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1 Introduction

Currently the design of MBMS in LTE/SAE is still very immature, and much progress is needed before this aspect of the LTE/SAE Stage 2 can be considered complete. 
This contribution proposes a list of working assumptions to help develop the MBMS design in LTE/SAE, and then provides the procedures which are needed to support the MBMS transmission techniques. These should be discussed and captured in TS 36.300.
2 UTRAN Requirements
When designing the MBMS for LTE we should ensure that we learn from our experience of designing MBMS for UTRAN and GERAN. It is suggested that the following requirements of the overall system design of Rel-6 MBMS had the greatest impact on the overall system design complexity and efficiency:
1) The UTRAN needs to verify the identity of the UE prior to providing the MBMS service to the UE.

2) The UTRAN needs to verify that a UE responding to counting has subscribed to an MBMS service before transmitting the service on the cell. 
3) The 3G UE is required to be in PMM connected state when receiving MBMS on a PTP RB, and in some case when receiving MBMS on a PTM RB.
4) In UTRAN, a service always needs to be indicated in the MCCH prior to the UE being able to request the service from the eNodeB
5) Requirement of the maximum acceptable service outage at handover. 
3 LTE Proposals
It is proposed that the following is agreed and captured as the working assumptions for MBMS design in LTE/SAE:

1) No AS ciphering or integrity protection performed on MBMS user plane and MBMS-related signalling. (However it maybe simpler for UEs which are active simultaneously in MBMS and non-MBMS activities for the MBMS signalling and user plane to align with the security of the non-MBMS.) 
2) No UE Subscription verification performed by the eNodeB for MBMS. No UE context information is required to be propagated to the eNodeB.
3) The MBMS state machine is separate from the state machine for NAS for LTE.
a. The UE receiving MBMS either can receive the paging channel in parallel to the MBMS Service, or the eNodeB can perform some basic paging co-ordination.

b. The UE performs MM procedures and SM procedures independently to MBMS reception, e.g. (Periodic) TAUs and Service Request sent even if receiving MBMS.
4) For Mixed Cells:

a. For non-scheduled services the eNodeB at least provides an indication that the service has started, and if the UE requests the service, the UE is provided with an indication of the duration of the service.
b. For scheduled services the UE is informed of the availability of the services via an ESG at the application layer.
c. When the UE knows that a service is available the UE may request the eNodeB without waiting for explicit indication on MCCH.
5) For Dedicated carriers:

a.  Service availability and configuration can be periodically indicated on MCCH.
6) The UE mobility for MBMS reception should be based on cell reselection with UE measurement control, i.e. an equivalent to GPRS NC1.

7) MBMS Services can be in one of two modes: 

a. MBMS Broadcast mode - MBMS services sent in this mode are blindly transmitted everywhere within the “MBMS Delivery Area” by the eNodeB, and UEs do not need to leave RRC Idle to receive MBMS.
b. MBMS Multicast mode - MBMS services sent in this mode are not blindly transmitted everywhere, and the UEs receiving LTE MBMS are either in RRC Idle or RRC connected state.  
4 MBMS Radio Techniques
The following figure shows the MBMS transmissions which have been discussed for MBMS in LTE:
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Figure 1 Illustration of the MBMS Transmission mode in LTE/SAE
In the PTM-MC case illustrated above, the SFN transmissions from the neighbour cells have to be from enough neighbouring cells to provide sufficient combining gains to achieve cell edge coverage. 
In the PTM-SC case illustrated above, the transmissions from a single cell have to be at enough power, or protection to provide sufficient coverage. 
In the PTP case illustrated above, the transmission from a single cell to a single UE uses the same channels as Unicast data.
It is assumed that for MBMS services which are transmitted in multicast mode, the UEs receiving LTE MBMS are either in RRC Idle or RRC connected state, however the UEs are only in LTE Active state (equivalent of PMM Connected) if required by a non-MBMS service. Therefore if the UE is only receiving MBMS, no integrity protection or ciphering is established for this UE.

