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1. Introduction
The potential candidates for the MBMS content synchronization are captured in R3.018. As mentioned in section 6.19.2.5.3, the SAE bearer level L2 content synchronization is based on unicast architecture and the segmentation and concatenation of MBMS is done in RLC/MAC functionality in eNodeB. 
In this document the principle of the contents synchronization mechanism and the SYNC protocol are proposed as a further clarification to the SAE bearer level L2 content synchronization in R3.018, The document also propose to apply ‘SAE Bearer level L2 content synchronisation’ option as the baseline of LTE MBMS architecture..
2. Review of SAE Bearer Level Content Synchronization

The overall U-plane architecture of the SAE bearer level content synchronization is shown in fig.1. This architecture is based on the functional allocation for unicast and the SYNC protocol layer is defined additionally between transport network layer and PDCP to support content synchronization mechanism.
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Fig.1 The overall u-plane architecture of the SAE bearer level content synchronization

3. Proposal

3.1 Contents synchronization principle
The content synchronization is provided by the following principle.
1.
All eNodeBs in a given Multi-cell MBMS Synchronization Area have a synchronised radio frame timing such the radio frames are transmitted at the same time. 
2.
All eNodeBs have the same configuration of RLC/MAC/PHY for each MBMS service. These are indicated in advance by MCE.
3.
A single mUPE sends/broadcasts PDCP processed MBMS packet with the SYNC protocol to each eNodeB serving the MBSFN area.
4.
The SYNC protocol provides additional information to identify transmission radio frame timing and detect packet loss to each eNodeB. 
5.
eNodeB buffers PDCP processed MBMS packet and waits for the transmission timing indicated in the SYNC protocol. 
6.
The segmentation/concatenation is needed for MBMS packets and should be totally up to the RLC/MAC layer in eNodeB.
7.  For the packet loss case the transmission of radio blocks potentially impacted by the lost packet should be muted or padded (FFS).
3.2 SYNC protocol
The SYNC protocol is defined as a protocol to carry additional information that enable eNodeBs to identify transmission radio frame timing and detect packet loss. The SYNC protocol is applicable in DL and may be specified as a part of GTP-U or independent protocol.
Regarding how to indicate the transmission timing there are two options as following. 

Alt.1 Timing indication on U-plane
The SYNC protocol is involved in the timing indication process. The header of SYNC protocol includes following information elements.

- Timing indicator
The timing indicator field is used for timing synchronization and re-synchronization. eNodeB shall commence transmission of the packet at  the first transmission opportunity at or after the indicated time.
- Cumulative byte counter
The cumulative byte counter is used to retain synchronization of transmission and determine the number of lost bytes in case of packet loss.
- Sequence number (FFS)
The sequence number could be used to detect packet losses and to determine the number of lost packets. This sequence number may be reused of GTP-U sequence number.
The timing indicator may be included in the header of a MBMS packet (or packets) or may be sent separately before a group of MBMS packets.
Alt.2 Timing indication using C-plane and content synchronization on U-plane

The SYNC protocol is only involved in the relative timing indication process. The header of SYNC protocol includes following information elements.

- Cumulative byte counter
The cumulative byte counter is used to retain synchronization of transmission and determine the number of lost bytes in case of packet loss.

- Sequence number (FFS)
The sequence number could be used to detect packet losses and to determine the number of lost packets. This sequence number may be reused of GTP-U sequence number.
The timing indicator, indicating start of a MBMS service in terms of an absolute time is indicated by the MCE entity to each eNodeB participating in the MBSFN multi-cell transmission at the time of eNodeB configuration. The eNodeB shall commence the transmission of MBMS service and start the cumulative byte counter at indicated time.  
4. Conclusion
The big advantage of SAE bearer level L2 content synchronization is first, it will keep U-plane architecture simple and second, it will allow (almost) commonality of architecture, both for MBMS and unicast.  The abovementioned ‘contents synchronization principle’ and ‘the SYNC protocol principle’ will further clarify how SAE bearer level L2 content synchronization works and its feasibility.
It is proposed to agree to these principles (section 2.2 and 2.3) for SAE bearer level L2 content synchronization, and capture them to R3 TR and stage2 TS.
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-----Text proposal for R3 TR (from 6.19.2.5.3 to 6.19.2.5.3.2)----------
6.19.2.5.3 SAE Bearer Level L2 Content Synchronisation

