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1 Introduction
Dual connectivity have been discussed for the small cell enhancement SI higher layer. The SCE network and protocol architecture would be further discussed based on dual connectivity. In dual connectivity, with regard to the user traffic transmission, there would be two approaches, 1) single flow and 2) multi flow transmission. Transmission policy would impact on the network and protocol architectue. Multi flow has been discussed in RAN2 Chicago meeting. During the discussion, user throughput was an evaluation aspect for discussing the transmission method. In addition, for assessing both of the alternatives, the impact on the protocols and upper layer (e.g., TCP) could be evaluated.

In this contribution, we present the impact on the radio protocol and upper layer due to the multi flow. 
2 Multi-flow on dual connectivity
SCE(Small Cell Enhancement) SI has been introduced to increase user throughput and transmission efficiency with the use of both macro and small cell. 
Following figure1 depicts an example scenario for the dual connectivity. 
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Figure1. Dual connectivity with macro and small eNB

Here, we simply assume the dual connectivity as a case with available two radio path via macro and small eNB to an UE. And the eNBs can be connected with non-ideal backhaul with the 20~60ms delay. Therefore, the dual connectivity could be only considered in the overlapped area with macro and small eNB. 

In dual connectivity, there would be two transmission alternatives; 1) single flow transmission and 2) multi flow transmission. [7][8]
1) Single flow transmission 

Actually single flow transmission is an normal transmission method from Rel-8. In case of no dual connectivity, one EPS bearer should be mapped to one RB. Similarily, even in case of dual connectivity, one EPS bearer should be mapped one RB between macro eNB and UE. In addition, the other EPS bearer could be mapped one RB between small eNB and the UE. Therefore, this could be considered as RB based approach[8]. 
2) Multi flow trnamsission 

Figure 2 shows the concept of multiflow in dual connectivity. 
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Figure2. Multiflow concept in SCE

From above assumption, the UE can have two radio path via macro and small eNB in dual connectivity. Hence, in case of dual connectivity, one EPS bearer could be mapped on two different RBs in both macro and small eNB. Depending on the implementation, each packet can be mapped and transmitted to macro and small eNB. Therefore, this could be considered as packet based approach [8]. User throughput gain in case of single and mulfi flow have been analysised and assessed with regard to macro cell load and UE signal quality aspect[7][8]. 
Figure 3 shows one of the protocol architecture to discuss the multiflow. 
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Figure3. Two independent RLC with one PDCP (macro and small eNB)
There would be only one PDCP entity in eNB and UE and there would be two independent RLC entity in each eNB. Therefore, the one EPS bearer could be splitted into two RB from RLCs in macro and small eNB. 
As we discussed, one EPS beaer would be mapped to one RB in case of no dual connectivity. In addition, the radio protocol would be basically implemented based on the single connectivity. Therefore, considering the multi flow, the interaction between radio protocols and the impact on the upper layer should be carefully verified on whether or not there would be the problem or performance degratoin 

3 PDCP PDU delivery from two RLC entity
RLC AM mode would be used for the reliable service trasmission (e.g., FTP). For the reliable service transmission, the RLC AM mode support ARQ operation which is error free transmission from sender to receiver. RLC could reorder the RLC PDUs if there are received out of sequence PDUs due to HARQ operation performed in MAC. And also, RLC AMD PDUs could be retransmitted from sender to receivcer. 

Based on the ARQ operation, RLC AM mode could support the in-sequence delivery of RLC SDUs to upper layer (PDCP). 
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Figure4. Two independent RLC with one PDCP

In figure4, the UE radio protocol has been shown in case of multi flow. As depicted in figure3, there are two independent RLC entities in macro and small eNB. For the independent RLC entities in macro and small eNB, the UE should also have two independent RLC entities. We assume the RLC entity peer between macro eNB and UE as RLC-macro and between small eNB and UE as RLC-small. Based on the RLC ARQ operation, RLC entity peer would still have a nature to support the in-sequence delivery to upper layer. For example, downlink transmission from macro eNB RLC entity to UE RLC entity would still execute in-sequence delivery and from small eNB RLC entity to UE RLC entity would also support in-sequence delivery to upper layer. 
According to the PDCP specification, PDCP layer expects in-sequence delivery of PDCP PDU from lower layers (RLC). Following description is an excerption PDCP specification [5].

TS36.323

---------------------------------------------------------------------------------

4.3.2
Services expected from lower layers

For a detailed description of the following functions see [5].

-
acknowledged data transfer service, including indication of successful delivery of PDCP PDUs;

-
unacknowledged data transfer service;

-
in-sequence delivery, except at re-establishment of lower layers;
-
duplicate discarding, except at re-establishment of lower layers.

-------------------------------------------------------------------------------------
In figure4, the UE only have one PDCP entity as a peer for the macro eNB PDCP and there are two independent RLC entities for the macro and small eNB. In case of multi flow, the PDCP PDU could be transmitted to one of both macro and small eNB based on the offloading and QoS. The PDCP PDUs which are transmitted to small eNB would go through non-ideal backhaul with 20~60ms transmission delay. In addition, there could be a case of the out of sequence from HARQ operation. Therefore, there would be transmission time difference between macro eNB RLC entity and small eNB RLC entity. In the UE PDCP, there would be PDCP PDU delivery with transmission time difference between macro eNB and small eNB RLC entity. Due to the transmission time difference of the PDCP PDU from macro and small eNB RLC entity, the PDCP PDU would not keep the in-sequence delivery from the lower layer. Since the PDCP layer is designed based on the in-sequence deliver from lower layer, it should be verified that there would be no problem due to this discrepancy due to out of sequence delivery from lower layer in case of two RLC and one PDCP. 
Even though the PDCP SDU can be discarded due to the PDCP discard timer operation, each PDCP entity could transmit the PDCP SDU to upper layer as an ascending order. However, PDCP PDU delivery from two RLC entities to one PDCP entity would cause out of sequence delivery of PDCP SDU to upper layer. Whether or not there would be a problem to upper layer should be clearly discussed for further discussion about the network and protocol architecture considering the dual connectivity. For example, depending on the TCP implementation, the out of sequence delivery from lower layer might cause unexpected NACK due to the out of sequence even in case the packet arrives at receiver side. This case causes performance and user throughput degradation due to the TCP error control. 
As we discussed in the above, the dual connectivity case would bring some change of the radio protocol. Besides the assessing based on loading and traffic characteristics, the impact from the changing of the radio protocols and on the upper layer should be also considered to decide the transmission policy for dual connectivity. This aspect also could impact on the user throughput in case of dual connectivity.
Observation: 
In dual connectivity, the protocol architecture with one PDCP and two independent RLC for multi flow could cause the out of sequence delivery of PDCP PDU from lower layer (RLC). This could also cause impact on the user throughput of the UE in dual connectivity
Proposal: 
On discussing the transmission policy of the dual connectivity (e.g., single flow and multi flow transmission), it is proposed that the impact from the changing of the current radio protocols and on the upper layer (e.g., TCP) should be considered for further discussion.
4 Conclusion
In this contribution, we have discussed the following observations.
Observation: 

In dual connectivity, the protocol architecture with one PDCP and two independent RLC for multi flow could cause the out of sequence delivery of PDCP PDU from lower layer (RLC). This could also cause impact on the user throughput of the UE in dual connectivity
Proposal: 
On discussing the transmission policy of the dual connectivity (e.g., single flow and multi flow transmission), it is proposed that the impact from the changing of the current radio protocols and on the upper layer (e.g., TCP) should be considered for further discussion.
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