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1. Introduction

High-level E-UTRAN architecture was agreed in RAN#31 and the description on the E-UTRAN architecture was captured in the RAN LTE TR[1]. During the LTE Feasibility Study phase, it is essential to fix E-UTRAN architecture for MBMS in SAE/LTE, also. This contribution clarifies possible MBMS specific functionalities in SAE/LTE and functional allocation to LTE/SAE nodes for discussion.

2
Release 6 MBMS specific functions
Release 6 MBMS specific functionalities related to E-UTRAN architecture are listed below. It can be assumed that these functionalities are needed for MBMS in SAE/LTE with some changes to meet requirements for MBMS [2] and the agreed SAE/LTE architecture. 
MBMS session control

In release 6, MBMS session is controlled by CN.

Notification
The MBMS notification mechanism is used to inform UEs of an upcoming change in critical MCCH information.
Counting

MBMS Counting is used to determine the optimum transmission mechanism, i.e. point-to-point or point-to-multipoint, for a given service. 

Mobility control
NW controlled HO is not supported in Release 6 MBMS, but UE controlled HO. At the time when UE move to the target cell, UTRAN requests the MBMS session to CN according to the request from the UE if the MBMS session, which the UE received at the source cell, is not provided at the target cell.
Scheduling for UE DRX
For UE battery saving, UE can use DRX based on scheduling information informing that coming MTCH transmission is not in the interest of the UE.
Combining

L1 soft combining and selective combining are employed in Release 6 MBMS. For L1 soft combining, inter-cell synchronization (TTI level accuracy) is required. For selective combining, SN of RLC is used so that UE can identify same RLC-PDUs from different cells.
3
Analysis of MBMS function in SAE/LTE
3.1
MBMS session control

In SAE/LTE, MBMS session should be controlled by CN as well as Release 6 MBMS. SA2 should study the logical node allocated this functionality. In this contribution, it is assumed that this function is allocated in aGW.
3.2
Notification

It can be foreseen that MCCH and Notification are needed for SAE/LTE MBMS as well as Release 6 MBMS. It is clear that this functionality is cell level and can be allocated in eNodeB.
3.3
Counting

In LTE, SCH will be used regardless of point-to-point and point-to-multipoint connections, and gain of inter-sector soft combining for point-to-multipoint connection will be much bigger. Due to these reasons, necessity of the point-to-point connection will be smaller than that of Release 6 MBMS and there is a possibility that counting is not needed for switching between point-to-point and point-to-multipoint connections. However, similar functionality might be needed for E-UTRAN to detect whether user(s), who want to receive the MBMS session, is(are) in a cell or not so that E-UTRAN can initiated or stop the MBMS session according to detection results for efficient spectrum use. RAN2 should study this

Anyway, this function is cell level and can be allocated in eNodeB..
3.4
Mobility control

It can be assumed that LTE MBMS employs mobility control method similar to that of Release 6 MBMS, i.e. UE controlled handover. If this is correct assumption, cell level control is enough and this function can be allocated in eNodeB.
3.5
Scheduling for UE DRX
This function is necessary for UE battery saving in LTE, also. DRX information should be informed to UE on MCCH similar to Release 6 MBMS.

It is required that LTE MAC scheduler assigns transmission timing to a MBMS session according to the DRX information. This function can work at cell level and can be allocated in eNodeB
3.6
Combining
Soft combining assuming tight inter-site synchronization is under study in RAN1. It is needed to take this feature into account for study on MBMS E-UTRAN architecture. On the other hand, it is needed to assume a network deployment not using any inter-site synchronization as described in [2] and selective combining should be considered for LTE MBMS to improve performance.
To realise these combining techniques, following functionalities are needed:

Identification of the same PDUs for selective combining

It is needed for the UE to identify same PDUs from multiple cells for selective combining. In Release 6 MBMS, SN of RLC is used to do it. RNC can use a common RLC entity for multiple cells and same SN can be attached with the same PDU for multiple cells. In LTE, MAC and RLC are located in eNodeB and the SN of RLC cannot be used for identification of the same PDUs. Therefore, a new SN to identify the same PDUs in multiple cells is needed and the function for the new SN is needed to be allocated above eNodeB.

Synchronous data transmission for soft combining 

For soft combining, the same PDUs from multiple cells have to be received by the UE almost synchronously (at Cyclic Prefix length level accuracy). To achieve this, inter-site synchronization is required. One of the most promising candidates is to use GPS. In any case, the inter-site synchronization functionality belongs to a radio physical layer level function and should be allocated in E-UTRAN, i.e. eNodeB.
To realize synchronous data transmission in multiple cells in LTE, inter-cell scheduling is needed. In UTRAN, the RNC does the inter-cell scheduling using CFN. In LTE, it seems difficult for eNodeB to do it, and this function should be allocated in above sNodeB.

3.7
Header compression

It was already agreed that the header compression function is allocated in aGW. The header compression function should be used for MBMS commonly. This means that the header compression function for SAE/LTE MBMS should be located in aGW.

4. Proposal of MBMS functional allocation 
According to study in chapter 3, possible LTE MBMS functional allocation is shown in Figure 1.

[image: image1]
Figure 1 MBMS functional allocation in SAE/LTE
For the functional allocation to above eNodeB, a separate logical node from aGW (called MBMS controller in this contribution) is assumed as an alternative. Interface between aGW and eNodeB is flex interface. It can be assumed that MBMS controller is connected to eNodeBs in geographical manner.
 In order to fix the node where inter-cell scheduling and the function for identification of the same PDUs are allocated, flex interface applicability, necessary open interface, RAN-CN functional split, etc are needed to be studied.
5.
Conclusion
In this contribution, MBMS specific functions and nodes, where these functions are allocated, are clarified and studied. It is proposed to use figure 1 as a starting point of study for LTE MBMS architecture. It is proposed that chapter 3 and 4 in this contribution are captured in RAN3 TR.
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