[image: image2]Figure 6.19.2.5.3-1: User Plane Architecture for L2 Content Synchronisation on SAE Bearer Level
Figure 6.19.2.5.3-1 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. 
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).

The content synchronization is provided by the following principle.

1.
All eNodeB in a given Multi-cell MBMS Synchronization Area have a synchronised radio frame timing such the radio frames are transmitted at the same time. 
2.
All eNodeBs have the same configuration of RLC/MAC/PHY for each MBMS service. These are indicated in advance by MCE.
3.
A single mUPE sends/broadcasts PDCP processed MBMS packet with the SYNC protocol to each eNodeB serving the SFN area.
4.
The SYNC protocol provides additional information to identify transmission radio frame timing and detect packet loss to each eNodeB. 

5.
eNodeB buffers PDCP processed MBMS packet and waits for the transmission timing indicated in the SYNC protocol. 

6.
The segmentation/concatenation is needed for MBMS packets and should be totally up to the RLC/MAC layer in eNodeB.
7.  For the packet loss case the transmission of radio blocks potentially impacted by the lost packet should be muted or padded(FFS).
The SYNC protocol is defined as a protocol to carry additional information that enable eNodeBs to identify transmission radio frame timing and detect packet loss. The SYNC protocol is applicable in DL and may be specified as a part of GTP-U or independent protocol. Regarding how to indicate the transmission timing there are two options as following. 

Alt.1 Timing indication on U-plane

The SYNC protocol is involved in the timing indication process. The header of SYNC protocol includes following information elements.

- Timing indicator
The timing indicator field is used for timing synchronization and re-synchronization. eNodeB shall commence transmission of the packet at  the first transmission opportunity at or after the indicated time.
- Cumulative byte counter
The cumulative byte counter is used to retain synchronization of transmission and determine the number of lost bytes in case of packet loss.
- Sequence number (FFS)
The sequence number could be used to detect packet losses and to determine the number of lost packets.  This sequence number may be reused of GTP-U sequence number.
The timing indicator may be included in the header of a MBMS packet (or packets) or may be sent separately before a group of MBMS packets.
Alt.2 Timing indication using C-plane and content synchronization on U-plane

The SYNC protocol is only involved in the relative timing indication process. The header of SYNC protocol includes following information elements.

- Cumulative byte counter
The cumulative byte counter is used to retain synchronization of transmission and determine the number of lost bytes in case of packet loss.

- Sequence number (FFS)
The sequence number could be used to detect packet losses and to determine the number of lost packets. This sequence number may be reused of GTP-U sequence number.
The timing indicator, indicating start of a MBMS service in terms of an absolute time is indicated by the MCE entity to each eNodeB participating in the MBSFN multi-cell transmission at the time of eNodeB configuration. The eNodeB shall commence the transmission of MBMS service and start the cumulative byte counter at indicated time.
6.19.2.5.3.1 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.

6.19.2.5.3.2 Option: eBM-SC assisted Content Synchronization

The eBM-SC can indicate transmission timing to eNodeB provided that BM-SCs and eNodeBs obtain the same clock. If a MBMS service area is covered by large number of eNodeB accommodated by plural aGWs, this option is effective to ensure simultaneous transmission.
This option can be applicable by introducing the SYNC protocol on interface between eBM-SC and mUPE.








[image: image3]Figure 6.19.2.5.3.2-1: User plane architecture for eBM-SC assisted contents synchronization
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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





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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� 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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