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1
Introduction
For LTE-WLAN aggregation, UE can get data from LTE eNB and WLAN AP separately. Considering the transmission delays over LTE and over WLAN are different, the PDCP reordering function in the receiver is necessary. 

In RAN2 #90 meeting, RAN2 has agreed the Rel-12 PDCP reordering behaviour is adopted for 3C-mode LTE-WLAN aggregation [1]. But there are no detailed discussion on what PDCP reordering behaviour can be reused, and does it any special handling exist for LTE-WLAN aggregation?
In this contribution, we further analysis the PDCP reordering operations for LTE-WLAN aggregation in details. 
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Discussion
In Rel-12, DC only supports 1A and 3C architectures. As described in [2], RAN2 has agreed PDCP reordering may only be configured for split bearers. For LTE-WLAN aggregation, excepting 3C architecture, 2C architecture is also supported by aggregation. 

Different from LTE eNB, WLAN AP has no RLC sub-layer, so RLC reordering function can’t be reused by the receiver to guarantee the data reception from WLAN AP is in sequence. Instead, WLAN defines four transmit queues which are supported by AP for data transmission, and first in first out (FIFO) mechanism is used in each transmit queue. That means, only the previous data is received by the receiver, and then the latter data can be sent by the sender. So in this case, as long as the data buffered in WLAN AP transmit queue is in sequence, UE can receive the data from WLAN AP in sequence, and no reordering function is needed in UE. 

Observation 1: Instead of RLC sub-layer, UE can receive the data from WLAN AP in sequence by transmit queue defined in WLAN, as long as the data buffered in the transmit queue is in sequence. 
For 2C architecture, PDCP PDU losses in transit from eNB to WLAN may occur. In this case, if retransmission is needed, eNB may retransmit the loss PDCP PDU to WLAN again based on the flow control information from WLAN, so the data buffered in WLAN AP transmit queue may be out of sequence. Therefore, PDCP reordering function is also needed in UE PDCP sub-layer. If retransmission is not needed, PDCP reordering function is also not needed in UE PDCP sub-layer.  
In order to improve the system performance, we think the retransmission over Xw interface is necessary once PDCP PDU loss over Xw interface occurs. In addition, 3C architecture for LTE-WLAN aggregation has already supported PDCP reordering function in receiver, so we think 2C architecture should align with 3C architecture. 
Based on the above analysis, we think

Observation 2: PDCP PDU losses in transmit from eNB to WLAN may lead to the data buffered in WLAN AP transmit queue is out of sequence. 
Observation 3: For LTE-WLAN aggregation, 2C architecture should align with 3C architecture. 
Proposal 1: For 2C architecture, PDCP reordering function is also needed in UE PDCP sub-layer. 
In Rel-12 DC, as described in [2], RAN2 has agreed RLC UM like reordering scheme (with a t-Reordering timer) is used for PDCP layer reordering in case of split bearers. For LTE-WLAN aggregation, considering the transmission delays over LTE and over WLAN are different, so the same mechanism can be reused in order to avoid UE to unlimited wait for a missing data from WLAN to arrive. 
Proposal 2: For LTE-WLAN aggregation, RLC UM like reordering scheme (with a t-Reordering timer) can be reused for PDCP layer reordering in case of split bearers. 
In Rel-12 DC, as described in [3], RAN2 has agreed the PDCP sub-layer in order performs the following operations, including reordering, deciphering and header decompression. For LTE-WLAN aggregation, the same mechanism can be reused.

Proposal 3: For LTE-WLAN aggregation, PDCP performs reordering -> deciphering -> header compression in case of split bearers. 
In Rel-12 DC, as described in [4], RAN2 has agreed at bearer type change from split bearer to MCG bearer, the split bearer reordering function keeps running until PDCP re-establishment occurs. For LTE-WLAN aggregation, the similar bearer type change can also occur, e.g. the change from aggregation to no aggregation. In this case, the split bearer reordering function should keep running until PDCP re-establishment occurs. 

Proposal 4: When the change from aggregation to no aggregation, the split bearer reordering function should keep running until PDCP re-establishment occurs. 
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Conclusion
This paper discusses and analyses the PDCP reordering operations for LTE-WLAN aggregation in details. Based on the above analysis, we have following proposals and observation:

Observation 1: Although WLAN AP has no RLC sub-layer, but UE can receive the data from WLAN AP in sequence which can be realized by transmit queue defined in WLAN.
Observation 2: PDCP PDU losses in transmit from eNB to WLAN may lead to the data buffered in WLAN AP transmit queue is out of sequence. 
Observation 3: For LTE-WLAN aggregation, 2C architecture should align with 3C architecture. 
Proposal 1: For 2C architecture, PDCP reordering function is also needed in UE PDCP sub-layer. 

Proposal 2: For LTE-WLAN aggregation, RLC UM like reordering scheme (with a t-Reordering timer) can be reused for PDCP layer reordering in case of split bearers. 
Proposal 3: For LTE-WLAN aggregation, PDCP performs reordering -> deciphering -> header compression in case of split bearers. 
Proposal 4: When the change from aggregation to no aggregation, the split bearer reordering function keeps running until PDCP re-establishment occurs. 
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