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1. Introduction
During the last several RAN2 meetings, RAN2 reached a consensus on several issues for MBMS Notification such as;

· to use MBMS specific paging indicator 

· to use same paging occasion as R99 UE dedicated paging

· to introduce new physical channel (i.e. MICH) to deliver MBMS specific paging indicator
The main concerns on making the above assumptions were UE battery power consumption and the expected number of MBMS services in a cell. Considering UE battery power consumption, it was agreed to use MBMS specific paging indicator and also to share the paging occasion with UE dedicated paging. Also considering the number of MBMS services available in a cell, RAN2 agreed not to use the unused part of PICH.
With the above factors in mind, it is important to ensure that MBMS specific paging indicator will not cause high false alarm probability.
From backward compatibility and UE implementation point of view, it seems appropriate to apply the same coding scheme for MICH as currently defined for PICH. However, a high false alarm probability could be a serious concern if PICH coding scheme was reused considering the possible number of MBMS services in a cell and the number of available paging indicators in the PICH frame.
This paper evaluates the possibility of reusing the current PICH coding scheme for MICH coding and also proposes a solution to reduce false alarm probability on MICH decoding.
2. Reusing PICH mapping
2.1 Descriptions on PICH mapping

Figure 1 depicts the basic structure of single PICH channel.

[image: image1]
Figure 1. Structure of PICH.

Single PICH frame is composed of NP paging indicators and the bit-length of each paging indicator is 288/ NP. UE evaluates single paging indicator in every paging occasion and the position of the paging indicator is determined based on IMSI together with several other parameters. [1] The possible values of NP are 18, 36, 72 and 144 and corresponding bit length for each paging indicator is 16, 8, 4 and 2.

If this kind of mapping rule is assumed for MICH, i.e, each MBMS service is allocated a single paging indicator, and the number of MBMS services exceeds the available number of paging indicators, then multiple MBMS services should share the same paging indicator. Hence, the false alarm probability could be a serious problem. Even though the 144 paging indicators are allowed, which is the possible maximum value, the false alarm probability could be very high, since the number of MBMS services can be much larger than 144. What the worse is that using 144 paging indicators would not be feasible from the Node B transmission power point of view. 
2.2 Evaluation of PICH mapping

It is really not so easy to determine whether single paging indicator is enough for each MBMS service from the false alarm probability point of view since it might be quite dependent on several parameters such as;

· the (average) number of MBMS services that needs to be paged in a modification period;
if the average number of MBMS services in a modification period is quite small, then even high false alarm probability may not cause severe UE battery consumption since turning on of the paging indicator will not happen very often.
· the number of MBMS services which have joined UE in a cell;
even if certain MBMS service could be served in a cell, it might not cause false alarm if it doesn’t have joined UE
For simplicity of evaluation, followings are assumed;
· the average number of paging indicators turned on in a modification period (=NS) = 1, 2;
if 2.56s-length of modification period is assumed, then there would be about 1400 modification periods in an hour. If setting the single paging indicator on average in a modification period, there would be 1400 paging indicators in an hour. If setting the two paging indicators on average in a modification period, then there would be 2800 paging indicators in an hour. If 3 times setting the paging indicator (one for session start, one for session stop and one for other reason such as re-counting, channel type switching etc.) for each MBMS service, then about 468 MBMS services would be given in an hour even for the case when the average number of paging indicators in a modification period is 1 (937 MBMS services for the case when NS = 2). Considering these values of available MBMS services in an hour, 1 or 2 for NS seem to be enough for calculating the false alarm probability.
· the number of MBMS services which has joined UE in a cell = z

· the number of paging area (position) = n

· uniform distribution of MBMS service into paging group

Based on these assumptions, the false alarm probabilities for the cases;

Case I: when NS = 1
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Case II: when NS = 2
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The simplified equation is only valid when 
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is assumed to be quite large, compared with 
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Table 1 shows and summarizes the false alarm probabilities for several cases.
Table 1: False alarm probability
	
	NP = 18
	NP = 36
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	Case I
	Case II
	Case I
	Case II
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	5.56
	10.8
	2.78
	5.48

	210
	5.46
	10.6
	2.68
	5.28

	28
	5.16
	10.02
	2.39
	4.7

	27
	4.77
	9.24
	2
	3.92

	26
	3.99
	7.68
	1.22
	2.36

	25
	2.43
	4.59
	0
	0

	24
	0
	0
	0
	0


Table 2 shows and summarizes how many times for each MBMS joined UE would have false alarm in an hour based on the results in Table 2.
Table 2: Number of false alarm in an hour (based on the results in Table 1)
	
	NP = 18
	NP = 36
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	Case I
	Case II
	Case I
	Case II
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	78.19
	151.88
	39.09
	77.06

