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Introduction

In this paper different notification solutions for MBMS are discussed. All discussed solutions have been more or less presented in contributions submitted to earlier 3GPP RANWG2 meetings. And in general following notification solutions has been presented 

· Rel-99 core network originated paging based on IMSI, [2]
· New RNC originated paging based on TGMI or other group ID [1]
· The introduction of new MBMS specific control channel (MCCH/NCCH), [3]
· Pure PICH based solution using only 12 available bits on PICH [4]
· The use of MCCH together with available 12 bits on PICH. [4], [5], [7]
In following chapters pros and cons of each solution are described and in the final section a working assumption is proposed based on comparison.

Notification Based on Rel-99 Core Network Originated Paging

In reference [2], a solution is presented, where the ptm or ptp channel selection is possible only when all joined UEs are in RRC connected state. During discussion concerning this proposal in MBMS ad hoc, it was proposed that a Rel-99 CN originated paging should be used, to have all UEs in RRC connected mode.

However the use of Rel-99 paging would introduce severe problems for MBMS as 

· Each UE must be paged individually from CN introducing high PCH load before MBMS transmission 

· Each UE must establish the RRC connection and respond to CN, when they receive the paging message introducing high signaling load to UTRAN due RRC connection establishment procedures

· The setup delay of MBMS service would be significant when high number of UEs is paged.

· In case of uplink congestion the UEs which cannot establish the RRC connection would not be able to receive MBMS data even though MBMS data is transmitted in cell via ptm channel.

· In case when one RA includes “hot spot” and “normal” MBMS service areas the CN could not know which UE is inside “hot spot” and which one is not, i.e. which UE should be paged to RRC connected mode and which not.

· A separate notification method is required for “hot spots” MBMS service areas so that UEs inside that area would notice the MBMS data transmission but not have to establish RRC connection. 

It should be also noted clearly that these paging and RRC Connection Setup procedures would consume exact same resources as paging and RRC Connection Setup procedures done for Rel99-5 UE dedicated point-to-point services like voice introducing a risk that paging delay for Rel99-5 UE dedicated point-to-point services is increased due to start of a MBMS service. 

Even though the setup delay is not seen as problem so that paging load on PCH and RRC Connection establishment load is smoothed over longer time period, it was concluded, in MBMS ad hoc that UTRAN cannot force UE in CELL_FACH, CELL_PCH or in URA_PCH to keep the RRC connection due to UE cell reselections.  Therefore this scheme would easily lead into a situation where UE must be paged multiple times per one MBMS service session.

In general a MBMS notification solution based on the Rel-99 paging does not support MBMS reception in IDLE mode, thus it cannot be utilized for MBMS. 

Notification by Using RNC Originated Paging Based on TMGI

The reference [1] presents an idea to use RNC originated paging with TMGI or other group ID to notify all joined UE simultaneously. Because all joined UE would receive the same paging message the number of sent paging message is reduced compared to Rel-99 paging solution. However this solution has following drawbacks:

· The paging concept of Rel99 must be modified so that TGMI can be used 

· Modifications are also needed to paging response so that all UEs does not have to reply to paging as they do today.

· TMGI must be used in DRX calculation in UE, so that each joined UE would listen PICH same time. There fore each UE would have n * TMGI+IMSI different DRX cycles increasing UE power consumption. In the formula n presents the number MBMS services that UE has joined.

· TMGI must be used also to calculate paging indicator to PICH, i.e. MBMS paging starts competing for the same resources on PICH with Rel99-5 ptp services in case when TMGI and IMSI gives same paging moment

· In case when paging moment on PCH is same for Rel99-5 UE as MBMS service based on TMGI, a Rel99-5 UE would interpreted PICH as there would be paging possible coming on PCH.

· Paging based on TMGI consumes the capacity of the PCH from Rel99-5 services ptp services, thus the adjustment of the MBMS notification capacity independently from Rel99-5 paging capacity is problematic.

· The TMGI paging must be repeated to every PCH of the cell or the in PCH and PICH selection rule must be modified, specified in TS25.304

· If new MBMS specific PCH is introduced, a new PICH would be also needed, which introduces a backward compatibility problem in PCH and PICH selection rule for Rel99-5 UEs.

· TMGI paging must be repeated to ensure that UEs do not miss it, which increases the overall delay

· UE coming in to the cell in IDLE mode or in URA_PCH mode after TMGI paging process must initiate uplink signalling to obtain MBMS information. In case that UE happens to come outside service are where MBMS service was not available the UE does not have any knowledge from transmitted MBMS service

Due to presented UE power consumption and severe backward compatibility problems the RNC originate paging based on TMGI is not suitable for MBMS notification.

