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1.
Introduction
During recent meetings, a significant amount of time has been dedicated on discussing the use of a PICH in the context of MBMS. This was seen as a means for notifying UEs interested in a specific service, or service group, that they need to read MBMS related information. Most of the discussion was concentrated on the UE DRX pattern that would be required to support such a scheme. The final conclusion during RAN2 #39 was that the MBMS PICH would be set continuously during a period at least as long as the longest DRX cycle, so as to allow all the UEs in the cell to detect it while only waking up during their regular DRX cycle. 

Very little discussion has taken place on how such a mechanism would tie-in with existing MBMS procedures. Indeed, it is not yet clear in what cases MBMS PICH (MICH) would be set and what the UE behavior would be upon detecting it. 

In this document we propose a notification solution and we outline how it could be used to cover all the existing scenarios. Finally, we discuss the pros and cons relative to other alternatives.

2.
Background
2.1
MBMS PICH (MICH)

The exact physical layer format of the MICH has not yet been agreed. However, the current understanding is that the MICH frame is going to have the same duration as a PICH frame (10ms) and that each of these frames will include a number of notification indications (NIs), in the same way as the R’99 PICH includes multiple paging indications (PIs). 

Each of these NIs would be associated with a service group (there will probably not be enough NIs to insure different ones for each service). The association between NIs and service IDs could be signaled on the MCCH, or the service IDs could be hashed to generate the associated NI, in the same way as for the PICH and UE IDs.

2.2
Scenarios
Mostly, the objective of the notification using the MICH will be 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
2.3
Desirable features of a scheme

As summarized above, the MICH would carry a single bit of information for each service group. Therefore, it is not possible for the UE to verify that the information it received was correct (no CRC). Also, the MCCH itself will be transmitted on an S-CCPCH using RLC-UM mode. Thus, the UE might miss one or even two MCCH transmissions before decoding it correctly. Therefore, the notification scheme would need to be highly tolerant to channel errors.

Because UEs are allowed to only listen to the MICH during their own DRX cycle, UEs will become aware of the need to read the MCCH in an asynchronous manner. It is therefore impossible for the MICH flag timing to convey anything about the MCCH timing, in the way of the PICH and the PCH. It is therefore necessary to define some kind of schedule for the MCCH transmission (see [1]). This schedule would need to be transmitted on the BCCH.

The notification scheme will need to be flexible enough to reach users in any of the following UE MBMS related states:

· UEs expecting a service to come on

· UEs actively monitoring a service but interested in other services

· UEs being turned on (or where user is becoming interested in MBMS) or coming from another cell

Some of the changes in the MCCH will reflect important changes on the MTCH (e.g. S-CCPCH or MTCH re-configurations). Just as for R’99 signalling, these would need to be applied synchronously at the transmitter and the receiver. In that case, the MCCH information would include an activation time and would need to be sent some time in advance. 
3
Proposal

The group has not yet agreed on whether the MICH would be the only notification scheme (see [2]). In this document we do not make any particular assumption in this respect. The proposed notification scheme would work for UEs in any state in which they are able to read (even occasionally) the MICH.
3.1
MCCH Schedule
The proposed MCCH schedule is two-fold. A repetition schedule would be defined, according to which the MCCH information would be sent periodically. The period identifies the beginning of the MCCH transmission. The duration need not be specified as it can be derived from the TFCI (as soon as MCCH data is not transmitted, it will no longer be necessary to read the MCCH S-CCPCH). 
This repetition is meant to handle UEs which just started monitoring the service on this cell. This could happen because of any one of the following reasons:

· the phone was just turned on,

· the user just became interested in MBMS, or:

· the UE just changed cell (if the neighbour information is not made available). 

If we discount the cell-change case, the other scenarios would present relatively high delay tolerance. Thus, if the neighbour information is transmitted on the MCCH, this repetition period could be made relatively long.

In addition to this repetition schedule, there would also be a modification period. This period would be a multiple of the repetition period and would represent the only times at which the “critical” content of the MCCH could be modified. By critical it is meant changes that absolutely need to be read by the UE in order to receive MBMS content.
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Figure 1: Illustration on MCCH Schedule
Time aligning MCCH modifications would give much better knowledge at the UE of when it would be useful to read the MCCH. Of course, this would come at the expense of some additional delays as well as some restrictions in applying modifications on the network side.

