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1
Introduction
During RAN#49, a new WI to introduce a detected set feature for inter-frequency measurements was opened [1]. Some discussions [2]- [8] have taken place over the last two RAN4 meetings where brief analysis on the RRM requirements was presented. 
Our initial understanding of the justification for the work item was that the feature was primarily intended for detecting neighbor cell list configuration errors. However, based on discussions in RAN2#71-bis and RAN4 AH#4, we realize that the intention of this feature is also to allow for real-time handover to inter-frequency detected cells. Based on the proposals in [4]-[7] and the email discussion post RAN4 AH#4 2010 meeting, inter-frequency detected set measurement times of 60s/frequency has been considered. With such a measurement requirement in place, we do not understand the ability of this feature to meet the demands of a real time handover to an inter-frequency detected cell.
In this contribution, we perform an RRM measurement analysis for inter-frequency cells by assuming that the current neighbour cell list size limitation of 32 cells can be increased. 
2
RRM Measurement Time Analysis for Interfrequency Cells

Below we cut and paste the RRM measurement requirement for the detection of a new cell on inter-frequencies from 25.133
8.1.2.3.1
Identification of a new cell

The UE shall be able to identify a new detectable cell belonging to the monitored set within 
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TMeasurement_Period Inter = 480 ms. The period used for calculating the measurement period Tmeasurement_inter for inter frequency CPICH measurements.


TInter:: This is the minimum time that is available for inter frequency measurements , during the period TMeasurement_Period inter with an arbitrarily chosen timing. The minimum time per transmission gap is calculated by using the actual idle length within the transmission gap as given in the table 11 of Annex B in TS 25.212 and by assuming 2*0.5 ms for implementation margin and after that taking only full slots into account in the calculation.


Tbasic_identify_FDD,inter = 300 ms. This is the time period used in the inter frequency equation where the maximum allowed time for the UE to identify a new FDD cell is defined.


NFreq: Number of FDD frequencies indicated in the inter frequency measurement control information.

· Table 1 lists the required new cell identification for 32, 48 and 64 cells for TGL = 7 slots and NFreq = 2 cells. The minimum time per transmission gap for this case was calculated assuming an idle length of 4.27ms before applying an implementation margin (0.5*2) and taking floor to the nearest slot.

· Table 2 lists the required new cell identification for 32, 48 and 64 cells for TGL = 10 slots and NFreq = 2 cells. The minimum time per transmission gap for this case was calculated assuming an idle length of 6.27ms before applying an implementation margin (0.5*2) and taking floor to the nearest slot.

· Table 3 lists the required new cell identification for 32, 48 and 64 cells for TGL = 14 slots and NFreq = 2 cells. The minimum time per transmission gap for this case was calculated assuming an idle length of 8.93ms before applying an implementation margin (0.5*2) and taking floor to the nearest slot.
As observed in Tables 1-3, even if we double the neighbor cell list size from 32 to 64 seconds, and scale the new cell identification inter-frequency time requirement accordingly, for typical compressed parameter settings (TGPL ≤ 10 radio frames), the new cell identification times still range from 5 sec to 25 sec. 
Table 1: New cell identification inter-frequency times, Tidentify, inter [s], Nfreq = 2, TGL = 7 slots

	TGL (slots)
	TGPL (frames)
	Number of Idle lengths
	Tidentify, inter [s]     32 cells
	Tidentify, inter [s]     48 cells
	Tidentify, inter [s]        64 cells

	7
	4
	12
	5.14
	7.71
	10.29

	7
	6
	8
	7.71
	11.57
	15.43

	7
	8
	6
	10.29
	15.43
	20.57

	7
	10
	4.8
	12.86
	19.29
	25.71

	7
	12
	4
	15.43
	23.14
	30.86

	7
	14
	3.4
	18.00
	27.00
	36.00

	7
	16
	3
	20.57
	30.86
	41.14

	7
	18
	2.67
	23.14
	34.71
	46.29


Table 2: New cell identification inter-frequency times, Tidentify, inter [s], Nfreq = 2, TGL = 10 slots

	TGL (slots)
	TGPL (frames)
	Number of Idle lengths
	Tidentify, inter [s]     32 cells
	Tidentify, inter [s]     48 cells
	Tidentify, inter [s]        64 cells

	10
	4
	12
	3.60
	5.4
	7.2

	10
	6
	8
	5.40
	8.1
	10.8

	10
	8
	6
	7.20
	10.8
	14.4

	10
	10
	4.8
	9.00
	13.5
	18

	10
	12
	4
	10.80
	16.2
	21.6

	10
	14
	3.4
	12.60
	18.9
	25.2

	10
	16
	3
	14.40
	21.6
	28.8

	10
	18
	2.67
	16.20
	24.3
	32.4


Table 3: New cell identification inter-frequency times, Tidentify, inter [s], Nfreq = 2, TGL = 14 slots

	TGL (slots)
	TGPL (frames)
	Number of Idle lengths
	Tidentify, inter [s]     32 cells
	Tidentify, inter [s]     48 cells
	Tidentify, inter [s]        64 cells

