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Introduction

A SFN is realised over a group of cells (an MBSFN cluster) covering a geographic area (the SFN area) by the use of the same scrambling code with respect to one or more timeslots for TDD and by the use of same primary scrambling code for FDD. The application of SFN is for DL transmissions only. Allied to SFN is the use of higher order modulation techniques, e.g. 16QAM, and the use of new burst types (TDD only) in order to deliver the data rates that are possible due to the increased capacity gained by the use of SFN operation. A CR to 25.346 capturing the Stage 2 description of MBMS SFN operation has already been agreed for FDD and 3.84/7.68 Mcps TDD. This document provides an overview of what is agreed in the CR to 25.346 and and gives background information for the choices made in development of the Stage 3 CRs. 
The following three cases need to be covered by Stage 3 CRs:
(1) A TDD carrier supporting a mix of unicast and MBMS in which some or all MBMS broadcast services are provided by SFN (via certain timeslots assigned to SFN)

(2) A TDD DL-only carrier supporting MBMS broadcast services via SFN
(3) A FDD DL-only carrier supporting MBMS broadcast services via SFN
Changes to RAN2 specifications need to be developed to take account of
· For TDD: Use of a slot specific scrambling code (instead of a cell specific scrambling code)
· For FDD and TDD: use of 16QAM (in addition to QPSK)

· For TDD: use of a new burst type 
The following backwards compatibility requirements need to be considered:

(A) A non-SFN capable UE requiring unicast or MBMS services should not be capable of selecting a DL only carrier providing MBMS SFN (a DL only carrier only supports MBMS via SFN).
(B) It should be possible to support a non-SFN capable UE requiring unicast services and/or MBMS services not provided via SFN by using the carrier that provides both UL and DL services and/or by TDD slots not allocated to SFN in case (1).

(C) For case (1), if all MBMS services are supported by SFN then the non-SFN capable UE should be able to quickly determine that it cannot obtain MBMS services.

Requirement (A) is envisaged to be met using physical layer mechanisms (e.g. use of new burst type on P-CCPCH for TDD) and/or an indication that the cell is barred (this can be achieved by the absence of certain System Information Blocks), preventing the non-SFN capable UE selecting a carrier operating in MBSFN mode (DL only). Furthermore it is proposed to include an explicit indication that enables the UE to know that the frequency found is operating in MBSFN mode and provides MBSFN service. Already used concepts for testing and setup of cells (i.e. reserved cells for operator use etc.) are maintained.
Requirement (B) can be met by having the MCCH configured to use time slots that are not assigned to SFN. In this case the MCCH continues to be defined as in Rel-6 and only some MTCHs (and/or MSCH) are configured to use SFN slots. Other MTCHs (and/or MSCH) may be configured to use non-SFN slots.
Requirement (C) can be met by use of a new MCCH configuration (provided via enhanced Release 7 System Information Blocks). A Release 6 UE will not receive the old MCCH configuration (via Release 6 System Information Blocks) and will therefore conclude that MCCH is not provided and that it cannot receive MBMS services. 
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Modelling
In order to receive an MBSFN service the UE receiver supporting MBSFN operation is modelled basically as a separate stack operating in RRC “idle mode” with respect to the DL-only carrier regardless of the UEs  RRC state with respect to the carrier providing unicast services, which is envisaged to  be operating in an independent stack.
2.1
Cell search and system information
As also highlighted in [5] the node-Bs within an SFN area would all transmit primary and secondary syncronisation (SCH), a primary common pilot channel (P-CPICH, FDD only), a primary common control physical channel (P-CCPCH) and possibly several secondary common control physical chanels (S-)CCPCH which would carry only MCCH, MSCH and MTCH transport channels. Additionally MBMS indication channel (MICH) is used along with MCCH in a similar manner to release 6 MBMS.

