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1 Introduction

In the last RAN4 meeting, several documents are presented for measurement and MTCH receptions of MBMS in Idle CELL_/URA_PCH states [1][2]. In Idle, CELL_/URA_PCH states UE is almost free of the choice of the time to perform inter-frequency and inter-RAT measurements, so that UE can continuously execute the Cell identification or BSIC verification. So, comparing with CELL-FACH, which requires non-continuous measurement, it is obvious that the total measurement time for Idle/Cell_/URA_PCH could be shorter than CELL-FACH state. 
However, UE should not open such a long measurement gaps not to degrade the MTCH performance. So, how much time UE is allowed to interrupt MTCH reception is one of the discussion point. If we limit the measurement gaps of each MTCH TTI that UE may open, same measurement times will be necessary as CELL_FACH state even if UE is in Idle, CELL_/URA_PCH mode because of non-continuous gap. We think that not to change the measurement requirements in Idle, CELL_/URA_PCH states during MBMS reception as original one might be beneficial for network operation, so that we think sufficient interruption rate should be provided. 
Since already 12.5% and 25% of MTCH TTI are proposed on e-mail reflector as an interruption rate, we evaluate these values and consider how much rate UE should be allowed to interrupt MTCH reception.

2 Discussion
Required measurement gap density in order to achieve the current measurement requirements in Idle, CELL_/URA_PCH states mode should be evaluated the following items that interrupt the reception of MTCH.
· Measurements for inter-frequency FDD cells

· Measurements for inter-RAT GSM cells

Moreover, since UE should avoid the situation that the reception of MCCH is always overlapped with measurement gap, there is the timing in which Gap cannot be opened. 
· Reception of MCCH

A necessary gap density is verified based on above three aspects.
2.1 Measurements for Inter-frequency FDD cells

Section 4.2.2.3 of TS25.133 specifies that the UE shall measure CPICH Ec/Io and CPICH RSCP at least every (Ncarrier-1)*T measure FDD for inter-frequency cells that are identified and measured according to the measurement rules.
As the time for the measurement, the variable Tbasic_measurement FDD, inter is specified as 50ms in section 8.1.2.3.2. Since the shortest T measure FDD is 1.28s in Idle mode, we can assume that 50ms gaps per 1.28s are required.
The same section, 4.2.2.3, that for non-identified inter-frequency cells, the filtering shall be such that the UE shall be capable of evaluating that inter-frequency cell has become better ranked than the serving cell within 30s from a moment that the inter-frequency cell becomes 3dB (CPICH Ec/Io) or 5dB (CPICH RSCP) better ranked than the current serving cell. As a simple example to achieve the above requirement, two times measurement for cell identification within 30s could be assumed. Since maximum allowed time for the UE to identify a new FDD cell is defined as Tbasic_identify FDD, inter =300ms in section 8.1.2.3.2, total 600ms measurement gaps are required within 30s.

The necessary total gap time in each 30s can be calculated as follows. These values are independent from the interruption rate from the specification perspective.
Required total gap time for inter-frequency cell measurement = 50ms/1.28s≒1150ms/30s
Required total gap time for inter-frequency cell identification = 600ms/30s 
2.2 Measurements for Inter-RAT GSM cells
According to section 4.2.2.5 in TS25.133, UE shall measure the signal level of the GSM BCCH carrier of each GSM neighbor cell indicated in the measurement control system information of the serving cell, according to the measurement rules, at least every TmeasureGSM. As the time for the measurement, table 8.11 specifies that 16 GSM carries RSSI samples can be measured in one measurement occasion frame, 10ms. So, at least 10ms gaps in every TmeasureGSM are required. Since the shortest T measure GSM is 6.4s, we can assume that at least 10ms gap per 6.4s are required.
Moreover, UE shall attempts to verify the BSIC at least every 30s for each of the 4 strongest GSM BCCH carriers and rank the verified GSM BCCH cells according to the cell reselection criteria defined in TS25.304. Table 8.13 specifies that the worst-case time for identification of one previously not identified GSM cell. If we assume 10ms gaps per 80ms, 2880ms is denoted for GSM cell identification in that table. However, in CELL_FACH state, since UE shall trigger the initial BSIC identification within 50% of the available measurement occasions used for GSM measurements, actually the worst-case time for initial cell BSIC identification is 1440ms and this means that total 1440ms/8 = 180ms gaps are required. Thus, considering 4 BSIC identification 180ms*4=720ms gaps are required in total.    
· 12.5% interruption rate

