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1. Introduction
In this paper, the details of user plane aspects of uplink split bearer are discussed and some recommendations are provided.
2. MAC to support uplink split bearer
2.1. Scheduling Request and Buffer Status Report
As already agreed in Rel-12, MAC entities in the UE are configured per cell group, i.e. one MAC for MCG and one MAC for SCG. The structure allows independent scheduling processes in each eNB as well as possibly re-using existing mechanisms. Furthermore, in order to maximize the benefit from dual scheduler in dual eNBs, entirely independent operation of their respective MACs should be supported. This also reduces the required coordination between the two eNBs over X2. To satisfy the above principles, the existing mechanisms should be reused to support uplink split bearer. 
Proposal 1:
The existing SR/BSR mechanism should be reused to support UL split bearer. 
2.2. Logical Channel Prioritization
As summarized in the email discussion [1], there were two options proposed and discussed, i.e. common bucket and separate buckets. The common bucket option may be beneficial to ensure the required QoS of the split bearer is met since it’s not clear how the PBR values are configured in the case of two separate buckets. On the other hand the separate bucket option is consistent with the existing mechanism, so specification impact would be substantially reduced and independent process of MAC may be supported. 
In Rel-12, RAN2 specified split bearers are only supported for RLC AM. This limitation is derived from the following RAN2 agreement: 
	0
We do not support RLC UM bearers in split mode.


The agreement means GBR bearers are not configured with split bearer, so there’s no benefit for using the common bucket option to reduce UE complexity. 
With the separate bucket option, it facilitates independent process and QoS control, and this may be handled in higher layers, i.e. PDCP and/or RRC. 
Proposal 2:
Separate bucket mechanism should be supported for each cell group for UL split bearer.
Another issue that should be addressed from the network’s perspective is the handling of the re-ordering process at the MeNB’s PDCP layer which may have limited buffer size. This should be accounted for as part of the support for uplink split bearer. 
To avoid buffer overflow at PDCP re-ordering process in the MeNB, the uplink packet delivery on split bearer needs to consider different latency performances between the MeNB path and the SeNB path, which is caused by differences in radio conditions and X2 latency.  
As a baseline, prioritization of the SCG part of the split bearer over the MCG part of the split bearer should be supported. However this may be handled by eNB implementation.
Proposal 3:
Prioritization of the SCG part over the MCG part of the split bearer is necessary to avoid PDCP buffer overflow, but this may be handled by eNB implementation.
3. PDCP to support uplink split bearer
3.1. Scaling of two routes
In the email discussion [1], data available for transmission was discussed and option 3 was described as a mechanism to allow for differences in the data routing function to the MCG or SCG, i.e. how the PDCP PDU is delivered towards MCG or SCG. Based on the email discussion, there is no decision on how to handle the scaling between the two routes when data is available for transmission. The following four alternatives may be considered for scaling: 
Alt 1. RRC configuration provides a fixed value of the scaling of the packet-delivering routes, e.g. 30%:70%. This option is simple, but it cannot easily adapt to the changing conditions of both links, e.g. throughput and/or latency. RRC Connection Reconfiguration will be needed to change the scaling values. 
Alt 2. Scheduler in MeNB provides dynamic/semi-static value of the scaling, taking into account of the changing conditions of both links. This option may be more complicated and may require increased overheads, but more gain is expected. 
Alt 3. UE decides the ratio by itself (UE implementation). UE may decide the ratio considering amount of buffer status for MCG/SCG, radio condition, throughput via each CG and whether there is UL grant or not.
Alt 4. MeNB selects one solution from multiple solutions above. MeNB may decide on which solution to use depending on e.g. how critical the X2 delay.
Proposal 4:
RAN2 should discuss which of the above alternatives should be adopted for scaling between MCG path and SCG path for packet delivering on split bearer. 
3.2. Discard rule considering two routes
According to current specification [2], PDCP discard occurs under the following conditions; 
	5.4
PDCP discard

When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report, the UE shall discard the PDCP SDU along with the corresponding PDCP PDU. If the corresponding PDCP PDU has already been submitted to lower layers the discard is indicated to lower layers.


The above mechanism assumes one data path, i.e. MCG bearer or SCG bearer in dual connectivity. 
Observation 1:
The existing PDCP discard mechanism assumes one data path, i.e. can be re-used for MCG bearer and SCG bearer. 
Observation 2:
It needs to be clarified whether existing PDCP discard mechanism can be reused for split bearer. 

