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1 Introduction
In this contribution we focus on analyzing the impact of carrier aggregation on RLC and PDCP protocol for LTE Rel.10.
In the last meeting, it has been agreed that RLC protocol of LTE Rel-8 fulfils the requirements posed by carrier aggregation (FFS for RLC SN size). In this document, we investigate if RLC SN size and PDCP SN size is sufficient for increased data rate provided with carrier aggregation. 
2 Discussion
2.1 RLC
Carrier aggregation is transparent to the RLC protocol. The Rel.8 version of RLC protocol can be reused in LTE-A, but some improvement are necessary or at least desirable. Carrier aggregation requires an increased rate of RLC PDUs. Considering up to five component carriers and two transport blocks per component carrier provided by MIMO, RLC may create up to 10 new PDUs per subframe.
In a normal case scenario, HARQ RTT is 8ms and the maximum number of HARQ transmissions is limited to 5. Error probability after 1st HARQ transmission is about 0.1 to 0.2. Error probability after 5th HARQ transmission may be less than 0.01. We assume it occurs that one HARQ process fails after reaching the maximum number of 5 transmission attempts. Before ARQ detects this failure, there is at lease 40ms. If RLC entity creates 10 new PDUs per subframe, about 400 PDU SN is consumed. Considering retransmission in other HARQ entities, actual PDU SN consumption is slightly less than 400. With a SN range of 0 to 1023(10bit), RLC transmitter has the transmit window size of 512. The corresponding RLC NACK status report transmission and the RLC retransmission must be successful within 2 HARQ RTT, otherwise window stalling may occur and the transmit rate may be reduced.
In the same scenario, the RLC transmitter with the accumulative transmission need be acknowledged by the receiver through ACK status report. Usually the transmitter uses a poll mechanism to request a feedback. We assume the transmitter triggers a poll every 256 PDUs (this configuration can be found in RRC protocol). When a poll is triggered, only the rest 256 SN in window can be used. If the transmission of PDU with poll and the corresponding RLC status take longer than 3 HARQ RTTs, window stalling will also occur.
Furthermore, if T-StatusProhibit is configured, the circumstances will be worse off. In a word, the increased rate of RLC PDUs posed by carrier aggregation will enlarge the transmit window stalling probability.     
Proposal 1: RLC SN size according to LTE Rel-8 may have a disadvantageous impact on the overall throughput performance. We propose to extend RLC SN size.
2.2 PDCP
Carrier aggregation is also transparent to the PDCP protocol. But the increased data rate induces an increased PDCP SN consumption rate. To avoid SN ambiguity and loss of HFN synchronization, it needs to be evaluated whether the current PDCP SN size is sufficient. The Rel-8 PDCP SN size is 12 bit. For PDCP transmitter there is no any limit according to Rel-8 PDCP protocol, but actually the same PDCP SN with which the PDU has not yet been acknowledged by the RLC transmitter can not be assigned to a new PDU. For PDCP receiver, in normal case there is no problem as the RLC receiver ensures in-sequence delivery towards PDCP entity. However, during handover the PDCP receiver can only deal with an out-of-order within 2048 PDUs. With an IP packet size of 1500 bytes this corresponds to about 3Mbytes. In other words, it will lead PDCP SN ambiguity and loss of HFN synchronization that more than 3Mbytes out-of-order data is received from the RLC receiver. For the RLC receiver, the extreme out-of-order data can be 100kbit * 512/8= 6.4Mbytes. During handover, it will bring the risk of PDCP SN ambiguity and loss of HFN synchronization to sustain high transmission speed of big RLC PDUs.
Proposal 2: Sustained high transmission speed of big RLC PDUs may lead to PDCP SN ambiguity and loss of HFN synchronization during handover. We propose to extend PDCP SN size.
3 Conclusion
In this document we investigated the impact of carrier aggregation on RLC and PDCP protocol for LTE Rel.10 and indicated the following proposals:
Proposal 3: RLC SN size according to LTE Rel-8 may have a disadvantageous impact on the overall throughput performance. We propose to extend RLC SN size.
Proposal 4: Sustained high transmission speed of big RLC PDUs may lead to PDCP SN ambiguity and loss of HFN synchronization during handover. We propose to extend PDCP SN size.
We think the RLC transmit window stalling probability increasing is not negligible and the risk of PDCP SN ambiguity and loss of HFN synchronization must also be considered. So SN space spread should be investigated.
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