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1 Introduction

At the last RAN1#37 and RAN2#42 meetings in Montreal, two proposals have been submitted which aim at reducing the probability of false alarm linked to the MBMS notification procedure [1],[2]. Assuming a perfect transmission and reception chain and the current working assumption, an MBMS notification false alarm occurs if an MBMS service that is notified is mapped onto the same notification message (notification indicator) of the MBMS service monitored by the UE. This effect, which is also expected to dominate the false alarm probability in real cases, is therefore strongly linked with the algorithm selected for mapping the MBMS service Id onto notification messages.   

Considering the current working assumption for MBMS notification and an uniform distribution of the MBMS service Ids onto MBMS service groups, it is easily understandable that the probability of false alarm is defined by the total number of MBMS service groups that can be used for notification. As the size of this set is growing, the probability of mapping two MBMS services onto the same MBMS service group decreases.  

Compared with the R99 paging occasion procedure, the MBMS notification procedure cannot unfortunately rely on the paging occasion concept, which is providing a further time separation between paging groups. This time dimension due to the paging occasions combined with the paging indicator concept is providing a sufficiently large paging group space and thus is characterised by a low probability of false alarm. With the current working assumption on the notification procedure for MBMS, the number of MBMS service groups is limited by the number of indicators per frame Nni
, which may vary between 18, 36, 72 and 144. Setting Nni to a high value will only partially solve the problem but would certainly have a negative impact on the probability of missing a notification if the same transmission power is kept. 

A straightforward and efficient way to decrease the probability of false alarm in MBMS would be to increase the number of entities that can be notified by introducing a notification message structure based on multiple notification indicators. So far, two proposals have been made in this sense in 3GPP (see [1] and [2]).

The aim of this contribution is to compare the performance of both methods, analyse their pros and cons and propose enhancements of one of them as a possible way forward with respect to this issue in MBMS.

2 MBMS notification enhancements

2.1 Short description of the current proposals

The proposal presented in [1] suggests to perform a simple mapping of the MBMS service group onto a combination of K notification indicators over the same MICH frame (denoted hereafter as method A), whereas the second proposal [2] recommends to directly map the MBMS service Id onto an indicator sequence transmitted over the complete modification period (denoted hereafter as method B). With method B, the notification sequence is a pseudo random sequence which seed is associated with the notified MBMS service Id and K notification indicators are read by the UE to draw a decision on the notification status of the monitored MBMS service. 

It shall be noted that the second proposal does not require the introduction of an MBMS service group anymore as MBMS services are directly notified.

2.2 Performance evaluation

2.2.1 Probability of false alarm with single notification

Both methods rely on the core idea of combining notification indicators NI to increase the number of possible notification sequences, which are either associated to MBMS service groups or directly to the MBMS service Id. However their respective performances are not similar as the total numbers of the differentiable notification sequences generated by each of them are not equal.

The number of the distinguishable notification sequences (= nb of MBMS service groups) provided by method A is given by the following formula:
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where K denotes the number of considered notification indicators for one MBMS service group within one frame and Nni is the number of notification indicators per MICH frame.

And the other hand, method B generates a larger set of distinguishable sequences as shown by the following equation:
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where K denotes the number of notification indicators read by the UE over a spam of K frames.

With K=2 and Np=18, method A and method B provide respectively 153 and 324 distinguishable sequences.

Assuming ideal transmission and reception, the probability of false alarm (when only one MBMS service is notified per frame and only one MBMS service is monitored by the UE) can be easily derived and is given by the following formula:
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The following table summarizes the probability of false alarm of both methods and gives a comparison with the probability of false alarm for the R99 paging procedure.

Table 1– Probabilities of false alarm Pf for MBMS notification with K=2

	Np
	Current working assumption
	Method A

K=2
	Method B

K=2
	R99 Paging procedure false alarm

DRX cycle length =1.28s

1 paged UE per paging occasion

Uniform distribution of UE Id 

	18
	5.6%
	0.6%
	0.3%
	0.04%

	36
	2.8%
	0.2%
	0.08%
	0.02%


It can be noted that both proposed solutions are improving the system performances but method B seems to slightly outperform method A. However each of them fall short to match the probability of false alarm experienced with R99 paging procedure.

