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1. Introduction

For SFN (Single Frequency Network) operation it has to be ensured that all the eNodeBs, involved in SFN transmission for a certain service, transmit at the same time exactly the same MBMS service data, in exactly the same PDUs using exactly the same PRB (Physical Radio Resource Blocks).

In the last RAN2 and RAN3 meetings it has been agreed to subdivide the synchronisation requirements for SFN operations in physical layer frame timing synchronisation, L2 content transmission synchronisation and resource block allocation synchronisation. For reference refer e.g. to the approved CR to 25.813 in [1].

This document discusses the two major alternatives for L2 Content transmission synchronisation. These alternatives are a Rel-6 like ‘Transport Channel Level Content Synchronisation’ and a ‘SAE Bearer Level Content Synchronisation’ .

The conclusion will be the proposal to agree on the alternative ‘SAE Bearer Level Content Synchronisation’.

2. Discussion : Content Synchronisation Alternatives
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 alternatives to achieve this L2 Content Synchronisation are discussed.

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 “MBMS Central Server” 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 server’ 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 “MBMS Central Server” 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.

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.

2.1. SAE Bearer Level L2 Content Synchronisation


[image: image1]Figure 2: User Plane Architecture for L2 Content Synchronisation on SAE Bearer Level  
Figure 2 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.

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 IP packets at a SFN area central entity (i.e. UPE).

· 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.

2.2. Comparison

	Criterion
	Transport Channel Level Sync.
	SAE Bearer Level Sync.

	Reuse of Rel-6 principles
	+

Reuse of Iub frame protocol
	- 
new SYNC protocol has to be worked out.

	Minimizes the number of interfaces (-> minimum OPEX)
	- 

eNB has to provide M1 and S1 
	+

S1 used for eMBMS and unicast.

	Clear functional split: Radio Transparent to EPC.
	o / -

“eMBMS central server” in neighbor ship of UPE / UPE with Radio Functions
	+

EPC provides SAE Bearer level PDUs.

	Aligned protocol stacks and functional allocations for eMBMS and unicast.
	-

Unicast: RLC and MAC in eNodeB

eMBMS: RLC and MAC in ‘eMBMS central server’
	+

Same protocol stack for unicast and eMBMS.

	Minimum number of nodes for UP processing
	-

Separate ‘eMBMS central server’ for UP or violation of principle ‘EPC shall be radio agnostic.
	+


Table 1: Comparison of the two alternatives

As the comparison in table 1 shows the alternative SAE Bearer Level L2 Content Synchronization is superior to the Transport Channel Level L2 Content Synchronization with respect to most of the criteria.

3. Conclusion

This document has analysed two architectural approaches for L2 Content Synchronisation namely SAE Bearer Level L2 Content Synchronization and Transport Channel Level L2 Content Synchronization.

It has been shown that SAE Bearer Level L2 Content Synchronization is superior to the Transport Channel Level L2 Content Synchronization.

Therefore Alcatel proposes to agree on the architectural approach SAE Bearer Level L2 Content Synchronization, to capture this agreement in the agreement section of the RAN3 internal TR R3.018 and to include the section 2 in an appropriate place of the TR

It is further proposed to work out the details of the following functions:

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

· SAE Bearer PDU Synchronization: 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.

4. References

[1] RP-060629; 25.813 Rel-7 CR on MBMS Transmissions & synchronization requirements and removal of note 1; Motorola; RAN plenary #33
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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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� One principle is e.g. that an  eNodeB is provided with header compressed application level IP 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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