	14
	4
	12
	2.57
	3.86
	5.142857

	14
	6
	8
	3.86
	5.79
	7.714286

	14
	8
	6
	5.14
	7.71
	10.28571

	14
	10
	4.8
	6.43
	9.64
	12.85714

	14
	12
	4
	7.71
	11.57
	15.42857

	14
	14
	3.4
	9.00
	13.50
	18

	14
	16
	3
	10.29
	15.43
	20.57143

	14
	18
	2.67
	11.57
	17.36
	23.14286


Based on Tables 1-3, we derive Table 4, where we attempt to match the measurement requirements of NCL = 32, 48, 64 by varying the TPL and TGPL. As can be seen in the table, inspite of increasing the NCL size, the performance could be comparable to each other.
Table 4: New cell identification inter-frequency times, Tidentify, inter [s], Nfreq = 2
	Inter-frequency NCL size          [cells]
	TGL [slots]
	TGPL[frames]
	Tidentify, inter [s]     

	32
	7
	8
	10.29

	48
	10
	8
	10.8

	64
	14
	8
	10.28


For the TGL/TPL settings in Table 4, we summarize in Table 5, the total transmission gap over the 480 ms measurement period. 
Table 5: Total Gap over TMeasurement_Period Inter [slots]
	TGL [slots]
	TGPL[frames]
	Total Gap over TMeasurement_Period Inter [slots]

	7
	8
	42

	10
	8
	60

	14
	10
	67.2


On the other hand, if we attempt to normalize the amount of transmission gap over the measurement window, then we arrive at the following parameters in Table 6.
Table 6: Total Gap over TMeasurement_Period Inter [slots]
	TGL [slots]
	TGPL[frames]
	Total Gap over TMeasurement_Period Inter [slots]

	7
	8
	42

	10
	10
	48

	14
	14
	47.6


Table 7 lists the new cell detection requirement times based on the TGL/TGPL parameters in Table 6. As can be seen in Table 7, the detection times are of the same order (10-18 seconds) and are much lower than the 120 sec (across 2 frequencies) being considered in the work item, had the detection relied on the inter-frequency detected set measurements.

Table 7: New cell identification inter-frequency times, Tidentify, inter [s], Nfreq = 2

	Inter-frequency NCL size          [cells]
	TGL [slots]
	TGPL[frames]
	Tidentify, inter [s]     

	32
	7
	8
	10.29

	48
	10
	10
	13.5

	64
	14
	14
	18


3
Compressed Mode Field Measurements

In this section we show results of compressed mode measurements for Inter Frequency Handoff from the field. Fig 1 shows a typical example of compressed mode, triggered by reporting of Event 2d. The compressed mode duration is defined as the delay between times T4 and T5
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Figure 1: Call Flow of Triggering of Compressed Mode

The compressed mode parameters were set such that the Transmission Gap Pattern Length (TGPL) was set to 8 frames, while the Transmission Gap Length (TGL) was set to 7 slots. Table 4 shows the average, standard deviation, minimum and maximum compressed mode duration for two different drive routes.

Table 4: Statistics of Compressed Mode Duration
	 
	Route A
	Route B

	Average of CM duration [sec]
	15.8
	7.8

	StdDev of CM duration [sec]
	13.3
	2.9

	Min of CM Duration [sec]
	3.7
	3.6

	Max of CM Duration [sec]
	42.4
	14.2


As seen in Table 4, compressed mode durations ranged from 3.7 to 42.4 seconds for Drive Route A and from 3.6 to 14.2 seconds for Drive Route B. This means that cells would be detected well within these durations. However, even if took a very conservative approach and assume that it took as long as the compressed mode duration to detect the cells, these numbers are still well within 120 sec (60 sec/frequency) which would be the case if the UE were to rely on detected cell measurements on interfrequency.

4
Summary

Based on the analysis presented in this document, and a comparison to field data, a straightforward extension towards meeting real-time handover requirements to an inter-frequency cell, when the number of neighbor cells exceeds 32 is to increase the maximum inter-frequency NCL size to 64. Relying on a requirement of new cell identification times of the order of 60sec/frequency when detected cell measurements are used for handover would reduce the applicability of detected set in practical mobility scenarios. As shown in Tables 4-5, if we normalize the detection times across the different NCL sizes, the accumulated transmission gap length across the 480ms measurement period increase with a slope less than 1. On the other hand, if we attempt to normalize the measurement gaps across the 480ms measurement period, the cell detection times are of the same order and within a tight range (10-18 seconds) which is much less than the 60 sec/frequency being considered in the work item.
Hence we propose the following:
Proposal 1: Increase the inter-frequency neighbor cell list size from 32 to 64. If this proposal is accepted, Qualcomm can help towards drafting an LS to RAN2 to request them to introduce corresponding changes to RRC signaling.

Proposal 2: Specify new cell identification requirements for inter-frequencies for the case when neighbor cell list size equals 64. In this case the new cell identification times are increased by a factor of 2 relative to the requirements that apply today for the case when NCL size = 32. Note that if it is desired to specify requirements for NCL size that lies between 32 and 64, the requirements would scale linearly.
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