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1 Introduction

In this contribution, remaining issues of UL of the split bearer in dual connectivity are discussed. This area includes topics like triggering of the buffer status report, transmission of the PDCP data and reconfiguration of eNB used for the transmission of split bearer. 
Related to this issue, in RAN2#85bis meeting, the following was agreed:

=>
We do not support UL bearer split in Rel-12 assuming that it causes less complexity and helps the progress of the WI. 

=>
For split bearers, the network configures via RRC over which link the UE transmits UL PDCP data. 

=>
The UE does not report PDCP data as available to the other eNB

2 Discussion

2.1 BSR reporting for PDCP data
As discussed above, RAN2 agreed to not introduce UL split. RAN2 also agreed that the UE reports PDCP data only to one eNB. So from that perspective, the BSR solution is very simple for the split bearer: BSR due to PDCP data is transmitted towards one eNB only. This eNB is configurable by the network. It can be assumed that in some cases selecting UL towards MeNB is preferable to minimize the latency whereas in other cases selecting UL towards SeNB is preferable to minimize the path loss between the UE and the base-station.
The limitation to report PDCP data to one eNB only can be captured either in the MAC specification or the PDCP specification. Currently, MAC takes into account available buffer in RLC and PDCP level:

-
Buffer Size: The Buffer Size field identifies the total amount of data available across all logical channels of a logical channel group after all MAC PDUs for the TTI have been built. The amount of data is indicated in number of bytes. It shall include all data that is available for transmission in the RLC layer and in the PDCP layer; the definition of what data shall be considered as available for transmission is specified in [3] and [4] respectively. The size of the RLC and MAC headers are not considered in the buffer size computation. The length of this field is 6 bits. If extendedBSR-Sizes is not configured, the values taken by the Buffer Size field are shown in Table 6.1.3.1-1. If extendedBSR-Sizes is configured, the values taken by the Buffer Size field are shown in Table 6.1.3.1-2.

On the other hand, the PDCP layer considers data available for transmission as described in TS 36.323:

For the purpose of MAC buffer status reporting, the UE shall consider PDCP Control PDUs, as well as the following as data available for transmission in the PDCP layer:

For SDUs for which no PDU has been submitted to lower layers:

· the SDU itself, if the SDU has not yet been processed by PDCP, or

· the PDU if the SDU has been processed by PDCP.

It would be more straightforward to consider limitations in UL in the PDCP layer rather than in the MAC layer.
Proposal 1 The PDCP layer ensures that UL data is seen available only to one eNB (either MeNB or SeNB). It is controlled by RRC signaling which eNB should see the data.
2.2 Transmission of UL data towards one eNB

According to RAN2 agreement, not only BSRs are limited but the transmission of new UL PDCP data should be limited to one eNB. This limitation is useful so that data does no accidentally end being sent to wrong eNB. The simplest way to introduce this limitation is to introduce in PDCP a routing function that ensures that data is routed to one eNB only, configured by RRC. When the data is in the RLC and MAC layer, there is no risk that it will end up being sent to the wrong eNB as the  RLC and MAC entities are eNB specific. 
Proposal 2 Introduce a routing function in PDCP to forward data towards the RLC entity of the eNB that is configured by RRC. The configuration should be the same as used for BSR reporting.
2.3 Reconfiguration of the eNB for UL
As discussed earlier, it can be assumed that in some cases MeNB is preferable to minimize the latency whereas in other cases SeNB is preferable to minimize the path loss between the UE and the base-station. Thus it can be expected that the UL for a split bearer is reconfigured every now and then. Handling of this scenario needs to be discussed.

When the UL direction changes, it can be expected that some data is still pending in the PDCP and RLC buffer. Ensuring that the RLC data is not send to the wrong eNB could be solved by resetting UL (RLC and MAC entities) when reconfiguration occurs.
Another solution is to simply change the configuration and routing in the PDCP layer and keep RLC data in the old buffer. Due to this, the UE may send data towards two eNBs temporarily. However, this is not necessarily a big issue. The benefit with this approach is that the RLC reset is avoided.
It needs to be ensured that when the reconfiguration occurs, no data gets stuck in the buffer, 
1. BSRs for RLC data continue as earlier
2. BSRs for PDCP need to be updated
· For the new eNB (to which UL is mapped), the switch should trigger a BSR so that the new eNB is aware of the data in the PDCP buffer. This rule can be clarified either in the PDCP specification or in the MAC specification. 
· For the old eNB (from which UL is removed), the eNB needs to learn that there is no new PDCP data in the buffer. This can be done either by relying on padding BSR or by triggering extra BSR in this situation.
Proposal 3 When eNB for the UL is changed, the UE starts routing of PDCP data towards the new RLC entity. RLC and MAC data is kept in the old buffer and a BSR towards each eNB should be triggered.  
3 Conclusion

In this contribution, we have discussed remaining aspect of uplink for split bearer and made the following proposals:

Proposal 4 The PDCP layer ensures that UL data is seen available only to one eNB (either MeNB or SeNB). It is controlled by RRC signaling which eNB should see the data.
Proposal 5 Introduce a routing function in PDCP to forward data towards the RLC entity of the eNB
Proposal 6 When eNB for the UL is changed, the UE starts routing of PDCP data towards the new RLC entity. RLC and MAC data is kept in the old buffer and a BSR towards each eNB should be triggered.
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