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1. Introduction
The protocol architecture based on recent RAN2 progress is shown in the figure 1 where functionality of lossless relocation is located above ARQ process in RLC layer. We called this layer previously lower PDCP layer but changed its name to upper RLC layer in this contribution. Then in this contribution, we propose a principle of layering between PDCP and RLC layer and propose a downlink reordering solution which fulfills the requirement from the layering principle.
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Figure 1: The proposed protocol architecture
2. Discussion

The protocol independency between PDCP and RLC layer has to be maintained in order to provide backward and forward compatibility architecture. In other words, it should be always avoided that a lower layer protocol has an direct and significant impact from even a small change in a higher layer protocol. Although we see this rule of protocol independency is maintained for most of cases in current agreed LTE architecture, however we find some issues that could endanger this independency rule. 
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Figure 2: layering principle between RLC and PDCP
As illustrated in figure 2, currently S1 interface is assumed to be a IP layer transport channel in which in-sequence delivery of packets is not guaranteed. In other words, PDCP PDUs sent by aGW are not guaranteed to be delivered to eNB in a sequential manner. Then the RLC layer, without looking at inside of PDCP PDU, will deliver the packet in out-of-sequence manner. Note that this problem did not exist in R6 since both PDCP and RLC were located in a same RAN node. Hence this out-of-sequence delivery could result in a source of performance degradation of LTE system over UTRAN due to the increased packet jitter.  
Simple way to solve this problem is to allow the eNB to look at the inside of PDCP PDU so that it can reorder the received PDCP PDU before storing them into scheduling buffer. However this breaks the rule of protocol independency. If we allows the lower layer looks at the inside of higher layer PDU, this necessitate the change of lower layer whenever there is a change in upper layer PDU. For example, when PDCP SN bit length is increased, RLC layer has to deal with the increased SN otherwise the ordered buffering would fail completely.
In order to solve the problem of out-of-sequence delivery without looking at PDCP SN, a simple solution is shown in the following figure 3. In this solution, a special sequence number is attached when PDCP PDU is sent to eNB from aGW, we called it as S1 SN. aGW attaches S1 SN to a PDCP PDU based on PDCP PDU SN. Then eNB can reorder the received RLC SDU with respect to the S1 SN without looking at inside of RLC SDU. This solution is simple and effective.
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Figure 3: A solution for reordering PDCP PDU by S1 Sequence Number
The solution described above can easily extended to the mobility case as illustrated in the figure 4. In this extension, we also define a X2 sequence number which is attached to a forward RLC SDU from source to target eNB. Source eNB attaches the X2 SN based on the S1 SN of corresponding RLC SDU. Then the target eNB can reorder the forwarded RLC SDU based on the X2 SN. In this solution, aGW continues to use S1 SN counter even after the path switch. Then the target eNB can reorder the RLC SDU from aGW as similar manner to non-mobility case. The remaining question is how the forwarded RLC SDUs and RLC SDUs from aGW can be ordered. This can be easily solved by source eNB informs the target eNB of the offset between S1 and X2 SN.
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Figure 4: a solution for reordering by S1 and X2 sequence number: handover case
3. Conclusion

In this contribution, we proposed 

· the eNB shall not look at inside of PDCP PDU in order to provides a shield over future changes of PDCP layer and try to minimize impact on eNB 

· the eNB can rely on other sequence numbers than PDCP SN to support the in-sequence delivery in order to minimize the delay jitter within EUTRAN.