2.2.2 Probability of false alarm with multiple notifications

In the case that several MBMS services are simultaneously notified, another effect appears that increases the probability of false alarm for all proposed methods. Indeed, it is not always possible to separate several MBMS services or service groups when simultaneous notifications are allowed. This is shown in Figure 1, where the notification of 2 MBMS service groups over the MICH would create a false alarm for the UEs that are monitoring a third MBMS service group that is actually idle.


[image: image4.wmf] 

MICH

 

Nni notification indicators

 

= 1 Frame

 

MBMS service group 1

 

 

MBMS service group 3

 

 

False Alarm on MBMS

 

servi

ce group 2 !

 


Figure 1- False Alarm due to paging indicator overlapping (Method A)

All proposals suffer from the same effect increasing the probability of false alarm but it seems that the degradation is particularly severe for method A. In order to evaluate this, simulations have been performed, as a straightforward analytical evaluation would be difficult. The simulation results can be found in Figure 2 and complete simulation assumptions are depicted in Annex A.
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Figure 2- Probability of false alarm with 5 simultaneous notifications

The following can be concluded 

· The probability of false alarm with the current working assumption is the same as the one measured for both methods when the number K of indicators per message is one. In that case, the probability of false alarm is 25%.

· Method A performs poorly when multiple notifications are occurring and might not improve the probability of false alarm compared with the current working assumption of having a single notification indicator per notification message. 

Finally it should be noted that the values for the probability of false alarm presented by this simulation are particularly high but a conclusion on the actual performance of the notification procedure itself should not be derived, as the considered simulation assumptions are particularly extreme (low Nni and high number of simultaneously notifications). Probability of false alarm below 0.1% were observed with higher Nni and K=3. However at this point, the impact on the physical layer onto the actual probability of false alarm might become dominant and simulation including a real physical layer would be needed to evaluate exactly the system performances.

2.3 Comparison of implementation aspects

2.3.1 Method A

In [1], no detailed proposal has been done on how the MBMS service groups should be mapped onto indicators combination but a simple solution relying on a mapping table might be certainly a simple and efficient solution that could be easily implemented without significant complexity. The UE is required to read several indicators within a single frame but the impact on UE power consumption might be kept to a minimum with the help of efficient UE receiver management strategy.

2.3.2 Method B

On the other hand, with method B as proposed in [2], the UE has to read several notification indicators transmitted over multiple frames, which may have a negative impact on the UE power consumption. Although the real impact is difficult to measure as it depends mainly on the implementation of this function, method B may be more demanding on UE power resources than method A. 

Moreover, method B relies on the generation of an infinite pseudo random sequence truncated by the modification period boundaries although only K indicators per DRX cycle are actually needed by the MBMS notification monitoring function in the UE. For all MBMS services the user had joined (multicast mode) AND for all MBMS services that are simply broadcast (broadcast mode), the UE shall also generate the associated pseudo random sequences at all SFNs whereas only the K SFNs per DRX cycle, corresponding to the frames where the MICH reading actually takes place, are needed.  Therefore when the UE joins several MBMS services, the burden on the associated computation increases in a linear way.
2.4 Comparison summary

The comparison results are captured in the following table for convenience.

Table 2- Summary of comparison results

	
	Advantages
	Drawbacks

	Method A
	Notification message over 1 frame.
	High false alarm probability performance especially with simultaneous notification

	Method B
	Low false alarm probability.
	Notification message spread over multiple frames (increased UE power consumption).

Continuous generation of multiple pseudo random sequences (increased computation load).


From the performance aspects, method B is clearly outperforming method A, but might suffer from an higher demand on the UE power. 

In the next section, some enhancements of method B are proposed, which decrease the UE power consumption while keeping the same performance with respect to the probability of false alarm.    

3 Method B Enhancements

3.1 Cyclic transmission of notification coordinates

As explained above, method B creates a very long sequence of indicators but, from a UE point of view, only K indicators per DRX cycle are actually read by the UE. As only K indicators are considered by the UE, one extension of method B would be to transmit a notification sequence of length K that periodically repeats itself. Moreover this sequence should not be based on a pseudo random sequence, as this requires some computational power, but could be composed of “coordinates” which identify the notified entity. 

For example, with K=2, the number of notification sequence that can be differentiated is Nni^2. Within this set, the notification sequences can be ranked and each of them is identified by its Id n, which is an integer taken between 0 and Nni^2-1. Depending on the value of K, a notification sequence may be directly associated with an MBMS service (K high) or to an MBMS service group (K low).   

