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1.
Introduction

The concept of in-band notification is already included in the TS as FFS. During RAN2 #41, [1] provided a discussion on the pros and cons of introducing in-band notifications. 
We do not regard the need to read the MICH in parallel with other channels as a complex procedure from the UE point of view. Also, false alarm reduction for UEs able to receive the in-band NI (i.e. UEs monitoring the MCCH and MTCH), is inconsequential if we apply a mechanism such as what is described in [2]. The only advantage that should be considered is the potential use of in-band notifications in order to reduce the MICH load, and therefore the false alarm rate.
In this document we are going to review how in-band notifications could be used to reduce MICH load and how this can be translated into the possibility to support a larger number of services at equal false alarm probability. Finally, we are going to suggest a way forward on the issue of in-band notification.
2.
Use of SNI for MICH load reduction
2.1
Notification scenarios

The objective of notification is to prompt UEs interested in a given service group to read the MCCH. Reading the MCCH could be needed for a number of different reasons:

· Change service specific cell re-selection information

· Start counting / re-counting

· Start /end service

· Change MTCH S-CCPCH information (code, TFCS)

· Change MTCH RB information

2.2
In-band Notification on MTCH

Most of these modifications, i.e. re-counting, service end, change of S-CCPCH and RB information, only impact users who are already receiving the service. Users who are not interested in the service do not need to have the latest MCCH information until they become interested in it again. At that point they can simply receive the MCCH one more time before attempting to decode the MTCH. 

Therefore, if in-band notifications are sent on the MTCH it would be possible to limit the use of the MICH based notification to counting, service start and target frequency information change. 
In the most basic scenario the setup and tear-down of a session would require three notifications one each respectively for counting, RB setup/session start and finally session end. When using in-band notification, it would be possible to forego the notification during session end. Thus reducing the number of notification intervals from 3 to 2.
MCCH based in-band notifications could easily be set up by simply adding a bit per service in the MCCH system information message. There would therefore not be a need for any additional formatting/distribution schemes. Furthermore, ensuring the reliability of this message could rely on the same protocol mechanisms that we will have in place for the system information message itself , i.e. the UE is required to read the entire MBMS system information during the modification period following a modification period where the MICH is set. 

2.3
In-band Notification on MCCH
Another alternative that is being considered (see [3]) is to send a notification indication on the MCCH. The MICH notification scheme requires that MCCH content changes are performed on boundaries of the modification schedule. As can be seen in [3], completing the counting and the RB establishment would require setting the NI on the MICH over two consecutive modification periods. The idea is that the MCCH in-band notification could be used to require UEs to read the MCCH again at the follow modification period, therefore eliminating the need for another notification on the MICH.
Going back to the basic scenario defined above, using in-band notification on MCCH would allow foregoing the use of MICH before the modification period providing the RB setup/session start information. Therefore, using in-band notifications both on the MCCH and MTCH would allow to limit the number of notification intervals from 3 to 1.
MTCH based in-band notification would require the creation of a new message. This message would include at least the service ID (up to eight bytes) for which reading the MCCH is necessary. Compared with scheduling information, which we have already agreed to send in-band on the MTCH, the notification information will be cell-specific. This implies that the information included in the message will need to be per cell and that it will not be possible to support selection combining for it. 

Reliability requirement is another aspect by which to contrast in-band notification and scheduling information. Reception of the notification is critical, lest the UE miss the MCCH information change and therefore be unable to continue receiving the service. Missing the scheduling information on the other hand would just result in some additional battery drain. To ensure reliability, this message would therefore need to be re-transmitted a number of times. Of course, some residual error rate will doubtless remain. If the UE is aware that it has missed (failed CRC) the notification message, then it could even attempt to read the MCCH just in case. However, it would only be possible to rely on UE awareness if the message is transmitted with some fixed schedule. This would essentially introduce a number of new protocol questions.
2.4
Illustration

The figures below aim to illustrate the notification process for the basic case, where the session is started and ended without the need for re-configuration or for migration of users to a different carrier. For convenience, we only identify the periods where the MICH NI corresponding to the service is set, and where the MCCH content needs to be read by the UE. Figure 1 illustrates the case where only the MICH is used for notification. 

[image: image1]
Figure 1: Basic Scenario with MICH only notification

Figure 2 illustrates the case where in-band notification is used both on the MCCH and MTCH. These notification indications are labelled in yellow. For convenience we did not capture re-transmissions on these notifications which would undoubtedly be needed to ensure reception.

