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Introduction

In the course of the last RAN2/3 ad hoc meeting on MBMS and subsequent RAN2#36 meeting, several proposals related to MBMS notification/paging mechanisms were presented without reaching an agreement on a definite solution. The merit of these technical solutions may be influenced by minimum UE capabilities for MBMS.

During RAN1/RAN2 joint meeting in Paris, terminal capabilities for MBMS were discussed. It has not yet been decided whether it is necessary or not that an MBMS UE supports simultaneous reception of more than one S-CCPCHs. Relaxing the requirements on terminal capabilities for MBMS so that reception of a single S-CCPCH is required is important for reducing the complexity of implementation and hence achieving wider penetration of MBMS terminals [1].  On the other side, however, it is feared that this may lead to a loss of MBMS data that may not be negligible [2]. In [8]  it is stated that “UEs may receive MBMS notification and simultaneously monitor other occasions, e.g. UE dedicated paging and CBS messages. The avoidance of collisions shall not be guaranteed. If collisions occur, the UE dedicated Paging has higher priority (UE requirement)”. 

This contribution aims at performing an initial analysis of the influence of UE capabilities on notifiation / paging mechanisms. Further, MBMS data loss for fulfilling certain minimum MBMS UE requirements is investigated when dedicated paging occasions  occur during an MBMS session. 
Discussion  

Mechanisms for MBMS Paging/Notifications  

As noted in the introductory section, different mechanisms for MBMS paging/notification have emerged on last meetings. Major guidelines when designing any paging protocol are to provide reliable paging detection within a reasonable time interval and to minimise UE power consumption.

The first group of proposals targeted at using MBMS group page mechanism with MBMS-specific DRX cycle and unchanged PICH structure[3, 5]. Even though usual PICH/PCH procedure is preserved, using MBMS group page mechanism leads to UE processing another PICH frame in addition to PICH frame corresponding to its dedicated DRX cycle. The relative time offset between these frames, assuming that the network decides to set corresponding dedicated and MBMS PICH indications simultaneously, depends on the difference between MBMS group PICH cycle and dedicated PICH cycle. MBMS service Id and notification parameters may be carried on MCCH. 

The second group of contributions proposed MBMS dedicated paging occasion for an MBMS UE with UE-specific DRX cycle and reusing 12 spare bits of PICH from Rel99/4/5 [4, 6, 7].  MBMS Paging Indicator (PI) and dedicated PI may be detected within the same PICH frame and MBMS service Id and notification parameters may be carried on MCCH [6, 7]. If network decides to set corresponding dedicated and MBMS PICH indications simultaneously , the PICH indication may be decoded within the same PICH frame for both types of service.  Alternatively, both MBMS PI and service Id may be transmitted within several consecutive DRX cycles corresponding to a number of PICH frames and MBMS notification parameters may be carried on MCCH [4].    

MCCH will be mapped on a common transport channel (FACH) which will be in turn mapped on an S-CCPCH. PCCH for dedicated services will be indirectly mapped to another S-CCPCH. This means that UE has sometimes to listen to both S-CCPCHs simultaneously if it is desired to minimise paging response time in all above proposals. 
Minimum Capabilities for MBMS UE and Potential MBMS Data Loss 

In order to consider minimum capabilities for MBMS UE, following two scenarios will be defined assuming that an MBMS UE is capable of receiving only a single S-CCPCH simultaneously. Potential MBMS data loss will be considered for both scenarios. 

1. UE is in CELL_FACH state of the RRC connected mode and MBMS service is received over ptm MBMS Radio Bearer. MTCH is mapped on FACH that is transmitted on S-CCPCH. Dedicated paging occasions are expected. It is assumed that PCH for these occasions is mapped to an S-CCPCH other than one carrying MBMS FACH.    

2. UE is in the RRC idle mode or in CELL_URA/PCH states of the RRC connected mode. Both dedicated paging occasions and MBMS notifications are expected. It is assumed that these are respectively carried on PCH/MCCH that are mapped on different S-CCPCHs.

In the first scenario, since the UE cannot receive two S-CCPCHs simultaneously and dedicated paging has higher priority, the reception of MBMS data will be temporarily stopped and the contents of dedicated PCH will be processed instead. It is estimated that the amount of lost MBMS data in this case will correspond to two S-CCPCH frames which is deemed to be negligible [1]. In the second scenario, MBMS notifications will be superceeded by dedicated paging occasions. If mechanisms from the first group of MBMS paging/notifications  proposals were implemented, it could happen that e.g. MBMS MCCH processing is cancelled without being completed and that so consumed UE power is spent in vain.  Moreover, MBMS notifications sent on a periodic basis may be used to support mobility as explained in the section 9.1 of [9]. 

In [10] it is explained that reasons for the data loss during MBMS cell change may be lack of data contents synchronisation between neighbouring cells and delays in MBMS Radio Bearer establishment procedures in the new cells. As stated before, MBMS periodic notification should support bearer establishment, but in the second scenario it may easily occur that its reception is cancelled in favour of dedicated paging occasion. Hence, MBMS data loss due to both lack of data synchronisation and delay in bearer establishment due to lost notification occasion may ensue. This loss is relatively larger than the one from the first scenario and its extent depends on several factors: period of the notification, the relative data loss due to lack of synchronisation, capability of MBMS codecs to “compensate” the loss etc. Furthermore, there have been several contributions indicating that TTI for S-CCPCH should be extended [11]. Longer TTI for MBMS S-CCPCH would lead to relatively larger loss in the described scenario. It is noted that “data loss during cell change should be minimal”, as stated in the section 5.2 of [8].
Conclusion
In this contribution we have considered different MBMS paging/notification solutions and  possible MBMS data loss assuming minimum UE MBMS capability of receiving a single S-CCPCH at the same time in two different scenarios. The efficient utilisation of UE power depending on MBMS paging/notification solutions has been considered for the second scenario. Following conclusions can be derived.  

· Time interval needed for MBMS paging/notification detection depends on minimum MBMS UE capabilities. 

· MBMS dedicated paging occasions based on UE-specific DRX cycle used for MBMS paging/notifications enable more efficient UE power utilisation assuming above defined minimum capabilities.

· MBMS data loss can be tolerated provided that MBMS data reception is interrupted by dedicated paging notifications assuming above defined minimum capabilities. However, in case MBMS notifications are superceeded by dedicated paging occasions, the loss may be far larger relatively to the  previous case.   

In order to proceeed with defining radio protocol architecture and signalling for MBMS, it is important to reach an agreement on whether the above loss can be tolerated and accordingly formulate a working assumption on minimum MBMS UE capability. In addition to this, detection time and power efficiency for different MBMS paging/notification proposals shall be carefully considered if it is chosen to define very limited  MBMS UE capability.
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