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1 Introduction

During the last RAN2 meeting, sharing PDCP and RLC for MBMS services was discussed [1]. This paper presents and analyzes other possible options of sharing protocol entities to find out most efficient one. 
2 Possible MBMS Radio Bearer Structures in RNC
In general, more sharing means more gain in terms of RNC processing load and UE’s behaviour upon cell change. However it is obvious that there is a limit for this sharing e.g. physical layer has to be set up cell-by-cell. This section presents analysis for possible radio bearer structures to find one with which we can maximize sharing gain without changing existing protocol entities significantly.
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Figure 1. Possible MBMS Radio Bearer Structure in RNC
2.1 No sharing 
This is referred as option 1 in the Figure 1. There is no sharing in this structure, so there is no gain foreseen here. Only gain would be that this option is straightforward. Please note that we need something new referred as ‘Copy and Distribution’ in the figure even with this option, to distribute a single Iu stream into multiple PDCP/ RLC/MAC/PHY entities of each cell. UE may have to re-establish whole MBMS Radio Bearer upon cell change. This means that UE needs to setup new PDCP/RLC/MAC/PHY and re-initialize ROHC context before resume MBMS service in the new cell. 
2.2 Common PDCP 
This is referred as option 2 in the Figure 1. PDCP performss header compression for MBMS traffic, so MBMS user data arriving from Iu is compressed in the common PDCP and then distributed to the lower layers of cells in this option. 

PDCP operation is more service specific than cell specific, meaning that each cell’s situation does not affect PDCP operation but service characteristics (like protocol chains of the stream) could affect the operation. In other words PDCP configurations and operations for cells would not be different if the same data is to be compressed for those cells. 

UE does not re-establish PDCP entity upon cell change, so most part of ROHC context is re-usable, eliminating the need for IR packet reception. However UE has to re-establish RLC/MAC/PHY upon cell change.
2.3 Common RLC 
This is referred as option 3 in the Figure 1. RLC’s functions could be summarized as segmentation/reassembly, sequence number check and transfer of user data. 

Of 3 functions, transfer of user data is quite cell specific in a sense that user data shall be transferred according to cell’s traffic load. This means that transmission status for a specific RLC PDU would be different cell by cell. For example RLC PDU x was already transmitted for a cell (probably not congested cell) but is yet to be transmitted to other cell (probably congested cell). 

Transfer of user data according to cell’s situation is not possible with existing RLC, thus we need some enhancement like figure 2, managing a status variable for each cell.
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Figure 2. Example of RLC enhancement for cell specific scheduling

In the figure 2, RLC manages status variables of Next PDU pointer, with which RLC determines the starting position of RLC PDUs for each cell. In the figure, traffic load on cell 3 is most heavy so some RLC PDUs are waiting for transmission to cell 3 while they are already transmitted in the other cells. Only after an RLC PDU is transmitted to all the cells, then the PDU is discarded in the buffer. 

Segmentation/reassembly and sequence number check is not that cell specific. If the RLC PDU size is configured the same over cells, then there is no problem foreseen in managing segmentation and RLC sequence numbers identical over those cells. 
UE will re-establish only MAC and PHY upon cell change. Not re-establishing RLC entity looks beneficial, but gains might be limited reality. RLC UM/TM is a very simple entity with no configuration parameters (in case of DL RLC UM) or just one parameter of ‘segmentation indication’ (in case of DL RLC TM). So re-establishing RLC would not require much processing power. 

One can argue that reusing RLC entity will be beneficial in terms of reassembly. RLC PDUs received from old cell and not yet reassembled are useful only when RLC PDU transmissions of those cells are exactly synchronized, meaning that receiving RLC PDU (x+2) does not help when we have up to RLC PDU(x).
2.4 Common MAC 
This is referred as option 4 in the Figure 1. MAC also does highly ell specific functions like M-RNTI insertion into MAC header. MAC is in general tightly coupled with physical layer so using common MAC over multiple physical layers is unrealistic. 

2.5 Regarding FEC 
FEC layer was proposed at the last RAN2 meeting [2], and this entity would be in between PDCP and RLC. FEC layer will take parts of RLC UM’s job like segmentation/reassembly and PDU sequencing, and those jobs are not cell specific provided that the transport block size is the same over the cells. 
Outer block coding itself seems not cell specific as well. There may be no need to configure different block coding according to the cell’s situation.
So it looks possible to use a common FEC per RNC and service. If the FEC layer is decided to be used then we can initiate the discussion about sharing FEC layer.

3 Conclusion and Proposal
The benefits of a common PDCP are:
· It reduces RNC processing power, since common PDCP will perform ROHC operation only one time irrespective of how many cells the MBMS service is to be provided to.

· It reduces UE processing power and data loss upon cell change. UE will not re-establish PDCP entity and does not need to have IR packet before resuming decompression.
Using common RLC entity might have benefits in terms of RLC buffer requirements, but this benefit only comes with modification on RLC layer and the RLC buffer size in RNC is not a key precious resource in general. 
As a conclusion, using common PDCP in MBMS service provisioning is proposed.
A signalling mechanism to instruct UEs to re-establish the common PDCP upon inter-RNC cell change may be needed. Inserting Common-PDCP-Id in e.g. system information or MCCH will be the simplest one [FFS].
FEC will be considered later if it is adopted.  
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====================================== TEXT PROPOSAL ============================
5.2.3 MBMS Radio Bearer Structure in CRNC
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Figure  x. MBMS Radio Bearer Structure in CRNC
For an MBMS service, one common PDCP entity may be established in the RNC handling multiple cells, with RLC/MAC entities established per cell basis. The use of a common PDCP entity across different cells is indicated with a Common-PDCP-Id signalled over Uu.
The PDCP entity distributes an Iu stream to the RLC entities established for each cell. 
The UE re-establishes RLC/MAC/PHY entities upon cell change, but does not re-establish the PDCP entity upon cell change during MBMS service reception, whenever the same Common-PDCP-Id is signalled in the two cells.  
The details regarding how to inform the UE about the Common-PDCP-Id are FFS. 
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