5 MBMS Procedures

The following architecture is assumed for the procedures described below. 
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Figure 2 Assumed MBMS Architecture in LTE/SAE
It is FFS whether the MBMS User plane packets sent from the BM-SC to all eNodeB, that are part of the IP Multicast Group, include GTP-U framing protocol. 
Anyhow a means is needed to allow all eNodeBs to be able to identify which IP Multicast packet received from the BM-SC maps onto which radio resource. The configuration of this process (referred below as the SFN synchronisation information) is provided by the MCE to all concerned eNodeBs.
5.1 Activation of an MBMS Service
The MBMS control interface between the MCE and the eNodeB, provides the eNodeB with the MBMS Service Profile. The eNodeB is informed about MBMS services when it starts and finishes. The MBMS Service Profile is specific to a MBMS service, and is stored at the eNodeB whilst a service on-going:

· TMGI 
· MBMS Session ID

· Transport-layer IP Multicast address.
· Indication of MBMS Delivery Mode: (PTP Mode, PTM Mode, Co-ordinated Mode) (See sub-clause 5.3)
· Indication of whether MBMS Service should be advertised on MCCH. (See sub-clause 5.2)
· MBMS Delivery Area (e.g. list of MBMS Service Areas)
· MBMS Session Duration. (See sub-clause 5.3)
· MBMS Service Priority (i.e. ARP of the service).
· (Optional) MCE-PTM configuration. (See sub-clause 5.6)
· (Optional) SFN State-Indication (Active, Reserved, In-Active). (See sub-clause 5.3)
· (Optional) SFN synchronisation information. 

· Event thresholds for triggering eNodeB – MCE updates ( See sub-clause 5.4, 5.7)
5.2 Service Announcement

MBMS Scheduled Services are MBMS Services where the session start and session stop times are known prior to the delivery of the service. This information is passed to the UEs through the MBMS Service Announcement, as in MBMS Rel-6. The UEs store this information in an Electronic Service Guide (ESG) or application layer programme schedule, and therefore it can be assumed that UEs know when they are allowed to and when they are not allowed to request a particular MBMS service.
MBMS Non-scheduled Services are MBMS Services where the session start and session stop times are not known prior to the delivery of the service. For these services the eNodeBs are provided an indication that the service needs to be advertised on the MCCH. The UEs should not request the eNodeBs for MBMS Non-scheduled services before seeing a service advertised on the MCCH. 
Note: 
It is assumed that the transmission on the MCCH is only required to indicate that a service is starting, and not required to indicate that an MBMS service is on-going in a cell.

For services which the eNodeB have a MCE-PTM configuration provided by the MCE, the eNodeB may include the MBMS RB configuration on the MCCH. When a UE requiring reception of the MBMS service receives this Service Announcement it does need to contact the eNodeB with the Service Establishment procedure.
5.3 Service Establishment
The UE may request an eNodeB for a MBMS service under the following conditions:
· When triggered to do so by the ESG; or
· When the MCCH includes an ID of a service to which the UE is subscribed (and no radio bearer configuration information is included); or
· When the UE was receiving the MBMS service on a previous cell and the UE-internal Duration Timer has not expired.
It is assumed that there will be a single bit transmitted on the BCH which indicates whether RACH access is allowed in a cell for the transmission of any MBMS related messaging, this is to avoid too much congestion from MBMS in extreme cases. Examples of MBMS messaging are shown below and these include: RR MBMS Request; Measurement Reports related to MBMS; and the RR MBMS Release Request.
For MBMS Broadcast mode it is assumed that the radio bearer configuration is transmitted on each cell. With the UEs being informed in the MBMS Service Announcement message transmitted at the application layer whether the Service will be transmitted in MBMS Broadcast mode or MBMS Multicast mode. 

