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1.
Introduction
At the last St. Louis meeting, it is decided that PDCP is relocated from SAE GW to eNB. Consequently, it is necessary to reconsider Layer 2 architecture so that the new Layer 2 architecture covers efficient data handling at handover, Segmentation/Concatenation, and Ciphering.
2.
Layer 2 architecture in UMTS
Since PDCP is moved to eNB, now PDCP is co-located with RLC. This co-location of PDCP and RLC is similar to UMTS, so the UMTS L2 architecture would be a good reference when we design LTE L2 architecture. 
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[Fig.1] UMTS L2 architecture
Fig.1 shows UMTS L2 architecture. In UMTS, lossless SRNS relocation is supported only when RLC is configured for acknowledged mode and in-sequence delivery. In addition, PDCP SDU SN is implicitly maintained by UE and UTRAN, respectively, to support data handling at lossless SRNS relocation. Note that Feedback packet of Header Compression protocol does not have PDCP SDU SN. Due to this PDCP self-generating packet, PDCP SDU SN is used instead of PDCP PDU SN.
When a lossless SRNS Relocation is performed, unconfirmed PDCP SDUs are forwarded from Source to Target RNC, and PDCP SDU SNs are exchanged between UE and UTRAN. The exchanged PDCP SDU SNs are used to confirm PDCP SDUs transmitted but not yet acknowledged by the Receiver. After relocation the data transfer begins with the first unconfirmed PDCP SDU.
The RLC PDU buffer is required for possible retransmission of RLC PDUs. Since ciphering unit is below RLC PDU buffer, it is seen that ciphering is performed each time a RLC PDU is transmitted or re-transmitted.
Segmentation/Concatenation is performed on RLC SDU. Since AM RLC PDU size is fixed, RLC SDUs are segmented or concatenated to fit a pre-defined size of RLC PDUs. Once a RLC PDU is constructed, it is stored in RLC PDU buffer. Note that RLC SDU buffer is not needed since the PDU size is fixed.

3.
Requirements for LTE Layer 2 architecture
3.1
Data handling at handover
To support lossless eNB relocation, forwarding of unconfirmed packets are still required in LTE. Here, which packets should be buffered and forwarded is of question, because there are three possible options.
· PDCP SDU

· PDCP PDU or RLC SDU

· RLC PDU

But if we look carefully into the contents of each type of packet, it is easily understood that PDCP SDU is still the best choice in LTE. The reason is that since PDCP PDU and RLC PDU are already header compressed, to support lossless handover in UL, UE should reassemble them into PDCP PDU to decompress them, and compress them again with new HC configuration after handover. That is definitely not a desired behaviour. Another way to achieve lossless operation is to force Target eNB to use same HC context as Source eNB after handover. But to do this, HC context relocation is always required, which is believed to be an optional functionality. Moreover, we are not sure that HC protocol used in Source eNB will always be available in Target eNB.
To support lossless operation by PDCP SDU buffering and forwarding, maintenance of PDCP SDU SN is still needed. With implicit SN maintenance, UMTS-like lossless operation is supported. That is, PDCP SDUs from the first unconfirmed SDU are forwarded or transmitted after handover. 
But if we want to have selective forwarding/transmitting capability, PDCP must have reordering and duplicate detection functionalities. These functionalities can not be achieved by implicit SN management, but can be achieved by explicit SN exchange.

From the above reasons, for the efficient data handling at handover, we propose that PDCP SDUs be buffered and forwarded, and also propose that PDCP SDU SN is explicitly used.
3.2
Variable RLC PDU size
From the Rel-7 L2 enhancement WI, variable sized RLC PDU is allowed even in AM RLC. The support of variable RLC PDU size is also expected in LTE. Then, we need to change the L2 architecture from UMTS, because Segmentation/Concatenation can not be applied to RLC SDU until lower layer (MAC) indicates RLC PDU size. Therefore, RLC SDU buffer is needed so that RLC SDUs are stored until RLC PDU is constructed.
Even if RLC SDU buffer is used, RLC PDU buffer could be also used in order to support fast retransmission. It is useful when the same RLC PDU or its sub-PDU is retransmitted. Though the RLC PDU buffer is used, total RLC buffer size is same, because data contents are not changed (just change the pointer). 
3.3
Ciphering

Ciphering should use (any) Sequence Number set to generate time-varying mask. There are two options, PDCP SDU SN and RLC PDU SN. In UMTS, since PDCP SDU SN is implicitly managed (except PDCP SeqNum PDU where PDCP SDU SN is explicitly included in PDCP PDU), RLC PDU SN is the only option that ciphering can utilize. But if PDCP SDU SN is explicitly used, we have two options for ciphering; RLC PDU SN and PDCP SDU SN.
It’s hard to tell which one is better. But at least it is preferable that ciphering for every retransmission be avoided. Thus, we propose that ciphered data be stored in the retransmission buffer regardless of what is used for ciphering.
4.
Proposal - LTE Layer 2 Architecture
In this document, we propose the followings to be considered in designing L2 architecture.
· PDCP SDU SN be explicitly used for data handling at handover

· RLC SDU buffer be used for supporting variable RLC PDU size

· Ciphering process be avoided for every retransmission
Based on the above requirement, we show two possible L2 architectures for LTE. It is proposed that one of the two architectures be adopted for LTE.

[image: image2.emf]Header 

Compression

Ciphering

Segmentation/ 

Concatenation

PDCP SDU Buffer

Virtual SN setting

RLC PDU SN 

setting

Feedback

SN

for forwarding at handover

using RLC PDU Sequence Number

SN

SN SN SN

RLC PDU Buffer

PDCP

RLC

Control

RLC SDU Buffer Feedback

SN SN SN

SN SN SN

SN SN SN

PDCP SDU SN 

setting

Feedback

SN SN SN

SN SN SN

SN SN SN SN

Control

SN

SN SN SN

Control

for variable 

RLC PDU size

for 

retransmission


[Fig.2] Proposed LTE L2 architecture – Ciphering with RLC PDU SN
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[Fig.3] Proposed LTE L2 architecture – Ciphering with PDCP SDU SN
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