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1. Introduction
At RAN3#53bis, R3-061583 was agreed to capture potential solutions of MBMS content synchronization to R3.018. For SAE bearer level L2 content synchronization, it is assumed that segmentation and concatenation of MBMS data packet for radio resource block is done in RLC/MAC functionality in eNB (section 2.2). On the other hand, 2.2.2 shows another option which adds a new protocol layer just under PDCP to do segmentation/concatenation in mUPE.
In this document, we show that it is possible to assure the same MAC/RLC process output in all eNBs without additional protocol layer. Finally, it is proposed to keep segmentation/concatenation functionality only in eNB.
2. Discussion
2.1 Review of u-plane architecture
The target U-plane architecture of this study is shown in Fig.1. This architecture is called “SAE bearer level L2 content synchronization”. The SYNC function between mUPE and eBM-SC is defined as an option in case MBMS service area is covered by plural mUPEs.
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Fig 1 U-plane architecture of SAE bearer level L2 content synchronization

The big advantage of architecture is commonality for uni-cast and MBMS. Regarding U-plane functionality it is only the SYNC protocol that is added for MBMS service and the SYNC protocol will be realized easily by modification of current frame protocol or GTP-U protocol level.
2.2 SYNC protocol principle
The SYNC protocol treats MBMS data flow. The MBMS data flow consists from one IP packet or a set of plural IP packets that shall be transmitted to air interface continuously as one block of content.

The header of the SYNC protocol includes following information elements. 


- MBMS data flow identification


- to identify MBMS data flow

- Transmission Time (or equivalent to it) in first packet


- to indicate radio transmission time to eNB

- Sequence Number


- to identify continuous transmission


- to detect packet loss on S1 interface
The SYNC protocol is only applicable to DL for S1 interface and optionally for the interface between mUPE and eBM-SC. Regarding S1 interface the SYNC protocol might be specified as a part of  GTP-U or other frame protocol.
2.3 Content synchronization principle
Contents synchronization is done by following principle.
- mUPE has the configuration of PDCP and radio transmission timing for each MBMS service assigned in advance by MCE.
- all eNBs have the same configuration of RLC/MAC/PHY for each MBMS service assigned in advance by MCE.
- mUPE send PDCP processed MBMS data with SYNC protocol before the radio transmission timing. Maximum S1 transmission delay will be considered in deciding when PDCP processed MBMS data should be sent from mUPE
- eNB buffers packets of each MBMS data flow to wait for the radio transmission timing. If the radio transmission timing comes, eNB does the segmentation and concatenation in RLC/MAC/PHY process to buffered packets in pre-configured manner.
- MBMS data packets are sent to radio with higher priority than uni-cast packets.

- If packet loss is detected on SYNC protocol or packet doesn’t arrive until the radio transmission time, the follow-on packets shall not be sent to air and just discarded to assure same segmentation and concatenation process in MAC/RLC in all SFN eNBs.
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Fig.2 Image of contents synchronization
This concept will keep U-plane architecture simple. In general no sending and discarding is not big problem from performance point since it is assumed packet loss probability is low.
3. 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 uni-cast. However it also depends on location of segmentation and concatenation functionality for MBMS data.

DoCoMo assumes it is reasonable to have segmentation and concatenation functionality only in eNB for both MBMS and uni-cast and we proposed and clarified SYNC protocol principle and contents synchronization principle.
It is proposed to agree to these principles (section 2.2 and 2.3) for SAE bearer level L2 content synchronization and to capture them to R3 TR 
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2.2 SAE Bearer Level L2 Content Synchronisation
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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. 
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.

2.2.1 SYNC protocol principle
The SYNC protocol treats MBMS data flow. The MBMS data flow consists from one IP packet or a set of plural IP packets that shall be transmitted to air interface continuously as one block of content.

The header of the SYNC protocol includes following information elements. 


- MBMS data flow identification


- to identify MBMS data flow

- Transmission Time (or equivalent to it) in first packet


- to indicate radio transmission time to eNB

- Sequence Number


- to identify continuous transmission


- to detect packet loss on S1 interface

The SYNC protocol is only applicable to DL for S1 interface and optionally for the interface between mUPE and eBM-SC. Regarding S1 interface the SYNC protocol might be specified as a part of  GTP-U or other frame protocol.
2.2.2 Content synchronization principle

Contents synchronization is done by following principle.

- mUPE has the configuration of PDCP and radio transmission timing for each MBMS service assigned in advance by MCE.

- all eNB has same configuration of RLC/MAC/PHY for each MBMS service assigned in advance by MCE.

- mUPE send PDCP processed MBMS data with SYNC protocol before the radio transmission timing. Maximum S1 transmission delay will be considered in deciding when PDCP processed MBMS data should be sent from mUPE

- eNB buffers packets of each MBMS data flow to wait for the radio transmission timing. If the radio transmission timing comes, eNB does segmentation and concatenation in RLC/MAC/PHY process to buffered packets in pre-configured manner.
- MBMS data packets are sent to radio with higher priority than uni-cast packets.
- If packet loss is detected on SYNC protocol or packet doesn’t arrive until the radio transmission time, the follow-on packets shall not be  sent to air and just discarded to assure same segmentation and concatenation process in MAC/RLC in all SFN eNBs
2.2.3 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.
This option can be applicable by introducing SYNC protocol on interface between eBM-SC and mUPE. 







[image: image4]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.[image: image5.png]
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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





Option





Synchronised and Identical Physical Layer Handling on the same Transport Blocks in the different eNodeBs yields L2 content synchronism. 








� 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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