Notification on MBMS Control Channel 

In [3] the general UE procedures was presented. In that phase it was assumed that the MBMS control channel (MCCH) is available for the joined UEs. The basic problem that this solution faces is that how the joined UE knows the availability of the MCCH and how UE can use DRX when the MCCH is available. The SIB signaling could indicate, even though not very flexible way, the presence of MCCH but it cannot support the use of DRX, and therefore clearly some kind new indication is needed, and thus the MCCH alone is not suitable for MBMS notification.

Pure PICH Based Solution

The pure PICH based solution was presented in [4] as a first possible candidate. The idea was that twelve unused bits from PICH frame introduces the MBMS notification. Because the numbers of available bits are so limited the joined UE listens not only one PICH frame but also several consecutive to obtain complete MBMS notification information. The exact number of how many consecutive frames UE must listen is depending of used coding. The one possible coding was also presented in [4].  

The great benefit of this solution is that only one DRX would be needed in UE and calculation of it would remain as in Rel99. Moreover this solution would keep the current paging as it is, so that backward compatibility of Rel99-5 would not be jeopardized.  

It was also discussed in [6] that the joined UE would receive the used ptm channel parameters as a combination of signaling on SIB, and PICH so that in the case when number of joined RRC connected mode UE (due to other ptp services) is high enough to establish a ptm channel, also the joined UE in URA_PCH, CELL_PCH and in IDLE mode would detect the used point-to-multipoint channel independently. 

On the other hand, the notification on PICH could be repeated in air continuously, so that during cell reselection the UE, in URA_PCH state and in IDLE mode, could promptly detect the availability of the MBMS service. Thus UE would be able to continue to MBMS data reception by itself, without requesting parameters from RNC.

The main drawback of this solution is that number of available bits on PICH is so limited that coding multiple simultaneous MBMS service notifications to it can be come problematic. 

Notification Using PICH Together with MCCH

The solution, which uses the available bits in PICH together with MCCH, was presented in [4] as a second candidate. The idea was that twelve unused bits from PICH frame introduces a scheduling for the MCCH.  As in solution of pure PICH, explained in previous chapter, the UE wakes up to listen the PICH based on its IMSI as in Rel’99, but listens less consecutive PICH frames compared to solution pure PICH based solution. 

By listening, in consecutive PICH frames, the UE obtains information of currently transmitted MBMS service and scheduling/timing information of forthcoming MBMS notification on MCCH.

Thus, the UE would have knowledge when to listen MCCH, enabling dynamic scheduling of MBMS notifications and use of MCCH without introducing new DRX cycles to UE. The dynamic scheduling of the notification is especially useful in case when no MBMS data is to be transmitted in near future in cell, because the UE does not have to listen MCCH at all.

On another hand, because a separate MCCH is use this solution does not suffer capacity problems to indicate multiple simultaneous services or any additional information needed to establish ptm channel as pure PICH based solution. Moreover because separate new signaling channel is introduced the capacity of this it can be configured in optimum way for the cell.

Moreover, because the current MBMS service ID (current means here the MBMS service which is transmitted at the moment) is repeated in PICH frames, so that during cell reselection the UE, in URA_PCH state and in IDLE mode, could promptly detect the availability of the MBMS service as in pure PICH based solution. Thus UE would be able to continue to MBMS data reception by itself, without requesting parameters from RNC.

Conclusion

From all so far proposed notification solutions, only pure PICH based notification solution and notification using PICH together with MCCH can support DRX of UE in efficient manner. Moreover, both of these solutions would not introduce any backward compatibility problems for Rel99-5 UEs. 

Therefore it is proposed that the use of 12 available bits from PICH, and the scheme where UE listen more than one PICH frame to obtain complete MBMS information from PICH, are taken as working assumption for MBMS notifications. 

It could be also concluded that 12 available bits from PICH are used to indicate the availability of separate MCCH in cell. The exact use of 12 available bits from PICH is left for Stage-3.  

Moreover, a liaison statement is sent to 3GPP RAN WG1 to evaluate the performance and usage of the 12 available bits of PICH.

References

[1] R2-030046 MBMS Notification mechanism, Siemens

[2] R2-030032 MBMS variable transmission mode: activation and deactivation signalling flows, Ericsson and 3
[3] R2-030050 UE MBMS Procedures, Nortel

[4] R2-030003 On MBMS Notifications, Nokia

[5] R2-030132 MBMS Notification Mechanism, Siemens

[6] R2-030002 Signalling MBMS RB parameters to UE, Nokia

[7] R2-030710 Notification solution based on PICH
