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1 Introduction

At the last RAN3#53bis meeting a number of proposals were identified for content synchronization of MBMS data within an SFN and the proposals have been captured in the RAN3 TR. In this contribution we provide some guidelines and requirements for the selection of the preferred content synchronization method and elaborate on the details of the preferred methods.
2 MBMS Architecture Aspects
Figure 1 shows the generic view of the logical MBMS architecture. We use this logical view of the architecture to identify some desired properties of the content synchronization method. More details on the considered MBMS architecture can be found in [1].
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Figure 1: MBMS architecture view

The MBMS Control Entity (MCE) is assumed to be responsible for the allocation of Physical Resource Blocks (PRB) to the given MBMS service at the eNodeBs in a uniform way throughout the whole SFN area. The MBMS GW is the node that the MBMS data passes through and it includes user plane processing functions and some session control functions related to the start and stop of an MBMS service. The mUPE is the logical entity inside the MBMS GW that performs the central user plane processing for MBMS data and provides support for the synchronization of MBMS content. 
It is easy to see that the selected content synchronization method will have a large impact on the functional distribution between the above logical entities and will also impact the complexity of the interface between the entities. We identify the following desired properties of the preferred content synchronization scheme:
· The UP processing functions in the mUPE should be similar as much as possible to the UP processing functions for point-to-point transmissions in the UPE. This is a reasonable requirement assuming that the UP processing in the eNodeB will be similar both for MBMS and point-to-point transmissions. Consequently, it should be feasible to keep also the central UP processing functions similar both for MBMS and for point-to-point data.
· It is desirable to avoid the handling of absolute time stamping in the mUPE and avoiding any radio resource block level knowledge and processing in the mUPE (i.e., radio resource block scheduling or block size information). 

· The required changes and additions in the UP protocols and in the transport network tunnelling protocol should be minimized.

3 Preferred Content Synchronization Methods

In light of the above requirements we identify two of the proposed content synchronization schemes that can fulfil the desired requirements, the “SAE Bearer Level L2 Content Synchronization” [2] and the “PDCP frame Segmentation/Concatenation Protocol Level Synchronization” [3] methods. In what follows we elaborate on the desired realization of the two proposed schemes and we show pros/cons of the alternatives.
3.1 SAE Bearer Level L2 Content Synchronization
The UP protocol architecture in case of this solution is shown in Figure 2. A similar picture is shown in R3.018 as well. The description in R3.018 leaves the details of the SYNC protocol for further studies. In what follows we present a preferred realization of the SYNC protocol and match the solution against the desired requirements above and identify pros and cons.
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Figure 2: SAE Bearer Level L2 Content Synchronization
In a preferred implementation of this solution it is assumed that no absolute time stamps are added to the packets in the mUPE. Instead we assume that the SYNC protocol layer adds a byte level sequence numbering to the PDCP PDUs. Since the Physical Radio Blocks (PRB) configured for the use of the given MBMS service on the radio interface are known by each eNodeB within the same SFN area, upon reception of the byte sequence numbered PDUs each eNodeB can calculate unambiguously when the given packet needs to be sent out on the radio interface. Note that the transmission time can be calculated even if some of the PDUs get lost in the transport network. 
At the start of the given MBMS service the MCE entity only needs to configure in the eNodeBs when they should start sending the first PDU (i.e., the absolute time) on the radio interface and it needs to trigger the start of transmission in the UPE as well. From that point on, the content synchronization is self-sustained. 
From a protocol realization point of view the required byte level sequence numbers can be carried either in the transport network tunnelling header or as part of the PDCP layer. Alternatively, it is possible to define a separate protocol layer for that purpose, similar to the SYNC layer shown in the figure. From these options the use of the GTP-U header seems to be the most favourable, since it does not require a new protocol layer and it does not need the processing of the PDCP layer in the eNodeB. A 3 byte sequence number space should be sufficient for the byte level sequence numbering of PDCP PDUs, which enables the continuous sequence numbering of approximately 16 Mbyte of data.
Properties of this solution:

· The UP protocol architecture for MBMS services can be the same as for point-to-point services. The mUPE functionality can be very similar to the UPE functions.

· No new protocol layer needs to be introduced, the required sequence numbering can be added to GTP-U with minimal modification. The handling of absolute time stamps in the mUPE is not needed.

· The extra protocol overhead over the transport network (due to the sequence numbers) is minimal. The GTP-U sequence numbering is already supported. No additional overhead over the radio interface.

· The required control functionality from the MCE toward the mUPE is minimal. It basically includes only the triggering of the start of sending MBMS data.

3.2 PDCP Frame Segmentation/Concatenation Protocol Level Synchronization

This UP stack in case of this solution is shown in Figure 3 and the details are explained in [3] and in R3.018.
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Figure 3: PDCP Frame Segmentation/Concatenation Protocol Level Synchronization

This solution introduces an additional segmentation/concatenation layer between the mUPE and the UE, which ensures that the mUPE generates fixed size PDUs that fit into the PRBs allocated for MBMS transmission at the eNodeBs. Sequence numbers are added to the segmented/concatenated PDUs by the logical SYNC protocol layer. In this way the eNodeBs will know to which PRB the given PDU belongs to and when it needs to be sent out on the radio interface, even if some PDUs get lost on the transport network.

At the start of the given MBMS service the MCE needs to configure the PRBs in the eNodeBs to be used for the MBMS service and tell to the UPE the size of the segmented/concatenated PDUs it should generate in accordance with the PRB size and finally configure the start time of the service.

For the sequence numbering of m-Sgm PDUs the existing GTP-U sequence numbers could be the most suitable to be used. 
Properties of this solution:

· The UP protocol architecture for MBMS services are very similar to the UP protocols used for point-to-point services.

· However, a new protocol layer needs to be introduced between the mUPE and the UE, implementing segmentation/concatenation function.

· This solution requires more additional functions in the mUPE for the support of MBMS as compared to the previous solution, i.e., concatenation/segmentation is a more complex function then byte sequence numbering.

· The existing GTP-U sequence numbers can be used without modification for the sequence numbering of the segmented/concatenated PDUs. No need to handle absolute time stamps in the mUPE.

· The overhead over the radio interface is higher compared to the previous solution due to the added segmentation/concatenation layer. The overhead on the transport network is roughly the same as in the previous solution.

· The required control functionality from the MCE toward the mUPE is minimal, although somewhat more configuration (e.g., the size of the segmented PDU size) is needed compared to the previous solution.
4 Conclusion

We ask RAN3 to consider the desired properties and the proposed protocol realizations of the content synchronization methods discussed in this contribution when selecting the preferred solution. It is proposed to include the discussion in Section 3.1 and 3.2 above to the corresponding sections of R3.018. We propose to consider the selection of the “SAE bearer level L2 content synchronization” method with byte level sequence numbering in GTP-U header as the preferred solution.
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