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Discussion and Decision
1      Introduction
In RAN2#83bis meeting, user plane options were down selected to option 1A (without bearer split) and 3C (with bearer split). The main benefit of option 3C is the potential throughput enhancement in downlink. However, it is not clear whether we need to support bearer split in uplink as well. This contribution is focused on this area. The discussion is focused on DRB while the handling of SRB is discussed in [2].
2      Discussion
2.1     User throughput
On whether to support UL bearer split, the first question is whether UL bearer split can provide user throughput gain compared with serving the UE by SeNB only. There are several reasons that such gain is not significant in scenarios where DL splitting is likely to be applied:
· Typically for a certain UE, the channel condition at SeNB (pico cell) is much better than that at MeNB (macro cell). The reason is that UE is typically much closer to SeNB than MeNB. From results in [1], one can clearly see that using pico as serving cell in UL provides significant gain. As the main benefit of using bearer split is to get additional resources from macro cell, it is expected that such gain is rather limited considering that pico cell is much more efficient than macro cell in providing radio resources.

· One key difference from downlink is that maximum UE transmission power is kept the same no matter how many serving cells are configured. In downlink, there is no such limitation since UE may get throughput boost from receiving DL transmissions in different frequencies. 
· Another factor is the non-ideal backhaul. Since MeNB and SeNB cannot coordinate scheduling decisions in a very fast manner due to non-ideal backhaul delay, the performance will be degraded compared with centralized scheduler. 
Observation 1: UL bearer split cannot bring significant throughput enhancements.
2.2     Impact of supporing UL bearer split
There are several impacts due to the support of UL bearer split.
BSR

BSR operation is more complicated due to UL bearer split, and the issue is discussed in detail in [3]. 
LCP

There is LCP problem to support UL bearer split, which is discussed in [4].
PDCP reordering
For option 3C in DL, PDCP reordering in UE side is needed since two RLC entities are used to handle DL data. Similarly, for UL bearer split, since PDCP PDUs are transmitted via two independent RLC entities, MeNB needs to perform PDCP reordering. Such PDCP reordering increases MeNB buffering requirements.
Observation 2: PDCP reordering at MeNB is needed to support UL bearer split.
Interaction between protocol layers
In current radio architecture, after PDCP layer processing, the resulting PDCP Data PDU is submitted to lower layer [5]. Packets to be transmitted on uplink are held at a transmission buffer at RLC layer and the data is processed (subject to logical channel prioritization) when UE receives uplink grants. 
If UL bearer split is supported, both RLC entities can transmit UL data. The question now is how the data is handled after PDCP layer processing. There are three options:
a) Split PDCP PDUs to RLC entities before receiving UL grants
In this option, UE uses an implementation related algorithm to determine the split ratio and dispatch the PDCP PDUs to RLC entities immediately after PDCP layer processing. However, there is a possible dead lock situation, i.e., the data may sit in one of the RLC buffers that may not get any future grant to send the data.
b) Hold PDCP PDUs at the PDCP Layer and split after receiving UL Grants
In this option, only after UE receives UL grants and performs LCP, PDCP PDUs are submitted to corresponding RLC entities. This option is feasible in the sense that there is no strict requirements that after PDCP layer processing, the resulting PDCP Data PDU should be submitted to lower layer immediately. Following is the relevant part from section 4.5 of TS 36.323 [5]:
	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.


One potential issue with this option is that there might be additional delay due to the interaction between PDCP and RLC layers. The impact from such additional delay might be implementation specific, but it might have some impact on whether UE can fulfill the timing requirement between receiving UL grant and sending the UL packet accordingly.

c) Hold data packets at the RLC Layer and split after receiving UL grants
In this option, all PDCP PDUs are submitted to both RLC entities. After UE receives UL grant and performs LCP, data is processed from RLC layer accordingly. Since one UL packet is only transmitted from one RLC entity, the same packet in the other RLC entity should be discarded.
The drawback of the proposal is the bigger RLC buffers should be provisioned and there are more interactions (e.g. dropping packets) needed.

Observation 3: there are protocol layer interaction issues to support UL bearer split.
2.3     Protocol structure for UL when bearer split is used in DL

Based on above discussion, it is preferable that UL bearer split is not supported. One exception case is that when RLC AM is used, since bearer split is performed in DL, there are corresponding RLC STATUS PDUs in uplink. Basically there are two ways to handle RLC STATUS PDU. One option is to transmit all RLC STATUS PDUs to one eNB, which performs forwarding if necessary. The other option is that UE transmits RLC STATUS PDU to the corresponding eNBs. Considering the non-ideal backhaul delay, the latter approach is preferred.
It should be noted that transmitting RLC STATUS PDU to corresponding eNB does not have the impact of the issues highlighted above:

· BSR: there is no resource waste (user data, not BSR) issue since it is clear to which eNB the RLC STATUS PDU is transmitted.
· PDCP reordering: this is not needed since RLC STATUS PDU is not delivered to PDCP layer.

· Interaction between protocol layers: as RLC STATUS PDU is generated in RLC layer and is transmitted to one eNB only, there is no issue either.

Note that there is still LCP problem as discussed in [4]. The only way to avoid LCP problem is to transmit both RLC STATUS PDU and RLC Data PDU to one eNB only.
In summary, it is proposed that

Proposal 1: RAN2 to agree that when bearer split is used in DL, corresponding UL bearer is not split, i.e. transmitted to one eNB only. RLC STATUS PDU are transmitted to corresponding eNBs.
Although it might be natural that UE only transmits UL packets to SeNB (pico cell), leaving it to RRC configuration might be more flexible.
In Figure 1 below, radio protocol structure in both DL and UL is shown, assuming bearer split is used and SeNB handles UL traffic.
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Figure 1: UL bearer protocol structure
3      Conclusion
In this contribution, we discuss whether to support UL bearer split and propose the following: 
Observation 1: UL bearer split cannot bring significant throughput enhancements.
Observation 2: PDCP reordering at MeNB is needed to support UL bearer split.
Observation 3: there are protocol layer interaction issues to support UL bearer split.
Proposal 1: RAN2 to agree that when bearer split is used in DL, corresponding UL bearer is not split, i.e. transmitted to one eNB only. RLC STATUS PDU are transmitted to corresponding eNBs.
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