The following procedure describes the MBMS Service Establishment procedure:
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Figure 3 Signalling Flow illustrating the Service Establishment procedure
In the first scheduled transmission the UE sends the RR MBMS Request message to the eNodeB, indicating the TMGI of associated to an IP Multicast service. As part of the RR Assignment message the eNodeB provides the UE with an indication of how long this MBMS service has remaining (MBMS Session Duration minus time service has been ongoing), and the UE Initialises an UE-internal Duration Timer.
If the UE requests the eNodeB for an MBMS service which the eNodeB has not been configured for, the eNodeB informs the UE that this TMGI is invalid. The UE in this case can be commanded not to re-request this service in this cell, or in a TA, or for a set time.
If a UE requests an MBMS Service where the MBMS Delivery Mode is set to PTP Mode, then:

· The eNodeB joins the IP Multicast Service associated with the requested MBMS service, to receive the MBMS user plane packets, if not already joined.
· The eNodeB allocates the UE a PTP Radio Bearer for the delivery of the MBMS service.

If a UE requests an MBMS Service where the MBMS Delivery Mode is set to PTM Mode, then:

· The eNodeB joins the IP Multicast Service associated with the requested MBMS service, to receive the MBMS user plane packets.

· The eNodeB allocates the UE a PTM RB for the delivery of the MBMS service. The PTM RB configuration in this case is decided by the eNodeB.

An MBMS service which has an MBMS delivery Mode set to Co-ordinated Mode can be in one of three states in each Cell, these are: Active, Reserved or In-Active state. In the Active state the eNodeB is transmitting the MBMS service using the MCE PTM configuration for this service provided by the MCE. In the Reserved state the eNodeB does not transmit on the resources described by the MCE-PTM configuration for this service provided by the MCE, this is to introduce guard cells around an SFN area. And the in the In-Active state the eNodeB need not make any special consideration for this MBMS service, and therefore this resource, described by the MCE PTM configuration, can be used for any service. The state in each cell of a service is controlled by the MCE. 
When a UE requests an MBMS Service where the MBMS Delivery Mode is set to Co-ordinated Mode, then:

· The eNodeB joins the IP Multicast Service associated with the requested MBMS service, to receive the MBMS user plane packets.

· If the State associated with the MBMS service is set to Reserved or In-Active then the eNodeB may allocate resources for the UE to receive the MBMS service whilst communicating with the MCE. In the case that the MCE responds by changes the state of the MBMS service in the eNodeB to Active, the eNodeB may reallocate the UE to the MCE PTM configuration.
· If the State associated with the MBMS service is set to Active then the eNodeB will signal MCE PTM configuration associated with the service to the UE. The eNodeB may then inform the MBMS Co-ordination Entity that there is an (additional) UE receiving this service. 

The eNodeB may be configured with Event thresholds which mean that the eNodeB does not contact the MCE every time the UE numbers change. Alternatively, the eNodeB could pass the UE ID to the co-ordination function, and this function could perform some kind of subscription check.

5.4 Service Mobility
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Figure 4 Signalling Flow illustrating the Service Mobility procedure
The mobility scenarios can be split into the following parts:

5.4.1 When the UE is receiving MBMS on either a PTP RB or a PTM–SC RB
It is assumed that the UE is configured with a measurement event, which triggers the UE to contact the eNodeB upon a certain condition, e.g. reception quality of MBMS bearer falling below a certain level. 
The Measurement Report from the UE provides the eNodeB with the identity of the target cell/eNodeB. The eNodeB instructs the UE to move to the target cell using a Cell Change Order message. If the Cell Change Order message is not received within a specified time the UE may autonomously reselect to the new cell.