One of the main benefits with split bearer is the opportunity to deliver the packets using two paths. While the existing mechanism may also work for split bearer, in order to deliver the packet efficiently and without unnecessarily discarding of PDCP SDU/PDUs at the UE, possible enhancement should be considered. For example, it’s a common understanding that SCG will be deployed as small cells, i.e. pico-cells or femto-cells, and that mobility robustness is more reliable between the MCG and the UE rather than between the SCG and the UE. When the UE moves towards the cell edge of the SCG, the PDCP SDU/PDUs attempting to transmit towards the SCG will not be expected to be delivered successfully. Instead, the PDCP SDU/PDUs should be re-routed towards the MCG with better mobility robustness, in order to avoid unnecessary discarding of the SDU/PDUs. The following 3 options may be considered to achieve this benefit: 
1. Introduce a new rule to allow re-routing when the discard timer expires. For example, the UE attempts to retransmit the associated PDCP SDU/PDUs towards the other cell group when the timer expires, and when the same timer expires once again the UE discards the PDCP SDU/PDUs. 
2. Introduce dual discard timers for each cell groups. With this option the UE can decide whether the PDCP SDU/PDUs should be re-transmitted towards the other cell group (when one timer expires) or discarded (when both timers expire). 
3. Introduce dual discard timers for re-routing and discard. With this option the UE should try to re-transmits the PDCP SDU/PDUs which have not yet been delivered successfully and starts the second timer when the first timer expires. Then, the UE discards the PDCP SDU/PDUs when the second timer expires. 
The three options are depicted in Fig. 2. 
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Fig. 2
Re-routing mechanism options

Options 2 and 3 have more flexibility in the timer configurations, while Option 1 can be configured with only a single timer value and the same timer is used twice. For example, it may be assumed the radio link towards the SeNB has more capacity, e.g. per-user throughput, than that towards the MeNB, because the SeNB is typically assumed as small cells. In the case, the discard timer for the SeNB should be configured with a shorter timer than that for the MeNB, in order to avoid unnecessary extension of time to keep the PDCP SDU/PDUs. The same dual-timer configuration can also work well assuming the radio condition with the SeNB may be worse than the radio condition with the MeNB due to UE mobility. Therefore, either option 2 or 3, with dual discard timers, would be more suitable to realize the potential gain. 
Proposal 5:
RAN2 should introduce dual discard timer for split bearer. 
3.3. SCG-RLF case considering two routes
In Rel-12, it was agreed that the UE shall suspend all SCG DRBs and suspend SCG transmission for split DRBs upon detection of SCG-RLF [3] but there is no restriction to the MCG transmission for split DRBs. This behaviour corresponds to RAN2 agreement [4]:
	3
The data transfer for a split bearer over the MeNB is maintained upon S-RLF.


In Rel-12, UE actually sends uplink split bearer only towards one eNB, either MeNB or SeNB. In the case the UE sends the uplink to the SeNB but SCG-RLF is subsequently detected, the UE should redirect the transmission of all PDCP packets towards the MeNB and suspend transmission of all PDCP packets towards SeNB. However, if the UE transmits part of PDCP packet transmission towards MeNB while some packet for SeNB is suspended, since PDCP is not re-established, this may result in buffer overflow at the MeNB.
To resolve this issue, the UE should autonomously re-route the pending PDCP PDUs at the SeNB towards the MeNB without RRC Reconfiguration. Then buffer overflow can be avoided. Detection of SCG-RLF is a good indication to the UE that such re-routing to the MeNB is needed. The existing procedure for PDCP re-establishment may be reused in this scenario [2].
Proposal 6:
SCG-RLF should be used as an indication to the UE that all unacknowledged PDCP packets should be re-routed to the MeNB.
After SCG-RLF is detected, there is a possibility that the SeNB is resumed through SCG change procedure. In this case, UE may send the same packet through SeNB although the packet is already received by MeNB. In order to avoid this duplication, SCG-RLC in the UE should discard its SDU upon SCG-RLF. To prevent duplication in the PDCP layer, the MeNB should provide the PDCP Status report towards the UE upon resuming SeNB operation so that the UE will only send unacknowledged PDCP packets towards the SeNB.
Proposal 7:
SCG-RLC in the UE should discard its SDU upon SCG-RLF.

Proposal 8:
To prevent duplication in the PDCP layer, MeNB should provide the PDCP Status report towards the UE upon resuming SeNB operation.
4. Conclusion 
In this contribution, the support of uplink split bearer by the MAC and PDCP layers is further analysed from both the UE and the network’s perspectives. At MAC layer, separate bucket option is proposed. 
At PDCP layer, options for handling the scaling issue are suggested. Furthermore, it is proposed that dual discard timers for re-routing the PDCP data units should be adopted. Re-routing the PDCP data units upon detection of SCG-RLF is also discussed.
We have the following observations and proposals. 
Proposal 1:
The existing SR/BSR mechanism should be reused to support UL split bearer. 

Proposal 2:
Separate bucket mechanism should be supported for each cell group for UL split bearer.

Proposal 3:
Prioritization of the SCG part over the MCG part of the split bearer is necessary to avoid PDCP buffer overflow, but this may be handled by eNB implementation.
Proposal 4:
RAN2 should discuss which of the above alternatives should be adopted for scaling between MCG path and SCG path for packet delivering on split bearer. 
Observation 1:
The existing PDCP discard mechanism assumes one data path, i.e. can be re-used for MCG bearer and SCG bearer. 
Observation 2:
It needs to be clarified whether existing PDCP discard mechanism can be reused for split bearer. 

Proposal 5:
RAN2 should introduce dual discard timer for split bearer. 
Proposal 6:
SCG-RLF should be used as an indication to the UE that all unacknowledged PDCP packets should be re-routed to the MeNB.
Proposal 7:
SCG-RLC in the UE should discard its SDU upon SCG-RLF.

Proposal 8:
To prevent duplication in the PDCP layer, MeNB should provide the PDCP Status report towards the UE upon resuming SeNB operation.
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