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1 Introduction

Number of protocol architectures are discussed where offloaded traffic is delivered to the small cell for transmission over the radio at different protocol layers. All these architectures can be used to address the identified technical aspects: mobility robustness, throughput enhancement and signaling load reduction. Main difference between RAN level traffic offloading architectures are resulted due to which layer performs the traffic offloading functions. Handling of user plane interruption during the offload bearer modification may see some differences depending on which protocol layer is in charge of traffic offloading. This paper discusses the user plane interruption in different UP architectures.   
2 Discussion

Architecture option 2A performs the offload traffic delivery above PDCP layer. Architecture option 2C performs the traffic delivery at the PDCP PDU level after allocation of the PDCP SN. Architecture 2D performs the offloading traffic delivery at RLC PDU level where distributed RLC is used. Main claimed advantage of option 2C and 2D compared to option 2A is the possibility for reduced user plane interruption at change of small cell. The use of centralised protocol layer (eg, PDCP or upper RLC) may assist in recovering already transmitted PDCP PDU or RLC PDU during the small cell change.  
The user plane handling during the offloaded bearer modification is shown in Figure 1. It is considered that a DL bearer served by the small cell is modified to be served by the macro cell in the illustration. The signalling flow is corresponding to any UP architecture options where S1-U is terminated at the MeNB.
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Figure 1: DL traffics change from SeNB to MeNB

With architecture option 2C, MeNB forwards the data to the SeNB for delivery to the UE. Due to the non-ideal backhaul characteristics, it may require to keep a data buffered at the SeNB. Note that the backhaul link may have variable delay. At the time of bearer modification, there may be some undelivered data at the SeNB. The MeNB starts delivering the PDCP PDU towards the UE. However, the MeNB is required to know the PDCP status report in order to know what PDCP PDUs are not yet delivered (eg: due to the buffering at the SeNB). This information either can be provided by the SeNB or provided by the UE as PDCP status report after the RRC connection reconfiguration. 
Similarly, for option 2A there might be some PDCP SDUs at the SeNB undelivered at the time of offload bearer modification. To avoid the losses during bearer modification, the information of undelivered PDCP SDU information should be provided to the MeNB. SN status transfer as in legacy HO procedure can be used for this purpose. Figure 2 illustrates the signalling flow. The SeNB provides the SN transfer to the MeNB at the time of “traffic offloading change request Ack”. In order to mitigate the user plane interruption, the SeNB continues transmitting the data to the UE until the MeNB informs the offloading bearer modification by the UE. This may results in reception of duplicate packets however the duplicate detection function as per the legacy HO can be used at the UE. 
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Figure 2: DL traffics change from SeNB to MeNB
As shown above, the user plane interruption seen by the corresponding bearer offloaded over the small cell in option 2A is similar to the interruption seen in the legacy HO procedure. Note that the user plane interruption has not been identified as challenging issue. Moreover, option 2A could be further improved to handle user plane interruption if identified as a challenge.
Proposal 1: The user plane interruption seen during offload bearer modification in option 2A is similar to the interruption seen in the legacy HO procedure. If required, option 2A could further be improved to handle user plane interruption therefore the user plane interruption should not be used as a differentiation in the architecture selection.
3 Conclusions

This contribution discusses user plane handling during the offload bearer modification and the following proposal is made:

Proposal 1: The user plane interruption seen during offload bearer modification in option 2A is similar to the interruption seen in the legacy HO procedure. If required, option 2A could further be improved to handle user plane interruption therefore the user plane interruption should not be used as a differentiation in the architecture selection.
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