If the service outage is too large, possibly due to the target eNodeB taking too long to acquire the MBMS content, then the source eNodeB may need to inform the target eNodeB, with the HO Indication message, that a UE should be expected for a certain MBMS service, allowing the target eNodeB to join the IP Multicast group for the service prior to the UE arrival on the target cell. If a UE does not arrive on the target eNodeB within a specified time after receiving the HO Indication message, then the target eNodeB should leave the IP Multicast group for the MBMS service.
In the case the UE is receiving MBMS and non-MBMS on the source cell, then the mobility procedures associated with the non-MBMS service takes priority. The fact that the UE is receiving MBMS is known by the eNodeB and therefore this can be taken into account when configuring the measurement control in the UE.
When the UE arrives on the target cell, it follows the Service Establishment procedure, including sending the RR MBMS Request message to the eNodeB, and passes the sequence number of the last packet received correctly by the UE. This sequence number can either be the sequence number of the IP Multicast packet, or could be a sequence number provided to the UE by the eNodeB in the Cell Change Order message, taken from a sequence number frame protocol on the backhaul e.g. GTP.
Some hysteresis must be present in the configuration of the measurement control to avoid unnecessary ping-pong of a UE between neighbouring cells.
5.4.2 When the UE is receiving MBMS on a PTM–MC
It is assumed that the UE is configured with a measurement event, which triggers the UE to contact the eNodeB upon a certain condition, e.g. reception quality of MBMS bearer falling below a certain level. 

When the Measurement condition is fulfilled, the UE contacts the eNodeB to inform it of the changing radio conditions. When contacting the eNodeB the UE continues to receive the MBMS transmission on the PTM-MC radio bearer in the cell.
The eNodeB based on the measurement event may instruct the UE to move to the new cell using the Cell Change Order.  If the Cell Change Order message is not received within a short time the UE may autonomously reselect to the new cell.
The eNodeB may contact the MBMS Co-ordination Function, to inform the entity that one less UE is receiving the MBMS service in the cell. The eNodeB may be configured with Event thresholds which mean that the eNodeB does not contact the MCE every time the UE numbers change.
Whilst the UE continues to receive the MBMS Service on the PTM-MC radio bearer it follows the Service Establishment procedure as described above, and sends the RR MBMS Request message to the new eNodeB.
In the case the UE is receiving MBMS and non-MBMS on the source cell, then the mobility procedures associated with the non-MBMS service takes priority. The fact that the UE is receiving MBMS is known by the eNodeB and therefore this can be taken into account when configuring the measurement control in the UE.
Some hysteresis must be present in the configuration of the measurement control to avoid unnecessary ping-pong of a UE between neighbouring cells.
5.5 Resource Reallocation/Reconfiguration
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Figure 5 Signalling Flow illustrating the Resource Reallocation/Reconfiguration procedure
5.5.1 When receiving MBMS on a PTP RB

The eNodeB can send a RR Reallocation message to the UE to provide the UE with the new configuration.

5.5.2 When receiving MBMS on a PTM-MC or PTM-SC RB – UE triggered

It is assumed that the UE is configured with a measurement event, which triggers the UE to contact the eNodeB upon a certain condition, e.g. reception quality of MBMS bearer falling below a certain level. When contacting the network the UE continues to receive the MBMS transmission on the PTM-MC or PTM-SC radio bearer.

When the UE informs the eNodeB of the changing radio conditions, the eNodeB may instruct the UE to move to a new radio configuration. 
5.5.3 When receiving MBMS on a PTM-MC or PTM-SC RB – Network triggered

If the eNodeB requires to trigger a reconfiguration of the PTM RB to a PTP radio bearer, the UEs are just signalled individually on the MCCH as the eNodeB maintains the list of UEs and their IDs in that cell. Any UEs which are not provided with specific instruction to move to a new configuration (or do not correctly receive their instruction) are then triggered to re-request the MBMS service. 
5.6 Resource Co-ordination
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Figure 6 Signalling Flow illustrating the Resource Co-ordination procedure
When an MBMS service commences the MCE may signal the MCE-PTM configuration which for this MBMS service to each eNodeB, as described in the Service Activation sub-clause.