Furthermore the notification sequence Id space can be seen as a square of side Nni and the notification sequence Id n is uniquely identified by a set of two coordinates X(n) and Y(n) as shown in Figure 3.
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Figure 3- Cyclic transmission of notification coordinates (K=2)

The following set of equations gives the relation between n and its coordinates.
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where x and x are integer number between 0 to Nni -1

The x-axis and the y-axis coordinates of the nth MBMS service group Id are straightforwardly associated with the notification indicators of the MICH and can be periodically signalled to indicate the notification of entity (MBMS service or MBMS service group) associated with the nth notification sequence.

When a UE is receiving the MBMS service Id it has joined, notification sequence Id n and its x and y coordinates can be straightforwardly calculated with the help of the equation (2). This computation takes place only a single time whereas, in the original proposal, the UE needs to perform a significant amount of calculation at all SFN. 

From a performance point of view, this enhancement has exactly the same performances in terms of false alarm probability than the original method B, provided that the distribution of the notified MBMS services is uniform and K is not over dimensioned with respect to the actual needs.   

Finally, the same principle can be extended to longer notification sequence without any problem and generalized equations equivalent to Equations 1 and 2 are given in the Annex B.

3.2 Iterative reading of notification sequence

In section 2.3.2, it has been shown that method B, as presented in [2], requires reading several MICH frames before making a decision on the notification of the monitored entity and thus might cause a higher UE power consumption. However this problem might be alleviated by a slight modification of the reading process, which can apply easily to the original method B or its enhancement presented in the previous section.

Indeed the UE should not be required to read the complete indicator sequence before being able to draw a conclusion on the activation of the MBMS service of interest. A negative reading of the first indicator of the sequence informs that the considered MBMS service group is certainly not notified, which makes the decoding of further consecutive MICH frames pointless.  Moreover it might be more interesting for a UE that receives positive notification indicators to start reading the MCCH before the reception of K positive indicators. This might happen when the notification sequence is particularly long and a sufficient amount of positive indicators has already been received by the UE.

As a conclusion, method B enhanced with this feature should not require much more power than a simple one-indicator based notification procedure.

4 Conclusions
The following conclusions have been drawn in this contribution

1. The current working assumption on the MBMS notification procedure leads to poor performances regarding probability of false alarm. An enhancement is required.

2. Method A, as proposed in [1], performs poorly with respect to the associated probability of false alarm, especially when multiple notifications occur.

3. Method B, as proposed in [2], showed better probabilities of false alarm and is more robust. 

4. However the original Method B requires reading multiple MICH frames as well as higher computational resources, especially when multiple services are joined.
5. Two enhancements of method B are proposed in order to increase the UE battery lifetime while keeping the good performances. 

It is therefore proposed to select method B with the proposed enhancements for the MBMS notification. If this were agreeable by the group, Panasonic would be happy to provide the necessary text proposal and CRs to the relevant TS and TR.
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6 Annex A – Simulation results

The simulation assumptions and the complete simulation results are presented in the following tables. The same ranking between both methods has been observed under other conditions.

Table 3- Probability of false alarm Pf and mean time between false alarms

	K
	Method A
	Mean time between 2 false alarms in s.
	Method B and enhanced version
	Mean time between 2 false alarms in s.

	1
	25%
	0.04
	25%
	0.04

	2
	19%
	0.05
	6,2%
	0.16

	3
	20%
	0.05
	1,5%
	0.65

	4
	24%
	0.04
	0,4%
	2.50


Table 4- Simulation assumptions

	Parameter Name
	Value

	Number of tries
	100000

	Number of announced MBMS services 
	50

	Distribution of MBMS service ID
	Uniform

	Transmission, propagation channel and receiver characteristics
	Error free

	Number of indicator within 1 MICH frame (Np)
	18

	Number of MBMS services notified per frame
	5

	Number of MBMS services monitored by the UE
	1


7 Annex B – Generalized equations for cyclic notification sequence

For a sequence of length K, the notification sequence can be identified with K coordinates as follows:
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where Xi,n 
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[0, Nni-1] and Nni is the number of indicator per MICH frame.

The coordinates may be calculated as follows:
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It shall be however noted that other solutions for Equation 5 are possible.




� Nni (number of notification indicators per MICH frame) has been differentiated to Np (number if paging indicators per PICH frame) as each value is independent to each other. 
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