The P-SCH and S-SCH synchronisation channels allow the UE to determine the code group of the SFN area common scrambling code, and the actual scrambling code used is determined from the P-CPICH (for FDD) or from the P-CCPCH midamble (for TDD ). The physical layer details of the downlink channels on the multicast carrier should reuse as much as possible the existing physical channel structures. 
For case (2) and (3):

· Most of existing System Information Blocks are not relevant and include mandatory parameters relating to procedures and channels which are inappropriate to a cell providing MBSFN mode DL only). Many of the System Information Blocks and IEs relating to Physical Channels are not relevant as indicated in [1]. However those related to S-CCPCH (for MTCH, MCCH and MSCH), PCCPCH for BCH and MICH are relevant. Therefore it is proposed that BCH should include
· Master Information Block (needed to select a cell listing an appropriate PLMN identity) + (optionally) Scheduling Block 1 and/or 2
· System Information Block 3 – this is extended to indicate MBSFN only service

· System Information Block 5 and 5 bis – for TDD this extended to indicate the slots providing MBSFN and the scrambling code to be used for each slot

· System Information Block 11 (needed to provide information of cells to be measured (inter frequency and intra frequency)

· System information that is not supposed to be included is indicated in the 25.331 such that the UE shall behave as if the information was not received, i.e. the actions as specified in clauses 8.6 are not triggered for those information elements.
· Furthermore messages “MBMS Access Information”, “MBMS Neighbouring Cell p-t-m rb Information”, are not needed because obviously counting is not supported, and also selective and soft combining are not supported.
· In addition System Information Block 11 is extended for use on the unicast carrier so that it may provide details of the frequencies used for MBSFN only cells. This can then be used by the UE for efficient search and selection of a suitable MBSFN mode carrier.

For case (1) the relevance of System Information Blocks is as in Rel-6. However System Information Block 5/5 bis is extended (TDD only) to indicated the slots providing MBSFN and the scrambling code to be used for each slot.

2.2
Procedures and Messages
Various MBMS related procedures and messages are modified to indicate their applicability or not to MBSFN mode.
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UE capabilities / 25.306 Impacts

It is proposed to add new tables to 25.306, similar to 4.13-4 and 4.13-4a, to cover cases (1) and (2). These new tables are developed assuming a service data rate (for broadcast TV) of 512 kbits/s and an MCCH data rate of 8 kbits/s.
For cases (1) , (2) and (3) it is assumed that the UE’s unicast capabilities are not impacted.
In FDD for QPSK modulation the minimum SF has been chosen to 4 with a TTI length of 40 msec, and the minimum SF for 16QAM has been chosen as 8 with a TTI length of 40 msec. This allows to perform still DRX with a data rate of 512kbps, and on the other hand, for the case where the SF and TTI are increased to SF 8 and TTI length of 80 msec for QPSK and SF 16 and TTI length of 80 msec for 16QAM this allows to achieve the maximum diversity gain, still supporting a data rate of 512kbps.
For TDD, an 80 msec TTI is supported at 512 kbits/s on one slot or 2 slots per radio frame.

Use of of soft/selective combining between MBSFN clusters is not relevant.
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Mobility / 25.304
4.1
Intra frequency UE mobility

We propose various changes various changes to describe the concept of an MBSFN cluster and its selection/reselection. Selection/reselection criteria are based on reception quality of services which the UE is interested in. Details of the process by which the UE selects/reselects MBSFN clusters are regarded as outside the scope of 3GPP specifications. It is assumed that the process may take account of

· Reception quality of services that the UE is interested in receiving

· Signal strength of neighbour cells

· Knowledge concerning which frequencies provide the services that the UE is interested in receiving (this is provided via MBMS preferred layer information and/or may be provided via the BMS—SC via a point-to-point connection on the unicast carrier)

Text is also added to specifically to permit a UE to receive MBMS services via a cell operating in MBSFN mode even though it may be barred as far as other services are concerned.