[image: image2]
Figure 2: Basic Scenario with SNI on MCCH and MTCH
As can be seen, the MICH notification is only needed to indicate the very first reading of the MCCH.
3.
MICH False Alarm Analysis
3.1
Definitions / Default values
· UE MICH reading interval (
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): 

The interval at which the UE attempts to detect the NI on the MICH for each of the services it is subscribed to. We will assume that this value is 1 second, as this would have no significant impact on UE battery life.
· Number of NIs (
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): 
The number of NI symbols in which the MICH frame is divided. A doubling of this number would require a doubling of the power with which the MICH is transmitted in order to maintain the same performance. We will consider 18 and 36 symbols in our calculations below, as these are the most typical values for the R’99 PICH.
· Modification Period (
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): 
The interval at which the critical MCCH information can be changed. We will assume a default value of 5 seconds, as it gives a reasonable compromise between delay and performance.
· Number of modification periods per session where NI is set (
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): 
The number of modification periods during which the NI needs to be set for a given session. For the basic scenario, it would be necessary to send notifications at the beginning of the counting, for the RB setup and then at the end of session, i.e. the value would be 3.
· Average session duration (
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): 

The average amount of time that the session lasts, including the notification intervals. We are going to consider values of 60 and 120 seconds.

· Average number of active services (
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): 

The average number of services that are active at the same time.
· Average number of UE subscriptions (
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):
The average number of services that each UE is subscribed to. 

3.2
Calculations
In the calculations below we will assume that the NI position for each service varies independently with time (as per our proposal). We will also assume that the UE will make a hard decision each time it attempts to detect the NI, and that the signal will be high enough that the detection is always correct. Therefore, the only source of error will be due to an overlap of the NI from different services.
The number of MICH samples is the number of times that the UE attempted to detect the NI within a modification period:
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Let 
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 be the average number of NIs set, the false alarm probability on a single sample will be:
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(1)
Of course, this is assuming that 
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 is significantly smaller than 
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, and that therefore the overlap of NIs of different services does not significantly impact the results.

If we assume that the UE will perform a majority decision based on the 
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 that it receives, then the probability of false alarm for a single service is the probability that there are: 
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. Based on the binomial distribution, the probability would be:
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(2)
Then, the probability of false alarm for a single user is going to be the probability that there is no false alarm on any of the subscriptions is:
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(3)
All of these calculations are provided in the attached Excel spreadsheet to allow everyone to experiment with.

3.3
Specific examples
The first thing to decide on is what would be an acceptable level for a UE false alarm rate. We expect that 5% would be a reasonable upper bound on it, so this is what we will assume in what follows.

As is described above, we will assume that 
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 is 1 second and 
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 is 5 seconds. This essentially defines all the parameters for equation (2). Similarly, once we set the number of subscriptions per UE, we have all the parameters for equation (3). In what follows, we will consider the values 5, 10 and 20. 
Based on these assumptions, it is possible to determine the value of 
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 that yields the 5% UE false alarm probability. These values are: 10.62% for 5 subscriptions, 8.33% for 10 subscriptions and 6.55% for 20 subscriptions. As expected, the probability of sample false alarm probability that can be tolerated decreases with the number of services.

Based on these targets, it is possible to figure the trade off between the number of active services, the number of modification periods per session for which the NIs are set, the session duration and the number of NIs based on the following equality:
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If we assume 
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=3, 
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=60seconds and
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=36, then the number of active services that can be supported is 15 for 5 subscriptions, 12 for 10 subscriptions and 9 for 20 subscriptions.
This number can be doubled by doubling the session duration or by doubling the number of NIs.

3.4
Impact of using SNI(s)

As described in section 2, the use of the SNIs would allow to reduce 
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 from 3 to 1. It would therefore triple the number of active services that can be supported at a given probability of false alarm as indicated by equation (1). Similarly, if there is no need for supporting more services, it could be used to reduce the number of NI symbols on MICH, thus reducing its power requirement.
4.
Conclusion

The basic conclusions to draw from the information provided in this document are the following:

1. The use of in-band indications would reduce the load on the MICH.

2. There are other methods (e.g. increasing the number of NIs on the MICH) for keeping the false alarm probability in check.

3. It is impossible for operators to configure their system in order to guarantee a given level of false alarm probability on the MICH unless they introduce strict controls on the service characteristics (e.g. number of active services, number of services UEs subscribe to, average session duration).
Note that the types of controls mentioned above would need to be in place independently of whether in-band notification mechanisms are used or not. Their use would merely push back the point where the false alarm probability limit is exceeded.

The implementation complexity of supporting in-band notifications should be relatively minimal on the UE side. If its use were to be mandated on the network side, it would even allow to eliminate the need for UEs to receive the MICH in parallel with the MCCH and/or MTCH. The main disadvantage would lay yet again with the proliferation of options that will need to be debugged at the standards level and also be properly tested. As explained in section 2, the in-band notification on MCCH adds very little complexity to the procedures, as it relies on mechanisms which are already in place. The in-band notification on MTCH on the other hand is a feature that introduces a number of questions (see section 2) and for which very little of what has already been done could be leveraged.

Our opinion is that we should attempt to keep MBMS as simple as possible. There are multiple important features coming up both for implementers and standards people (HSDPA, EUL, etc.). The potential cost for not including the in-band notification would be an increase in the power of the MICH, rather than a complete break-down of the system. Therefore, we would propose to only introduce in-band notifications on the MCCH, the support of which would be trivial. The corresponding false alarm performance can be derived by using 
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=2 in the spreadsheet, thus resulting in a 50% increase in the number of active services that can be supported at the same false alarm probability level. 
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