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1. Introduction

New WI on dual connectivity enhancements for LTE was approved in RAN#67. One objective of the WI which requires RAN2 work is on the Uplink bearer split. The following agreements were made in the last RAN2 meetings for support of UL bearer split.

	Agreements (Set A)
1: Separate buckets shall be used for UL split bearers. It is up to network configuration to ensure that RLC status reports do not get stuck in UL.

2: The Rel-12 SR triggering mechanism is sufficient to handle the arrival of PDCP PDUs for UL bearer split.

3: No additional power control scheme is required for UL bearer split.

4: For a split bearer, go for double reporting + threshold

If the PDCP data amount is above threshold, both MAC entities triggers BSRs.

If the PDCP data amount is less than threshold, only one MAC entity triggers BSR.




	Agreements (Set B)
0:  Threshold is configured per radio bearer.

1:
PDCP is indicated by ul-DataSplitDRB-ViaSCG-r12 to which the eNB UE shall trigger BSR when PDCP data amount is less than the threshold

2:  PDCP reports BS for UL bearer split only towards the eNB indicated by ul-DataSplitDRB-ViaSCG-r12 when PDCP data amount is less than the threshold

2a:
PDCP reports BS for UL bearer split towards the both eNBs when PDCP data amount is above the threshold

3:
PDCP transmits PDCP PDU for UL bearer split only towards the eNB indicated by ul-DataSplitDRB-ViaSCG-r12 when PDCP data amount is less than the threshold

4:
BSR triggering, Buffer Size calculation, and data transmission is aligned.




It was discussed in the last RAN2 meeting additional BSR triggers which may required for the support of UL bearer split. In this contribution we provide our views on the BSR triggers and timer configuration for the support of UL bearer split.

2. Discussion

It was agreed to use separate bucket for support of logical channel prioritization and double reporting of the BSR to both eNBs involved in the dual connectivity. Full PDCP data buffer information for the split bearer is provided to both MeNB and SeNB, if buffer size exceeds a threshold. Otherwise, the UE reports the BSR only to one eNB as per the configuration provided for UL data path.  

According to the legacy BSR procedure, there are three types of BSR; Regular BSR, padding BSR and periodic BSR. Regular BSR related to UL data arrival. BS for the split bearer needs to be calculated whenever a BSR is sent whether it is triggered by regular, padding or periodic BSR. According to the agreements 2,2a,3, BS for split bearer is only reported to the configured eNB when the BS is below the configured threshold. For the BS reporting to the other eNB (where UL data path is not configured to), the BS for the split bearer should be taken as zero BS, ie. Considered as no data available in the buffer, when the data for the split bearer is below the threshold. 
Remark 1: The BS towards the eNB where UL data path for split barer is not configured, BS should be taken as zero value, i.e. considered as no data available in the buffer, when the data for the split bearer is below the threshold, whenever a BSR is sent.

According to the legacy BSR triggering procedure, the regular BSR is triggered when UL data becomes available for transmission for a logical channel which belongs to a LCG and the logical channel which data available for transmission is higher priority than the priorities of the logical channel which data is already available or there is no data available for transmission for any of the logical channels which belong to a LCG.
It was discussed in the last RAN2 meeting whether there is a need for a new BSR trigger when the data for UL split bearer becomes above the configured threshold. This was intended to inform the availability of the UL data to the eNB which the UL data path is not configured. Following remark 1 and the legacy BSR triggering criteria, the data becomes higher than threshold can be interpreted with regards to the BSR trigger for the eNB which the UL data path is not configured as the data becomes available and there is no data already available for transmission for any of the logical channels of the LCG. Therefore, we think there is no need to define a new trigger for support of BSR upon the data becomes higher than threshold as this is already covered by the legacy BSR triggers.
Proposal 1: There is no need to define a new trigger for support of BSR upon the data becomes higher than threshold as this is already covered by the legacy BSR triggers.

The legacy BSR procedure supports up to date buffer status information at the scheduler. The BS is provided by the UE per LCG and not per logical channel. The UL grant is provided per UE and the UE performs UL logical channel prioritization in order to fairly distribute the grant to serve the bearers with data. 