4.1
Inter frequency UE mobility

One requirement from operators is the possibility to be able to deploy several layers operating in MBSFN mode, and to allow the UEs to be as much as possible aware of the services that are available on other layers operating in MBSFN mode. Because one requirement is to not impact the Rel6 MBMS by the deployment of MBSFN and vice versa, it is not desirable to indicate available services in Rel6 MBMS on the carrier operating in MBSFN mode, and vice versa. For TV service and other broadcast services, it is only necessary to receive one service at a time. Therefore the UE selects the frequency depending on the service that it wants to receive independent on radio conditions.
In order to address the requirement to allow the UE to be aware of the services that are ongoing on different frequencies the straight forward solution is to indicate services on other frequencies using the preferred frequency information IE. In the USI message it is possible to address up to 64 services on the current and the neighbouring frequencies which seems sufficient, considering that the target application is a TV service.
There are scenarios in which it is not possible on one of the frequencies to indicate the available services on another frequency. This is e.g. the case when one frequency is deployed with an SFN cluster covering one country and another frequency on which there are many smaller SFN clusters that cover the same area. In this case it is possible in the MBSFN clusters that only have local coverage to indicate services in both the local cluster and the national cluster. However it is not possible to indicate in the national cluster both services in the national cluster and the local cluster, because the national cluster may cover many local clusters with many different services.
Therefore the “MBMS Preferred frequency information” information in the message “MBMS General Info” is used in order to indicate not only the frequencies in the same coverage that may provide MBMS services, but indicates also more information for each frequency, i.e.:

· Whether the services in the neighbouring frequency are indicated on the current frequency (e.g. the current frequency broadcasts the local service in a local clusters, and the neighbouring frequency is a national cluster)
· The UE does not have to check available services on other frequencies

· Whether the services in the neighbouring frequencies are not indicated on the current frequency (e.g. the current frequency broadcasts the national service in a national cluster), but the indicated neighbouring frequency indicates all available services (e.g. the neighbouring frequency is a local cluster and indicates all available services in its coverage area)
· The UE should select this frequency in order to be aware of all ongoing services
· Whether the services in the neighbouring frequencies are not indicated on the current frequency (e.g. the current frequency broadcasts the national service in a national cluster), and the indicated neighbouring frequency may not indicate all available services neither (e.g. the neighbouring frequency may also be a national cluster and not be able to indicate all available services in its coverage area)

· The UE should regularly check the available services on this frequency in order to be aware of all ongoing services

It has to be highlighted that when the UE is receiving a service on a layer with nationwide coverage this does not allow the UE to be aware of services that are / become available on other frequencies.
4.2
Seamless switching between Rel6 MBMS and MBMS MBSFN carrier
For Case (2) and (3) coverage of the MBSFN cluster will naturally be limited to areas that are of interest for operators. The possibility of seamless service between Rel6 MBMS and MBMS on a dedicated carrier can be achieved by configuring different bearer services for MBSFN and UMTS Rel6 that relate to the same user service. Thus, when a given bearer service is not available any more on the MBSFN carrier due to loss of coverage NAS could request the reception of the corresponding bearer service on UMTS. This could allow seamless operation; however, the requirement that the RNC controlling the unicast service should not need to communicate with the RNC controlling MBSFN needs to be respected. 
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DRX and power saving
An important aspect for the UE implementation is power saving. In the general case the UE is supposed to regularly scan for available frequencies that provide MBSFN service, similarly to the background scan in the case of roaming. However, in order to optimize the possibility for the receiver activation it is proposed in the draft CRs to allow the possibility on the unicast carrier to indicate whether TDD / FDD MBSFN frequencies are available, and to provide a list with the frequencies. If there is no specific indication the UE will perform the regular scan.
DRX during the reception of MTCH for TDD is already inherent, because the transport channel on which a service is multiplexed will be transmitted only on one or two slots, and the UE is informed about the mapping of services to transport channels and to slots via the MCCH.

For FDD it is proposed to limit the number of simultaneous transport channels to two, i.e. either MTCH and MSCH or onlyl MTCH. Also the UE capability allows to use TTIs of 40 to 80 msec. Thus in FDD after receiving one frame the UE can determine based on the TFCI whether the transport channel that carries the service that it is interested in is transmitted in the current TTI, and thus the UE can perform DRX during the remainder of the TTI if this is not the case.
MSCH gives another possibility for efficient power saving for interruptions that are longer and are proposed to be still supported also in MBSFN operation.
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Conclusion

The rationale for the different choices proposed in the draft CRs in [1], [2], [3], [4], has been given. It is proposed to discuss and agree on these proposals if they are acceptable for the group.
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