, but also the second one should be sufficient in speed. Their efficiencies in the number of subframes used are very close.
Table 2: Some simpler measurement gap patterns for GERAN cells with comparable performance
(Tmargin = 0.5 ms)
	Repetition period Tperiod (ms)
	Gap width Tgap (ms)
	Average number of subframes used
	Average search time (ms)
	Maximum search time (ms)

	40
	7
	34.36
	156.32
	720

	40
	6
	35.72
	198.12
	720

	60
	6
	33.38
	273.81
	600

	80
	6
	33.86
	371.47
	960

	120
	6
	33.24
	544.76
	1200


It is not a surprise that the patterns in Table 2 work very well compared to many other patterns. In a sense, they follow the same principles as the timing of the GERAN TCH idle frames, which has been optimized for the BSIC search - with the limitations of the GERAN, of course. Some other patterns (in Table 1) that don’t have the GERAN limitations are naturally better, but they lack some other good properties.

The results are rather sensitive to the margin that is used for the receiver reconfiguration for another RAT. If 0.3 ms, for instance, is used instead of 0.5 ms, the average number of used subframes and the average search time don’t get very much better, but some of the most optimal gap patterns change. It is possible that a pattern that works very well with the smaller margin may lose most of its efficiency with the larger margin. Therefore the results above must be double checked after the decision about exact value of Tmargin has been made.
4
Summary
The analysis above shows that the 6-ms measurement gap would be suitable for all inter-frequency and inter-RAT measurements as already proposed in the RAN4#44 meeting [6]. It isn’t exactly the most optimal solution, but it is very close to the optimum, so it should be considered seriously whether it could be the overall solution because of its simplicity. The main benefit would be the fact that the measurement gap pattern needs to be signalled only once to the UE and several types of measurements can be carried out by the UE with the same pattern. A lot of resources and time are saved as the UE need not wait for the next pattern to start the next measurement, but it can start the next one immediately after finishing the previous one.
The repetition period may be determined according to the network environment, urgency of handover preparation, and the necessity to keep the EUTRAN traffic undisturbed. It is probably sufficient to limit the available periods to 40, 60, 80, and 120 ms, although a longer period such as 180ms may be enough if there are no GERAN cells in the neighbour cell list and only UTRAN measurements need to be made.
If there is a need for the UE to make simultaneous measurements on both GERAN and UTRAN systems, this still needs to be futher considered in the gap repetition period work.
The requirements of possible non-3GPP measurements have not been included in this analysis.
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