According to agreement 1 (Set B), the UE shall trigger BSR towards the eNB configured with UL data path when the split bearer buffer becomes less than the threshold. We understand this is introduced to inform the scheduling eNB the up to date buffer status. 
It was discussed in the last meeting whether the configured threshold for split bearer needs to be known by other eNB. There can be more than one logical channel configured for a LCG. Also a LCG may contain combination of split and MCG bearer depending on the configuration. Even if the threshold is known to the other eNB, the eNB doesn’t have information of how much of data belongs to which bearer. Therefore usefulness of other eNB knowing the configured threshold for split bearers is not very clear. Moreover up-to-date buffer information is available at the scheduling eNB therefore the procedure is same as the legacy BSR and no additional information is required to be provided to the scheduler.
Proposal 2: There is no necessity of the knowledge of configured threshold for split bearer at other eNB for the split bearer scheduling.

It is assumed so far the reuse of legacy BSR triggers and BSR timers even for the support of UL split bearer. Legacy BSR is design to handle the single connectivity. The BSR triggers design to report the BSR when the new data arrives on the bearer and there is no ongoing transmission for higher priority bearers, when the BSR retransmit timer, retxBSR-Timer, expires or periodic BSR timer, periodicBSR-Timer, expires. 
After reporting X amount of buffer size, the bearer is served by both eNBs. However the triggering of another BSR reporting the buffer status of UL split bearer is governed by the data in the high priority bearers as well as the UE specific timers. When the buffer size is below a threshold, only one eNB serves the split bearer. According to agreement 1 (Set B), when the buffer size becomes below threshold, the corresponding eNB is informed such that the data can be served satisfying the QoS of the bearer. 

Currently the retxBSR-Timer and periodicBSR-Timer are configured per UE or per MAC entity. When split bearers are configured, the SeNB would only be configured with split bearers. Therefore, the BSR timers can be configured for SCG MAC to suit the split bearers. MeNB serves both MCG bearers and split bearers. Therefore MCG MAC BSR timers are configured to cater for both bearer types. Unlike MCG bearers, split bearers are served by both SeNB and MeNB. Thus buffer status does not only depend on the new data arrival for the bearer but also the serving of the bearer by both eNBs.  Amount of split bearer served by the SeNB is communicated to the MeNB via PDCP PDUs.  PDCP PDU, however takes long time to arrive at the MeNB due to the protocol processing and backhaul latency. Therefore providing the information over BSR which is over the radio is faster way of informing the MeNB of the buffer status for split bearer. One way to achieve timely delivery of buffer status reporting is to configure short timer values when split bearers are configured. 

Based on above analysis, we think the current BSR timers (per MAC entity based timers) are sufficient to handle the UL split bearer. SeNB can serve only split bearer or SCG bearer at a time. When split bearer is configured, the SeNB could configure the SeNB BSR timers to serve the split bearers appropriately, e.g. could configure short timers if BSR information to be received quickly at the SeNB. 
The MeNB is aware of the data amount served by the SeNB even though the backhaul latency would be contributed to the time at the MeNB received the information. If however, there is requirement for the MeNB to receive the buffer status information for split bearer quickly, a short BSR timer values could be configured. Considering the BSR timer are set per MAC entity, short timer values may impact the BSR transmission triggered due to the data arrivals of MCG bearer. Another way is to resolve the issue is to configure separate BSR timers for split bearer. This however changes the principle of legacy BSR operation hence has significant specification impact.
Our preference is to not to change the legacy BSR principle and rely on the short BSR timer configuration at SeNB and available information via PDCP PDUs at the MeNB.

Proposal 3: It is considered that legacy BSR timers are sufficient to handle UL split bearer. Significant benefit should be shown if to introduce enhancement to BSR mechanism in support of UL split bearer 

3. Conclusion

In this contribution, we have discussed control of split bearer scheduling in order to achieve high UL throughput. The following proposals and observation were made.
Remark 1: The BS towards the eNB where UL data path for split barer is not configured, BS should be taken as zero value, i.e. Considered as no data available in the buffer, when the data for the split bearer is below the threshold, whenever a BSR is sent.

Proposal 1: There is no need to define a new trigger for support of BSR upon the data becomes higher than threshold as this is already covered by the legacy BSR triggers.

Proposal 2: There is no necessity of the knowledge of configured threshold for split bearer at other eNB for the split bearer scheduling.

Proposal 3: It is considered that legacy BSR timers are sufficient to handle UL split bearer. Significant benefit should be shown if to introduce enhancement to BSR mechanism in support of UL split bearer 
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