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1. Introduction

At RAN3#53bis L2 Content Synchronisation has been discussed. It has been agreed to capture the different proposals [1], [2] and [3] along the template provided in [1].

This document contains the respective text proposal for R3.018 to be included under section 6.19.2.5 Content Synchronisation.

2. Text for 6.19.2.5 Content Synchronisation 
For SFN (Single Frequency Network) operation it has to be ensured that all cells, involved in SFN transmission for a certain service, transmit within the synchronised radio frames, exactly the same data, on exactly the same physical layer resources (e.g. frequencies). 

This can be achieved provided that in every involved cell the physical layer processing to generate the radio frames is identical and if it is ensured that all the physical layers in the different cells process the same input, i.e. transport blocks representing the L2 content, to generate the radio frame to be transmitted at a certain time. 

In the following two major alternatives to achieve this L2 Content Synchronisation are described. These alternatives are a Rel-6 like ‘Transport Channel Level Content Synchronisation’ and a ‘SAE Bearer Level Content Synchronisation’ . 
For the second alternative additionally an option ‘eBM-SC assisted Content Synchronization’ to allow for an synchronisation originating in the eBM-SC and a variant ‘PDCP Frame Segmentation/Concatenation Protocol Level Synchronisation’, where the synchronisation is performed on the level of a new MBMS specific protocol layer below PDCP, is described.
Transport Channel Level L2 Content Synchronisation


Figure 1 depicts an approach for L2 Content Synchronisation which inherits the principles from Rel-6 MBMS. Transport blocks generated by a single entity are distributed via an Iub like interface M1 to all the involved eNodeBs. The synchronization is achieved as in Rel-6 by using a frame protocol (denoted by SYNC) indicating for every transport block (set) generated in ‘eMBMS Central Entity’ at which time (in Rel-6 expressed as CFN), it has to be transmitted. The red color is used to highlight the RAN3 relevant architecture aspects. The main aspects are:

· An additional logical eUTRAN node ‘eMBMS central entity’ has to be defined, to allow clear separation between eUTRAN and EPC. This is the case since the ‘MBMS central server’ contains radio specific functions and because the EPC should be radio agnostic.
· An eNodeB will have three interfaces. The well established S1 and X2 interface. Additionally a MBMS specific interface M1 between the logical ‘eMBMS Central Entity’ and the ‘eNB’s.  M1 will support eMBMS content synchronization on transport block level (i.e. input to the physical layer level).

· The M1 interface in the user plane works on transport block level.

Note: mUPE shall indicate a functional entity responsible for functions like header compression for eMBMS. The MBMS Central Entity and the mUPE can be merged.
Summary of the functions and characteristics of  Transport Channel Level L2 Content Synchronisation:

· Means to consistently configure the Physical Layer in all involved eNodeBs to allow for identical physical layer processing.

· Generate L2 Content i.e. transport blocks at a SFN area central entity.

· Means to multicast transport blocks to all involved eNodeBs and to ensure that the same transport blocks are used in the different eNodeBs to generate the radio frames to be transmitted at a certain time.

· The eMBMS architecture will diverge from LTE Unicast architecture in biggest degree.

2.1. SAE Bearer Level L2 Content Synchronisation


[image: image1]Figure x1: User Plane Architecture for L2 Content Synchronisation on SAE Bearer Level  
Figure x1 depicts an approach for L2 Content Synchronisation which is consistent with the architectural principles
 agreed for LTE unicast. SAE Bearer Level PDUs generated by a single entity are distributed by multicast to all the involved eNodeBs. L2 Content Synchronization is achieved by ensuring that 

a) the traffic handling in all the involved eNodeBs in RLC, MAC is identical and synchronized
; 

b) the RLC/MAC layers in the different eNodeBs use the same input (i.e. SAE Bearer level PDUs) to generate the transport blocks to be transmitted during a certain TTI. This requirement is called SAE Bearer Level Content Synchronisation.

To allow this SAE Bearer Level Content Synchronization some protocol means have to be provided on S1 interface. This protocol is denoted by SYNC. Details of the SYNC protocol are out of scope of this document, but it is likely that such a protocol would make use of time stamping of content data in the distributing entity (i.e. UPE) and an evaluation of these time stamps in the different eNodeBs.

The red color is used to highlight the RAN3 relevant architecture aspects. The main aspects are:

· No extra logical nodes in the user plane.  
· Reuse of S1 interface. The S1 interface will support eMBMS Content Synchronisation on SAE Bearer PDU level (i.e. input to RLC level) by a SYNC protocol.

Note: mUPE shall indicate a functional entity responsible for functions like header compression for eMBMS and being an end point for the synchronization protocol SYNC. It is assumed that a single eNodeB is receiving content data for a service from exactly one mUPE. Content synchronization is achieved between all eNodeBs connected to a single mUPE. If it is required that an SFN area extends over eNodeBs connected to different mUPE, these mUPEs have to be synchronized (see 2.2.1. Option: eBM-SC assisted Content Synchronization).
Summary of the functions and characteristics SAE Bearer Level L2 Content Synchronisation:

· Means to consistently configure the Physical, MAC and RLC layers in all involved eNodeBs to allow for identical traffic handling and physical layer processing. 

· Generate SAE Bearer PDUs i.e. header compressed MBMS service RLC SDU level packets at a SFN area central entity (e.g. mUPE).

