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1 Introduction
For the downlink, MAC segmentation was included Release 7 to allow efficient transmission of large RLC PDUs. Without MAC segmentation, large RLC PDUs might require several HARQ retransmissions, increasing the probability of a residual HARQ error. 

The MAC segmentation was the only feasible solution for the UTRAN downlink, as the MAC and RLC protocols are terminated in different nodes. For LTE both protocols are terminated in the same node, which allows an alternative solution. The RLC PDU sizes are determined to match the MAC PDU, leading only to a single RLC PDU per TTI. However, in order to match also RLC retransmissions to the MAC PDU size, RLC re-segmentation is needed in addition to the segmentation functionality.
In this contribution we analyze the two solutions for the UTRAN uplink.
2 Discussion

The unreliable HARQ feedback limits the number of segments in which an RLC PDU can be transmitted. For example, if the NACK->ACK error for a single transmission occurs with 1e-3 probability, an RLC PDU segmented over 38 TTIs (corresponding to a single 1500 byte IP packet segmented to 336 bit RLC PDUs) could have almost 4% probability of encountering at least one NACK->ACK error.
In order to limit the number of TTIs used to transmit a single RLC PDU, it is necessary segment the RLC PDU to smaller segments. For initial transmissions in the uplink, the segmentation can be done to match the current transport block size with normal RLC segmentation, but for re-transmissions this is not possible. For re-transmissions, two separate solutions are used in MAC-ehs and LTE MAC

1. In MAC-ehs the MAC layer can segment the incoming RLC PDUs.

2. In LTE, the RLC protocol is being designed to support re-segmentation of RLC PDUs to RLC PDU segments.

In general, there are not big differences between the performance of these two alternative solutions. Both solutions can be used to reduce the effect of the HARQ feedback. 

There is also no major difference between the header overhead of the two different approaches. For MAC-ehs segmentation, a 2 bit segmentation indication field is included in each MAC PDU. Due to octet alignment, these 2 bits do not cause any additional overhead
 in MAC-ehs. Similarly, even though the re-segmentation functionality in the LTE RLC requires a single bit in the RLC header to indicate the presence of the re-segmentation header, due to octet alignment this bit does not cause any additional overhead. However, when re-segmentation is performed, an off-set field is required in LTE to point out the border of RLC PDU segment is used. The off-set field is rather long (15-bits) in the LTE, due to high data rates. Even though it is expected that a smaller off-set could be used for the UTRAN uplink, this off-set would still need to be large enough to cover the maximum possible RLC PDU size. 

As there are no major performance differences between the two approaches, it seems that the RLC re-segmentation would cause more complex UE implementation than introducing a MAC segmentation functionality similar to MAC-ehs segmentation in the uplink. Based on this, we propose

Proposal 1: MAC is updated to support segmentation in the uplink
Even though there are several ways to introduce the MAC segmentation and support for flexible RLC PDU sizes in the uplink, it appears that a significant part of the MAC-ehs structure could be used for the uplink as well. Therefore we propose to take the MAC-ehs protocol as a baseline for the uplink work as well. In following we list a few key properties of the MAC-ehs, and propose than RAN2 discusses if these could be taken as the baseline for the uplink MAC protocol as well, with the understanding that if alternative solutions provide performance gains over the baseline, they can be adopted as well.

First, we foresee that the octet alignment of the uplink header will provide easier protocol implementation and reduced processing requirements.

Proposal 2: The uplink MAC protocol header is octet aligned.

Second, we would like to propose that the segmentation is performed with a 2-bit SI field.
Proposal 3: Agree to 2-bit SI field
Furthermore, we would like to propose that the flexible RLC PDU size is supported with an explicit length field in the MAC header, and consecutively if there is an explicit Length field, the DDI field could be replaced with explicit logical channel identifier
Proposal 4: Agree to Length field
Proposal 5: Agree to LCH-ID field

Finally, it appears natural to support reordering in the uplink with the MAC sequence number
Proposal 6: Agree to TSN field

3 Conclusion

In this contribution we have studied two different alternatives, MAC segmentation and RLC re-segmentation, to support segmentation of the RLC PDUs in the UTRAN uplinks. While there are no major performance differences between the alternatives, it appears that the MAC segmentation provides simpler UE implementation, and therefore we propose
Proposal 1: MAC is updated to support segmentation in the uplink

In addition we propose to take the MAC-ehs as a baseline for the uplink MAC protocol as well, and propose 
Proposal 2: The uplink MAC protocol header is octet aligned.
Proposal 3: Agree to 2-bit SI field
Proposal 4: Agree to Length field

Proposal 5: Agree to LCH-ID field

Proposal 6: Agree to TSN field
� But of course if MAC-ehs did not provide segmentation functionality, these two spare values could be used for other purposes.
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