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1. Introduction

At the last RAN2/RAN3/SA2 joint meeting in St. Louis it has been agreed that ”PDCP and user plane ciphering is in eNodeB.” [1]. This decision has been taken in context of unicast transmission and does not apply for eMBMS. For eMBMS only the WAs in [2] have been taken, which don’t refer to PDCP location. Therefore the location of PDCP for eMBMS needs still to be decided.
In this document we discuss the alternatives for PDCP location in context of E-MBMS and analyze their impact on content synchronisation for SFN operation.

The document concludes with the proposal to locate PDCP in a node above eNB.
2. Discussion

2.1 Background ROHC in U-mode for E-MBMS

For E-MBMS service U-mode(Unidirectional mode) header compression is used. According to [3], when in the U-mode of operation, packets are sent in one direction only: from compressor to decompressor. This mode therefore makes ROHC usable over links where a return path from decompressor to compressor is unavailable or undesirable.
For ROHC compression, there are three compressor states: Initialization and Refresh (IR), First Order (FO), and Second Order (SO) states. The compressor starts in the lowest compression state (IR) and transits gradually to higher compression states. 

· Initialization and Refresh (IR). On this state, the compressor assumes that the decompressor has no context information and ROHC packets with both static and dynamic context information are sent.
· First Order (FO). In this state, the compressor assumes that the decompressor has the static context information. The ROHC packets are mainly conveying information on dynamic IP header fields.
· Second Order (SO) states.  In this state, the compressor assumes that the decompressor has all the static, dynamic context information for decompression and the header to be compressed is completely predictable given a SN.
This is depicted in figure 1.
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Figure 1: Example state machine of U-mode compressor for E-MBMS

Content Synchronization requires that all the eNB compress a given packet in the same state and using the same messages.

Triggers for state transition:

· State transitions from IR to FO or SO (from FO to SO) take place after a certain number of IR packets has been transmitted in IR state (or after a certain number of IR-DYN packets in FO state have been transmitted). The repeated transmission shall ensure a sufficient probability for the successful reception of the static context information. However the numbers of packets after which such a transition takes place is implementation dependent.
· Timeout to allow to recover from error states in the receiver or to allow new receivers to synchronize. It is specified that the timeout for transition to FO state is shorter than the timeout for transitions to IR state. But the timers themselves are implementation dependent. 

· The Update transition is triggered by a change of the header field pattern. This means that this transition is data dependent.

2.2 Impact of PDCP Location on Content Synchronization
Content transmission synchronization refers to the requirement that the same content of an MBMS service should be transmitted at the same time by each eNB in SFN area to guarantee that the same content can be combined in time at the UE. 

To fulfill this requirement a SYNC protocol is employed which is terminated in a central content distribution entity and in all eNBs involved in SFN transmission. Details about the ways how to implement such a content synchronization are described in [4] in “6.19.2.5 Content Synchronization”. 
As depicted in figure 2 there are two alternatives for PDCP location:
· Alternative 1: PDCP in or above content distribution entity ‚mUPE’
· Alternative 2: PDCP in eNB.
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Figure 2: Alternatives of location of PDCPExample state machine of U-mode compressor for E-MBMS
Case: Alternative 1

In case of alternative 1 PDCP operation does not impact content synchronization and therefore this alternative is unproblematic for content synchronization.

Case: Alternative 2
In case of alternative 2 ‘PDCP in eNB’ it has to be ensured that the header compressions in all eNBs yield the same PDCP packets. A necessary condition for this is that the ROHC states in all eNBs remain synchronized. Also the same ROHC PDUs have to be transmitted, which is not trivial to guarantee, if different implementation are used.

The following issues for alternative 2 apply:
· Since the triggers for state synchronization and selection of PDU formats are not strictly specified therefore different implementations would behave differently. Therefore it would be required to specify ROHC application rules, which would to be adhered by all implementations. It is surely not a trivial task to get agreement on such rules.

· Even when the timers are specified in ROHC application rules the different eNBs can get out of ROHC state synchronization, since a eNB having not received a packet lost on S1 has no means to determine whether the other eNBs have processed the packet before the time has elapsed or not.

· The Update state transition is triggered by the actual header information being processed. An eNB not receiving a certain packet has no means to determine whether the other eNBs have performed a state transition or not. Therefore loss of ROHC state synchronization will be the likely consequence of a loss on S1 interface.

Surely there are methods thinkable which can resolve the one or other issues. But normally these methods like restrictions of states, repetition of header information from previous packets in the subsequent SYNC PDUs etc. are cumbersome, increase complexity and impact negatively the performance of ROHC.

3. Conclusion
In this contribution we have analyzed the impact of location of header compression on content synchronization. The analysis yielded that ROHC in eNB is not feasible without an accurate specification of application rules for the ROHC standards. But even if such a comprehensive detailed specification of ROHC application would be agreed further issues remain, which could be at most be resolved by methods implying a decreased performance of header compression or by an unacceptable additional complexity.

On the contrary if PDCP is located in or above a content distributions entity no issues exist and optimal header compression performance can be achieved.
Therefore Alcatel-Lucent proposes to agree to locate PDCP in or above the content distribution entity. .
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