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1. Introduction:

There is an ongoing discussion on how to develop a notification procedure for MBMS, some contributions envisage the use of the spare PICH capacity whereas others suggest notification mechanisms independent of the PICH. However, most of the MBMS paging contributions submitted so far to RAN2 envisage the utilization of the 12 spare PICH bits to carry MBMS paging information. So far there have been 2 different proposals on how to use the spare bits, each has it’s own advantages and disadvantages. This contribution discusses these proposals and aims to help provide a working solution on how to efficiently use the PICH to carry paging indicators throughout the MBMS paging procedure. 
2. Discussion:
So far RAN2 contributions have suggested 2 unique methods to utilize the 12 spare PICH bits for MBMS paging. These are summarized as follows:
· Used to carry Paging Indicators. [2]

The spare bits are used to carry paging indicators (as per existing normal paging mechanism, only calculated using MBMS service Id rather than IMSI). Because the amount of spare bits is limited to 12, when taking redundancy into account the number of MBMS paging indicators that can fit into each occasion is quiet small - 4 (3 bits each) or 3 (4 bits each). Also, because the maximum number of MBMS services available in a cell is foreseen to be quiet large (~100), each MBMS service will have to share the same paging indicator with many other MBMS services. This will lead to some UEs being paged unnecessarily.

· Used to carry MBMS specific data. [1]

The spare bits are used to carry MBMS specific data such as service id etc. Each paging occasion is used to carry paging information for a maximum of 1 MBMS service. This means that UEs are required to listen to consecutive PICH frames to collect all MBMS paging information. This solution is also not suited to scenarios where the number of concurrent MBMS pages are high. However, this solutions major drawback is that it is not resilient to transmission errors. Although an error detection mechanism may be employed, there is no form of error correction available, this can lead to UE’s being paged in error or not at all. It is therefore thought that this solution is not robust enough to act as an MBMS paging mechanism.
If the 12 spare bits can not be relied upon to carry MBMS data elements then the only alternative left available is to use them to carry paging indicators. As can be seen in the discussion above, this method has its own disadvantages, in particular the capacity issue that arises due to the small number of spare bits available. As each MBMS service can not be allocated its own paging indicator, many MBMS services will be forced into sharing the same one. It is therefore safe to assume that when using the spare bits to carry MBMS paging indicators that MBMS UEs will, on occasion, be paged and instructed to listen to the PCH/MCCH unnecessarily. 
A mechanism is needed - not to stop error paging altogether (as this is impossible using this method) - but to help reduce its frequency. The more the PICH is used throughout the MBMS service lifecycle the more UEs subscribed to other MBMS services sharing the same paging indicator will be paged in error. It is therefore beneficial to try to limit the periods of PICH usage where possible. This contribution attempts to identify areas where this may be possible.

PICH usage is required during the Notification and Data Transfer phases:

· The Notification phase will use the PICH for a minimum of 1 MBMS/DRX cycle per paging request (multiple paging requests may be required by the counting procedure) – in any case a relatively short period of PICH usage. It is therefore not feasible to reduce the paging frequency during the notification phase.

· The Data Transfer phase can potentially use the PICH for much longer periods.  Paging is required during the data transfer phase in order to alert UEs that the MBMS service is about to transmit or is currently transmitting data, it applies to the following:

· Previously joined Idle mode UEs which have roamed from a cell which doesn’t support MBMS after the notification phase has completed
· UEs which have joined and returned to Idle after the notification phase has completed

UEs which roam between cells supporting the MBMS service during the data transfer phase should be able to listen directly to MCCH. 
The following sections illustrate the possible PICH usage combinations during the Data Transfer phase. 
2.1 PICH used for duration of MBMS session
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Figure 1 PICH used during entire MBMS session 
MBMS paging is used at the Notification phase, if ‘counting’ is required then some Idle mode UEs may be required to move to connected mode, once the UTRAN determines the MBMS bearer type in the cell this information is then transmitted on MCCH. From now on the PICH is used to page UEs which have missed the initial notification phase, in order to get them to listen to MCCH and enable them to receive the MBMS transmission. 
As can be seen from the above diagram, in this solution the PICH is used from the point the Session is started until the Session is stopped. This will guarantee that all interested UEs which for some reason have missed the notification phase page will be instructed to listen to MCCH and will be able to receive the remainder of the transmission in the cell. On the other hand, it seems needless to page UEs in the period between the end of the second data burst and session stop, it is also unnecessary to page UEs for the whole duration of the period between data bursts (especially if this period is quiet long). As mentioned before, the more the PICH is used the more other MBMS UEs not subscribed to this service but using the same paging indicator will be paged in error. So in the example above an MBMS UE not subscribed to but sharing the same paging indicator as this service will be continually paged (once per MBMS/DRX cycle) and required to listen to MCCH needlessly from the point of session start up until session stop. This will have an effect on the UEs power consumption.
2.2 PICH used only before and during periods of actual Data Transfer
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Figure 2 PICH used only before and during periods of actual data transfer
In this solution the PICH is selectively used during the MBMS session. It is used for the Notification phase which comprises of 1 MBMS cycle, (perhaps more if the counting procedure can not decide on the bearer type). During the Data Transfer phase it is then used only for periods immediately before and during the transfer of MBMS data. The period of PICH usage before the actual data burst should be long enough to allow for Idle mode UEs to move to connected mode (in the case of p-t-p bearer), the RNC will queue any MBMS data received during this period. The PICH is then also used throughout the period of the data bursts, this will allow late coming UEs to receive the remaining portion of the transmission. As before all other MBMS UEs sharing a paging indicator with this service will be unnecessarily paged once per MBMS/DRX cycle during the periods of PICH usage. However, it remains to be seen how useful it is to receive the last few seconds of a streaming clip (it may be more beneficial to wait for the next repetition) so there remains scope to further refine the PICH usage.
2.3 PICH used only before periods of actual Data Transfer
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Figure 3 PICH used only before periods of actual data transfer
Here the PICH usage is at an absolute minimum, it is used for the notification phase to determine the bearer type and get interested UEs listening to the MBMS bearer. It is then only used for periods immediately before data transfer bursts in order to notify interested UEs who have missed the notification phase. The period of this page should be long enough to move Idle mode UEs into connected mode (for p-t-p bearers), again the RNC will queue any MBMS data received during this period. In this solution interested UEs will not be able to receive an MBMS transmission after it has started, instead they will have to wait until the next repetition. On the other hand, because PICH usage is minimal, UEs joined to other MBMS services sharing the same paging indicator will not be severely impacted.
3. Conclusion:

As can be seen from the above discussion, using the PICH to carry paging indicators is the most robust solution for the MBMS procedure. However because the spare capacity on the PICH is so limited and MBMS services will somehow have to share this capacity, it is important that the PICH is used as efficiently as possible. 

Some examples of efficient PICH usage have been presented in this document however these examples are not exhaustive and should be used as a means to start a discussion to find the most suitable solution.
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