	210
	76.78
	149.06
	37.69
	74.25

	28
	72.56
	140.91
	33.61
	66.09

	27
	67.08
	129.94
	28.13
	55.13

	26
	56.11
	108
	17.16
	33.19

	25
	34.17
	64.55
	0
	0

	24
	0
	0
	0
	0


The results in Table 3 are based on 2.56s-length of modification period. If the length of modification period changed to 5.12s then each value should be reduced by half.
Based on the results from table-2, it can be observed that the expected number of false alarms per hour for MICH case is similar to that observed for PICH case. (See note1) Thus the total number of false alarms for a UE listening to PICH and MICH could be significantly high and would thus result in waste of battery power. 
3. MICH coding
3.1 Allocation of multiple paging indicators
The main problem of reusing the PICH mapping scheme for MICH (i.e. allocation of single paging indicator for each group of MBMS services) is that it is impossible to reduce false alarm probability without increasing the transmission power significantly (or without loosing reliability significantly). And even with the largest number of NP and maximum transmission power, the number of NP is only 144.
If multiple paging indicators in different positions were allocated to each MBMS service, then the number of distinguishable paging groups would be increased. Table 3 shows how many paging groups are distinguishable if multiple positions of paging indicators are allocated to each group of MBMS services.
Table 3: Number of paging indicators for each group of MBMS services and corresponding number of distinguishable paging group
	NP
	NG
	NPG
	NP
	NG
	NPG

	18
	1

2

3

4

…
	18

153

816

3060

…
	72
	1

2

3

4

…
	72

2556

59640

1028790

…

	36
	1

2

3

4

…
	36

630

7140

58905

…
	144
	1

2

3

4

…
	144

10296

487344

17178876

…


In Table 3, NP is the number of paging indicators in single MICH frame, NG is the number of the positions of paging indicator which would be allocated to MBMS service, and NPG is the number of distinguishable paging groups and is given by 
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Figure 2 shows the example how we can get 6 distinguishable paging groups by allocating 2 paging indicators among 4 available ones.
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Figure 2. Getting more distinguishable paging groups than the number of paging indicators in a frame.
If just 2 out of 18 paging indicators are assumed, then the number of distinguishable MBMS service group (=153) is more than single paging indicator allocation out of 144 paging indicators.
3.2 Evaluation of the scheme
Based on the same assumptions, given in subsection 2.2, and one additional assumption that the number of paging indicators allocated for each group of MBMS services is 2, the false alarm probabilities for case;
Case III: when NS = 1
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Case IV: when NS = 2
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The simplified equation is only valid when 
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is assumed to be quite large, compared with 
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Table 4 shows and summarizes the false alarm probabilities for several cases.

Table 4: False alarm probability [%]
	
	NP = 18
	NP = 36
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	Case III
	Case IV
	Case III
	Case IV
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	0.65
	3.5
	0.16
	0.9

	210
	0.56
	3.3
	0.06
	0.7

	28
	0.26
	2.71
	0
	0.58

	27
	0
	2.19
	0
	0.58


Table 5 shows and summarizes how many times for each MBMS joined UE would have false alarm in an hour based on the results in Table 4.

Table 5: Number of false alarm in an hour (based on the results in Table 4) [times]
	
	NP = 18
	NP = 36
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	Case III
	Case IV
	Case III
	Case IV
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	9.14
	49.22
	2.25
	12.66

	210
	7.88
	46.41
	0.84
	9.84

	28
	3.66
	38.11
	0
	8.16

	27
	0
	30.8
	0
	8.16


The results in Table 5 are based on 2.56s-length of modification period. If the length of modification period changed into 5.12s then each value should be reduced by half.

Comparing with the results in Table 2, Table 5 shows that MBMS joined UE will have very small number of false alarm in an hour by allocating the one additional paging indicator for group identification.
By increasing the number of paging indicators for each group of MBMS services, one issue that arises is the increase of SER (symbol error rate). In order to address this, additional transmission power on MICH is required.
Table 6 shows how much SER is increased by allocating multiple paging indicators to each group of MBMS services and also additional transmission power required to maintain the desired SER.
Table 6: MICH Tx power for compensating the increase of SER
	NP
	NG
	NPG
	BER
	SER
	additional Tx power
	Tx power

	18
	1

2

3

4

…
	18

153

816

3060

…
	0.01

0.01

0.01

0.01

…
	0.01

0.0199

0.0297

0.0394

…
	-
23%
40%
44%
…
	1.5%
1.85%
2.1%
2.16%
…

	36
	1

2

3

4

…
	36

630

7140

58905

…
	0.01

0.01

0.01

0.01

…
	0.01

0.0199

0.0297

0.0394

…
	-
23%
40%
44%
…
	3.16%
3.89%
4.42%
4.55%
…


Additional Tx power in Table 6 shows how much additional transmission power, compared with the case when single paging indicator is allocated to each group of MBMS services, is required in order to compensate the increase of SER. Tx power in Table 6 shows how much portion of the Node B transmission power is required for MICH transmission. The way to calculate the ratio of MICH transmission power for single paging indicator is given in [2]
The results in Table 6 clarifies that the increase of MICH transmission power for compensating SER increase is not a serious issue. Furthermore, if DTX of MICH (on-off keying) is assumed, then the required  transmission power can be further reduced. [2]
4. Conclusion
This paper highlighted the issue of UE battery power consumption due to high false alarm probability. This happens when single paging indicator is allocated for each group of MBMS services as defined in Rel99 PICH coding. To address this problem, it was proposed to allocate multiple paging indicators to each group of MBMS services, which would reduce the probability of false alarms without resulting in significant increase in MICH transmission power. 
We believe that the issue of high false alarm probability could be alleviated by the right choice of the number of paging indicators on MICH.
We propose that the MBMS stage 3 works will be based on the concept proposed in this contribution.
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