3.2
Notification

The MICH bit for a service group would be set during the entire modification period preceding a change in the service independent information or in the service specific information for this service. The modification period would need to be longer than a minimum value, and UEs would be required to have detected the MICH with good enough reliability during that time, independently of their DRX cycle. This would allow most UEs to read the MICH during their regular DRX cycle, but may force UEs with very long DRX cycles to wake up in between. This is not seen as a particular problem as long as the minimum length of the modification period is sufficiently long (e.g. 2 seconds).
So, it is fairly reasonable to assume that all users will be ready to start receiving the MCCH at the beginning of the next modification period. The MCCH content itself will include an activation time for the MTCH related information. It would therefore be possible to have closer re-transmissions at the beginning of the modification period, in order to ensure that all of the active users are able to receive the new MCCH information as soon as possible.
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Figure 2: Illustration of MICH timing relative to Modification cycle
Hence, UEs would monitor the NIs corresponding to services they are interested in. When they detect an NI, they would attempt to read the MCCH at the beginning of the next modification cycle. At that time, they should listen to the MCCH as long as it takes to decode it correctly, or until the continuous transmissions of the MCCH are interrupted. This could be detected by UEs using the TFCI even if they are unable to decode the channel correctly. 
The MCCH would include the updated MTCH information and potentially an activation time. Activation times on the MCCH can always be defined relative to the Modification and the repetition cycles, thus making the amount of information required very limited. A more detailed illustration of how this could work is provided in the figure below.
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Figure 3: Illustration of Notification scheme
Of course, UEs which start monitoring the service between the time the new MCCH content is applied and the activation time will not be able to receive the ongoing service. Therefore, there is an incentive to make this time as short as possible. The proposed scheme achieves this by ensuring that all UEs are made aware in advance of the timing of the MCCH change and by allowing the re-transmission of the MCCH information at the beginning of the modification cycle. 
3.3
Counting / Re-counting

The counting / re-counting procedure will most likely rely on two configuration parameters, a counting flag and an access back-off parameter. Optionally, it may be possible to also define an “access info period”. This period could be an integer divider of the repetition period defined above and could define the period at which the access related information (flag & back-off parameter) would be re-transmitted. That way, one could ensure that it is transmitted often enough to allow good control of the access procedures, and that new UEs monitoring the system will receive the information if they follow the basic MCCH schedule sent on the BCCH. The counting flag will be set when the counting procedure is on-going. The access back-off parameter will define the probability with which UEs will attempt to access the system in order to set up an RRC connection.
The same notification procedure outlined above could be used in order to initiate the counting procedure. The counting flag would only be modified to “set” at the beginning of the modification cycle. Also, the same access info period would have to be used throughout a given modification period. Any other change (including un-setting the counting flag) could be performed at any access info period. When the UE sees the counting flag, it will follow the back-off procedure using the access back-off parameter included in that message. From that point on, it will attempt to read the MCCH at every access info period until either it decodes an MCCH message in which the counting flag is off, or it moves to RRC connected mode. 
The figure below illustrates this solution:
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Figure 4: Illustration of counting scheme
3.4
Summary of proposal
· Introduce schedule for MCCH:
· MCCH information will be repeated based on a repetition period,

· The modification period will be a multiple of the repetition period,

· Changes in critical MCCH information will not be performed in the middle of a modification period,

· MICH will be set throughout the modification period preceding a change in critical MCCH information,

· UEs will monitor the MICH at their convenience but will ensure good detection probability within any modification period,

· Upon detecting the MICH, they will start receiving the MCCH until they decode it correctly,

· If the counting flag is set, the UEs will:

· Attempt to access the system based on access back-off parameter in that message,

· Read the MCCH at every access info period until they receive an “un-set” counting flag, or they move to RRC connected mode,
· Update the access back-off parameter based on what is received in the MCCH.
4.
Discussion
During earlier discussions in RAN2, three mechanisms were discussed/proposed:

· MICH based
· Notification on the S-CCPCH carrying the MTCH (Only for UEs actively monitoring a service)
· Dedicated paging 
Dedicated paging is only applicable to the case of RRC connected UEs. Sending a notification on the S-CCPCH carrying the MTCH is another method for notifying users of a re-configuration during an on-going session (e.g. due to the introduction of another service on the same S-CCPCH). Since it is sent in-band the notification could carry more information, including potentially the actual service ID and/or an activation time. This could lead to lower false alarm probability, at the expense of additional overhead (see discussions in [2] and [3]).
Pros:
· Reduces UE wake up time
· UEs will know exactly how long the MICH will be on, and when it would be useful to read the MCCH.

· Allows all (most) UEs to start listening to the MCCH at the same time
· Simplifies counting configuration (reduces un-predictable random-ness)

· Allows tighter re-transmissions specifically at the time where MCCH is modified
· Cuts down on delay in receiving new MCCH information
· Applicable in all scenarios and for all UE states
· Very little overhead (especially if the MICH design remains based on BPSK)
Cons:

· Requires to listen to the MICH continuously (even during MTCH reception)

· Has potentially higher false alarm probability than in-band notification

· Introduces additional delay in changing the MCCH contents
5.
Conclusion
It is proposed to adopt the proposed MCCH scheduling scheme in order to give the UE a better knowledge of when it might need to read the MCCH. In [1], it was proposed to make the MCCH scheduling flexible in order to accommodate transmissions on the PCH in case the two are mapped onto the same S-CCPCH. This is seen as un-necessary. It is proposed to require that at least the beginning of the MCCH message be sent at the pre-defined times. The network could ensure that this is done either by not multiplexing the MCCH together with a PCH or simply by provisioning enough resources.

It is proposed to adopt the scheme described in this document as the main mechanism used for counting and notifications before the service has started (e.g. service start or cell re-selection parameter change). Depending on the group’s decision on the inclusion of an in-band notification mechanism this mechanism could also be used for the notification during on-going transmissions.
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