· Means to multicast SAE Bearer PDUs to all involved eNodeBs and to ensure that the same PDUs are used in the different eNodeBs to generate the radio frames to be transmitted at a certain time.

2.1.1. Option: eBM-SC assisted Content Synchronization

The eBM-SC can indicate transmission timing to eNB provided that BM-SCs and eNBs obtain the same clock. If  a MBMS service area is covered by large number of eNB accommodated by plural aGWs, this option is effective to ensure simultaneous transmission.
The reason why the eBM-SC should provide timing information related to the MBMS content is because it is considered as the node at the root of the MBMS content distribution tree towards the eNBs. 

eBM-SC assisted contents synchronization can be done by following principle:

1. eBM-SCs have the absolute time as eNBs have by clock synchronization function like e.g. GPS or IEEE1588. 2. BM-SCs add the absolute time stamp which indicates air transmission timing in eNB to each MBMS data packet.

3. BM-SCs send MBMS data packets before the air transmission timing. Maximum S1 transmission delay will be considered in deciding when MBMS data packets should be sent from BM-SC.

4. MBMS data packets are distributed appropriately on routers according to IP multi-cast tree

5. aGWs relay PDCP processed MBMS data packets to S1 interface with the time stamp (or corresponded frame number) indicated by eBM-SC.
6. eNBs store PDCP processed MBMS data packets and transmit them into the air according to the indicated time stamp. eNBs send MBMS data packets with higher priority than uni-cast data to enable the transmission according to the indicated timing.

[image: image2]Figure X2:User plane architecture for eBM-SC assisted contents synchronization
Figure X2 shows the user plane architecture for eBM-SC assisted contents synchronization.
Note: mUPE shall indicate a functional entity responsible for functions like header compression for eMBMS and being an end point for the synchronization protocol SYNC. eBM-SC is a BM-SC function enhanced by content synchronization support. 

2.1.2. Option: PDCP Frame Segmentation/Concatenation Protocol Level Synchronisation
 In order to avoid any major changes to the current SAE/LTE architecture due to the MBMS support and to ease the segmentation and concatenation to optimise the air interface transmission capacity new user plane MBMS specific protocol layer below PDCP is introduced. The termination end points for the MBMS specific sub layer would be mUPE and UE.
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 Figure X2:The proposed protocol stack for the MBMS U-plane multi-cell transmission
Figure X2 shows the user plane protocol stack of the proposed content synchronization scheme which makes use of a new protocol layer m-Sgm allowing for segmentation and concatenation of PDCP frames.

The tasks of that MBMS specific sub layer (i.e, m-Sgm) are to produce data packets of static size by segmenting and concatenating PDCP frames as long as there is data in the buffer. The MBMS specific sub layer is used only for the MBMS user data intended for the eNodeBs operating in multi-cell mode and it is transparent for the eNodeBs. 

The timing information indicating the transmission time point in the radio interface is delivered to the eNodeBs as an MBMS specific parameter in the S1-u PDU header.(i.e, SYNC) 

In this alternative, it is assumed that RLC will be transparent mode. Thus no RLC functionality in eNodeB is expected. However, compositing MAC header and packing the S1 PDU into MAC PDU is MAC functionality in eNB. Thus multiplexing MTCH and MCCH and marking it in the MAC header, adding the MBMS service IE to distinguish MBMS services, adding padding in case the S1 PDU is shorter that maximum size can be candidate MAC functionalities, subject to further discussion. 

This alternative aims to minimize air interface overhead, physical layer complexity and time-stamping complexity by providing the simplest solution for segmentation and concatenation with an MBMS architecture as close as possible to Unicast architecture.
2.1.3. Open Issues 

· Nature of timing information (e.g. provided in time stamps). Absolute time or time derived from radio frame timing?
· Details of the SYNC protocol. How to indicate the transmission timing on SYNC protocol, e.g. packet by packet or only first packet of MBMS data flow?

· Impact of packet loss on SFN operation in the different alternatives?
· Handling of packet loss on S1 or ‘Gmb’ to minimise impact on SFN operation?

· Details of means for consistent PHY configuration?
· Details of means for consistent RLC/MAC configuration?
· How to decide transmission timing between MBMS services, e.g. dynamic or pre-configured?

· PDCP layer for eMBMS needed?
· Does the synchronization method, especially regarding the use of the “time stamp” allow both static (pre-configured) and flexible scheduling of the transmission?
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Synchronised and Identical Traffic Handling in RLC, MAC and physical layers on the same SAE Bearer PDUs in the different eNodeBs yields L2 content synchronism. 
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SYNC: Protocol to synchronise data used to generate a certain radio frame
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Synchronised and Identical Physical Layer Handling on the same Transport Blocks in the different eNodeBs yields L2 content synchronism. 
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SYNC: Protocol to synchronise data used to generate a certain radio frame
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SYNC: Protocol to synchronise data used to generate a certain radio frame








� One principle is e.g. that an  eNodeB is provided with header compressed RLC SDU level packets and not with transport blocks for physical layer service.


� Synchronized means that the MAC layers in the different eNodeBs provide identical input (i.e. Transport Block) for each TTI to the physical layer.
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SYNC: Protocol to synchronise data used to generate a certain radio frame
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