Required total gap time for inter-frequency cell measurement = 10ms/6.4s≈230ms/30s

Required total gap time for inter-RAT GSM BSIC identification = 720ms/30s
We should care that required total gap time for inter-RAT GSM BSIC identification depends on the interruption rate. If we assume 20ms gaps per 80ms, Tidentify,GSM. is reduced as 1280ms. This means that total 640ms/8 = 80ms gaps are required for one GSM verification and total 320ms gaps are required for 4 BSIC identification.
· 25% interruption rate

Required total gap time for inter-frequency cell measurement = 10ms/6.4s≒230ms/30s 

Required total gap time for inter-RAT GSM BSIC identification = 320ms/30s
2.3 MCCH receptions

In idle state the UE should schedule the measurement gaps not to over lap with MCCH reception. Here, we assume that UE cannot open the measurement gap during one repetition period per modification period. It is difficult to open the gaps when modification period is short and repetition period is long, because the frequency of MCCH reception becomes high. 
From the table in section 10.3.9a.13 of TS25.331, the shortest modification period and the longest repetition period are 1.28s and 80ms respectively. This means that UE cannot open the measurement gaps at least 80ms per 1.28s.  
2.4 Comparison of 12.5% and 25% interruption rate on every MTCH TTI
Based on the above evaluations, we summarised comparison between 12.5% and 25% interruption rate, regarding required total gaps, gap occupancy rate and allowable time for MTCH reception. Moreover, Figure1 and 2 show the examples how to allocate the measurement gaps for each kind of measurement. 
Table1. Comparison between 12.5% and 25% allowable interruption rates

	Interruption rate
	Maximum available gaps in 30s
	Required total gaps
	Gap occupancy rate
	Allowable time for MTCH reception

	12.5% 
	3750-230=3520ms
	1150+600+230+720= 2700
	2700/3520=77%
	30s-2.7s = 27.3s 

	25.0%
	7500-470=7030ms
	1150+600+230+320= 2300
	2300/7030=33%
	30s-2.3s = 27.7s


Table1 is obtained by following calculations.

- 12.5% interruption rate

30000ms / 80ms * 10ms = maximum 3750ms gaps are available in 30s

30000ms / 1280ms = 23.4 ≒ 230ms gaps are not available due to overlapping with MCCH reception.

- 25% interruption rate
30000ms / 80ms * 20ms = maximum 7500ms gaps are available in 30s

30000ms / 1280ms = 23.4 ≒ 470ms is not available due to overlapping with MCCH reception.

From the above results, we can find that increasing the maximum allowable interruption time on every MTCH TTI can reduce the total required measurement gaps and much time may be allocated for MTCH reception. Moreover, we found from figure1 that the gap usage is quit high and there is no room that implement other measurement such as inter-frequency measurement of TDD. Thus, there is no reason to restrict the allowable interruption rate on every MTCH TTI as 12.5%. We think maximum 25% interruption rate is appropriate value for the general requirements.  
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Figure1. An example of gap allocation with 12.5% allowable interruption rate
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Figure2. An example of gap allocation with 25% allowable interruption rate
3 Conclusions
In this document we evaluated maximum allowed interruption rate on every MBMS TTI for Idle, CELL_/URA_PCH states. We would like to support the wording, which is expressed on the e-mail reflector, “Interrupts of the MTCH reading for inter-frequency and inter-RAT measurements is allowed to occur maximum [25%] of any of the MTCH TTIs.”
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