During the life of the MBMS service the MCE-PTM configuration for the service may be changed by the MBMS Co-ordination Entity. The new configuration is signalled by the MCE to all the eNodeBs, possibly along with a start time associated with the configuration.

As discussed previously the MCE-PTM Configuration has an associated state: Active, Reserved, or In-Active. This state for each cell is controlled by the MBMS Co-ordination Entity. 

When the State-indication is set to Active, the eNodeB transmits the MBMS service on the MCE-PTM Configuration of the cell. When the State-indication is set to Reserved, the eNodeB should not make a transmission on the resource described by the MCE-PTM configuration. When the State-indication is set to In-Active, the eNodeB may use the resource identified by the PTM configuration for transmission of data for any service/UE.

5.7 Service Release Request
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Figure 7 Signalling Flow illustrating the Service Release Request procedure
When the UE no longer requires reception of an MBMS service it informs the eNodeB using the MBMS Release Request message. This may in turn trigger the eNodeB to inform the MBMS Co-ordination Entity. The eNodeB may be configured with Event thresholds which mean that the eNodeB does not contact the MCE every time the UE numbers change.
At any time the eNodeB may inform the UE that the MBMS service will no longer be provided on this cell, using the MBMS Release message. This message can either be sent to a specific UE, or sent on a common MBMS control channel, and should allow the UE to know when it is allowed to re-request the service.
5.8 Establishment of a non-MBMS service

It is assumed that the MBMS and non-MBMS aspects of the UE operate almost autonomously, except that the eNodeB is informed by the UE when the UE moves to LTE Active state which MBMS services the UE is receiving. 

Whilst the UE is receiving the MBMS service, the UE is assumed to still receive paging messages. This is either a requirement on the UE to listen to its paging group or a requirement on the eNodeB to provide some basic paging co-ordination.

If a UE is receiving MBMS and the security and ciphering procedures are triggered for non-MBMS service, it is FFS whether the ciphering and integrity protection should then also cover the MBMS-Related RRC signalling and user plane (over a PTP RB) for a UE.
6 Conclusion

This contribution has proposed a number of simplifications and procedures for the design of MBMS in LTE, which should be discussed and captured in TS 36.300.
_1232462261.vsd
PTP
PTP transmission on 
DL-SCH per UE



_1232468610.vsd
MCE


MME/UPE


BM-SC


eNodeB



_1232377256.vsd
UE


eNB


Random Access Preamble


Random Access Response


MBMS


Scheduled Transmission 
[ RR MBMS Request – TMGI ] 


 UPDATE 


Contention Resolution
[ RR Assignment ]


MBMS Co-ord Entitiy


 UPDATE ACK 


IGMP Join message 
[ IP Multicast ]


MBMS Data


 MBMS Data 



_1232378646.vsd
UE


eNB


RR Co-ord Response


RR Co-ord Request


MBMS Co-ord Entity


MBMS Transmission



_1232378669.vsd
UE


eNB


Random Access Preamble


Random Access Response


Next-Hop Router


Scheduled Transmission 
[ RR MBMS Release Request – TMGI ] 


 UPDATE 


Contention Resolution


MBMS Co-ord Entitiy


 UPDATE ACK 


IGMP “Leave” message 
[ IP Multicast ]



_1232378615.vsd
UE


Source
eNB


Random Access Preamble


Random Access Response


Target
eNB


Scheduled Transmission 
[ Measurement Report ] 


 UPDATE 


Contention Resolution
[ Cell Change Order ]


MBMS Co-ord Entitiy


 UPDATE ACK 


MBMS Service 
Establishment Procedure


Handover Indication
[ IP Multicast ]


Next-Hop Router


IGMP Join message 
[ IP Multicast ]



_1232365204.vsd
UE


eNB


Random Access Preamble


Random Access Response


Scheduled Transmission 
[ Measurement Report ] 


Contention Resolution
[ RR Reallocation ]



