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1.
Introduction
In RAN2 #59bis meeting, RAN2 discussed a mechanism for Improved L2 for uplink [1]. 
In Improved L2 for uplink, to reduce header overhead that is caused when fixed size RLC PDU is used, flexible RLC PDU size is assumed. Accordingly, at each transmission, one RLC PDU is delivered to lower layers and the size of the RLC PDU is as same as the size notified by MAC entity. 
Meanwhile, since dynamic resource allocation is used, the available radio resource at each transmission opportunity is different. Accordingly, at the time of retransmission, the allocated radio resource may not be enough for the transmission of original RLC PDU. To solve this problem, re-segmentation functionality is needed and there has been a discussion on whether the re-segmentation should be handled by RLC or by MAC ([2] and [3]). 
In this document we discuss the merits of RLC re-segmentation for improved L2 for uplink.
2.
Discussion
2.1 Mechanism of RLC re-segmentation
Basically, the mechanism of RLC re-segmentation for improved L2 uplink is the same as the mechanism discussed in LTE.  If a RLC PDU is non-acknowledged by peer entity, re-transmission is initiated at the transmitting RLC entity. If the RLC PDU to be retransmitted does not fit into the size notified by MAC at the particular transmission opportunity, the re-segmentation of AMD RLC PDU is performed in RLC entity. In this case, the AM RLC entity constructs a RLC PDU segment of the size that is indicated by MAC entity from the original RLC PDU and delivers the RLC PDU to MAC for transmission. By receiving all the RLC segments of the RLC PDU, the receiving RLC entity reconstructs RLC PDU.
2.2 Benefits from RLC re-segmentation
In this subsection, we discuss the benefits of RLC re-segmentation compared to MAC segmentation.
A. No delayed transmission of control PDU
When RLC segmentation is used, a RLC PDU or a RLC PDU segment can be delivered to MAC entity at each TTI. Since additional re-segmentation header is included in each RLC PDU segment, there is no need for the RLC entity to transmit the segments of the RLC PDU consecutively. Therefore, RLC can control what can be transmitted over physical layer at each TTI. For that reason, even when a large RLC PDU has to be re-transmitted and many TTIs are required to completely transmit the RLC PDU, RLC control PDU could be transmitted as soon as it is generated. If the RLC control PDU includes acknowledgment status report, it can be delivered to the peer entity quickly. Thus, throughput degradation would be minimal. 

However, in case of MAC segmentation, the RLC PDU itself is the unit of data that is delivered to MAC entity when MAC entity request new MAC SDU. In this case, until the entire segments of the MAC SDU are transmitted over the physical layer, MAC entity does not request a new MAC SDU to RLC entity. Accordingly, if a new RLC control PDU is generated while the segments of the previous MAC SDU is under transmission in MAC entity, the RLC control PDU can not be delivered to the peer entity until the MAC entity completes the transmission of the previous RLC PDU. Depending on the timing of RLC control PDU generation and the size of MAC SDU pending in MAC entity, the RLC control PDU delivery can be delayed too much and can lead to the reduced throughput or RLC stall situation.
B. Radio bearer efficiency
In RLC segmentation, the unit of retransmission is RLC PDU segment. Thus, in case of RLC segmentation, it is enough for RLC entity to retransmit only the non-acknowledged part of the original RLC PDU. On the other hand, in MAC segmentation, the unit of retransmission is RLC PDU. Thus, in case of MAC segmentation, when some part of RLC PDU has not been successfully transmitted over physical layer, the RLC entity has to re-transmit the entire RLC PDU regardless of how many MAC segments have been successfully transmitted. Hence, even though the probability of the successful retransmission of one MAC-e PDU is equal for both RLC re-segmentation and MAC segmentation if the number of segments is same for both methods, the more radio resources are required when MAC segmentation is used. In other words, the radio resource usage efficiency is optimal in RLC re-segmentation and there is waste of radio resource in case of MAC segmentation.
C. Requires less testing effort
In case of RLC segmentation is adopted for enhanced UL, only RLC AM entity needs to be upgraded. Because other entities such as RLC UM, RLC TM, MAC-e/es are not changed, only the mapping between the updated RLC AM and MAC-e/es needs to be tested. 

On the other hand, in case of MAC segmentation, even though only MAC-e/es is changed, three testing is required, i.e. all the combinations between RLC UM/AM/TM and MAC-e/es have to be tested, because RLC TM or RLC UM also can be mapped to enhanced MAC-e/es. Accordingly, in terms of complexity and testing effort, RLC segmentation is a better way forward.
D. No additional buffer needed. 
The RLC architecture of current UTRAN system has a retransmission buffer for the case that AMD PDUs are needed to be retransmitted. On the other hands, since the current UMTS MAC does not have a buffer for transmission and retransmission, an additional buffer in MAC entity is necessary to store the segmented MAC PDUs to support MAC segmentation. If re-segmentation is supported in RLC, retransmission of re-segmented RLC PDU can be achieved without an additional buffer.
3.
Conclusion

Based on the discussion in the previous section, we conclude that it is beneficial to use RLC re-segmentation to support improved L2 uplink for the higher retransmission efficiency.
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