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1. Introduction

In LTE MBMS it is the baseline for multi-cell transmission in a group of cell using RF combining within SFN area to get the additional gains in cell boundary [1]. The eNBs in SFN area are synchronized in physical layer frame time which can fulfil the time precision requirement of MBMS RF combining. But in order to guarantee the validity of RF combining the synchronization and consistency of the MBMS service content delivery, i.e. L2 content transmission synchronization and resource block allocation synchronization [2], should also be kept. In this document we will discuss L2 content transmission synchronization scheme for MBMS in SFN.
2. Discussion
2.1 Problem of L2 content transmission synchronization
As we know IP multicast transmission has been extended to eNB level in LTE architecture. The MBMS packet will be sent only once to a group of eNBs using IP multicast transmission. And current IP multicast routing protocol can guarantee that the route between each eNB and aGW mainly depends on network topology deployment and will not change unless the involved routers collapse [3]. This instance will rarely happen. Besides, the router processing capability and transport network loading will be optimized during the network planning. So the only fact of the different transmission time delay is the different transmission route from aGW to eNBs. That is to say in spite of physical layer time synchronization in SFN area, different eNBs may receive the same MBMS packet at different time by different route. Figure1 shows an example.
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Figure1: Example of asynchronous receiving between eNB and aGW
If the eNB transmit the packets immediately upon receiving from aGW, it is obviously that the same content MBMS packet will be transmitted to UE asynchronously in different eNBs. And these packets can not be combined correctly and even may bring additional interferences. So the mechanism of L2 content transmission synchronization for MBMS to guarantee that the same MBMS data is send at the same time in different eNBs in LTE SFN area should be considered.
The key of this L2 content transmission synchronization is how to determine the waiting time for different eNBs after receiving the MBMS data packet from aGW and at what time all the eNBs transmit the same MBMS data frame simultaneously.
2.2 L2 content transmission synchronization scheme for MBMS

The basic processing flow of the L2 content transmission synchronization scheme for MBMS is listed in Figure2. 
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Figure2: L2 content transmission synchronization processing flow
Step ①: After the system initialization in order to get the information for calculation of mapping relation (△i) between AFN (aGW frame number counter as the network synchronization reference which is range from 0 to 4095) and BFN (eNB frame number counter as the network synchronization reference which is range from 0 to 4095) and transmission delay, aGW sent the DL NODE SYNCHRONIZATION control frame with the transmitting time T1 to eNBs in SFN area. And involved eNBs feed back the UL NODE SYNCHRONIZATION with previous T1, received time T2 and transmitting time T3 to aGW. In the case of external synchronization with GPS or Galileo the BFN frame offset to the common GPS/Galileo reference time (BFNoffset) of each eNB also needs to be informed to aGW by UL NODE SYNCHRONIZATION. 
Step ②: aGW calculate the mapping relation △i between AFN and BFN and the transmission delay of each eNB, which are used for the uniform expecting transmitting time  (AFNexpect) decision later.

Step ③: aGW transfer the mapping relation information of BFN&AFN (△i) to each eNB respectively by NODE SYNCHRONIZATION INFO message. In order to guarantee the correct receiving the ‘handshake’ mechanism is designed by NODE SYNCHRONIZATION INFO ACKNOWLEDGE message.
Step ④: For each time before the MBMS data packet is transmitted from aGW to eNBs in SFN area, aGW will determine its uniform expecting transmitting time (AFNexpect) for this upcoming packet with AFN format. The maximum transmission delay (MaxTD) of all eNBs, maximum processing delay (Tproc) of all eNBs and an additional margin (Tmargin) should be considered in the transmitting time decision. 
Step ⑤: The transmission mechanism of MBMS data packet from aGW to eNB is similar with the current R6 data frame transmission mechanism which indicates the expecting transmitting time. The expecting transmitting time of each MBMS data packet with AFN format (AFNexpect) is in-band within packet transmitted to eNB.
Step ⑥: After receiving the MBMS data packet each eNB transfer the uniform expecting transmitting time (AFNexpect) into its own transmitting time in BFN format (BFNtransmit) according to its own AFN BFN mapping relation. And then each eNB obtain the aligned transmitting time.
Proposal 1: The aGW-eNB node synchronization procedure is required to obtain the mapping relation △i between AFN and BFN and measures the transmission delay between aGW and eNB.
Proposal 2: The aGW determines the uniform expecting transmitting time as AFNexpect of each MBMS data packet and eNB itself transform into its own transmitting time in BFN format as BFNtransmit according to the △i and AFNexpect.
Proposal 3: aGW transfers the uniform expecting transmitting time (AFNexpect) to eNBs within the MBMS data packet.
2.3 Inter SFN area L2 content transmission synchronization precision for soft combining

If the whole SFN network divides into several small SFN areas according to the cell group concept in [4], in each SFN area all eNBs have physical layer frame timing synchronization. But in different SFN area the time of frame boundary may be not strictly aligned. The difference of frame boundary time between SFN areas may be less than one frame (10ms). An example shows in Figure3.
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Figure3: Inter SFN area synchronization difference

In each SFN area with the L2 content transmission synchronization the same MBMS data frame transmit at the same time. Because in the different SFN area their transmitting BFN is aligned to the same expecting AFNexpect, so the difference between transmitting BFNtransmit of eNBs in different SFN area will be less than one frame (10ms). According to [5], the maximum allowable transmission delay is 40ms for the purpose of soft combining. It can see that in the different SFN area the difference of transmission delay of the same MBMS data frame is less than 10ms which is far less 40ms. So the MBMS data transmitted in the different SFN area with the L2 content transmission synchronization can be used to do soft combining.

Proposal 4: L2 content transmission synchronization mechanism can satisfy the requirement of inter SFN area soft combining.
3. Conclusion
In this contribution, the L2 content transmission synchronization mechanism for MBMS in LTE SFN is proposed. We ask the group to discuss and to approve the proposed synchronization mechanism.
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