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Introduction

In the WI “Improved L2 for uplink” [1] aims to use MAC segmentation in combination flexible RLC size, similar to what has been introduced in REL7. The introduction of MAC segmentation has some clear advantages; otherwise if channel conditions have changed since the first RLC PDU transmission, then relying on HARQ alone would lead to a high HARQ failure rate and an increased number of retransmissions. Even if this could be remedied by introducing RLC re-segmenation it would lead to significant changes in the RLC protocol and strong challenges to ciphering. 

Thus, the benefits of MAC segmentation are

· an RLC which is symmetric in UL and DL and a RLC header remaining unchanged

· changing radio conditions are compensated by MAC segmentations and HARQ

Segmentation issues

If very large RLC PDUs are delivered to MAC, then the RLC PDUs may be segmented into multiple parts, and each part is sent as separate MAC PDU. Let us assume, there is a probability p of a MAC PDU transmission failure, even if the maximum number of HARQ retransmissions is used. The probability of an RLC PDU transmission failure increases with the numbers n of segments in MAC, as each MAC PDU carrying a segment has to be successfully received at the receiver’s side. (The RLC PDU transmission failure probability thus can be estimated to be 1-(1-p)n.) In AMD, a transmission failure requires retransmission of a PDU, causing extra load on the radio interface. But although retransmissions in AMD are possible, large RLC PDUs face an increased transmission failure probability, if split in multiple segments in MAC. This is a similar issue as in Rel-7 for the DL.
For downlink, a smart UTRAN implementation can avoid extensive segmentation because the SRNC has complete information about the traffic of a particular UE and in the cell.
Furthermore, a setting of conservative values for the RLC PDU size, allows an extensive margin for RLC PDU size choosing.
For uplink, if left for UE implementation, the UTRAN has only limited guarantee that the UE will make the correct choice of RLC PDU size.:
Option 1:
By defining a maximum RLC PDU size the possibility of extensive segmentation in the MAC level can be limited. 

Additionally by configuring a minimum segmentation sizethe UTRAN can limit the maximum number of MAC segments per RLC PDU.
Option 2:
It would also be possible to consider segmentation solely performed at the RLC. However, this approach may mean that whatever RLC AM size the RLC chooses, that decision may prove to be incorrect within one RLC RTT.

To avoid this issue the RLC could make a very conservative choice of RLC PDU size. However, this mean that the benefit of a flexible RLC PDU size would be dimished (e.g .MAC padding would still exist).

Alternatively, we could consider resegmentation of already transmitted RLC PDUs. However, this approach may impact the ciphering interface, the RLC peer-to-peer protocol and raise UE processing requirements due to constant segmentation/ciphering of the same packets. In essence, this approach does not benefit from the usage of E-DCH HARQ and should thus not be considered further.
Conclusion: 
Large RLC PDU sizes in combination with MAC segmentation will lead to increased RLC PDU transmission failure rates in the uplink direction, similar to the DL. 

To have a good performing UL segmentation and still benefit from the E-DCH HARQ mechanism:

-
It is proposed to introduce a configurable maximum RLC PDU size., 
-
It is proposed to agree on MAC level segmentation.

-
It is further proposed to consider the configuration of a minimum MAC segment to ensure a reliable limit on the number of MAC segments per RLC PDU
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