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1 Introduction
This contribution discusses the handling of UL traffic of a DL split bearer, and analyzes major pros and cons of UL bearer split. Candidate solutions are studied on how to carry UL traffic to an eNB for a bearer with DL split.  
2 Discussion
2.1 UL UPT and Power Efficiency of UL DRB Split
One key motivation of UL DRB split is the potential gain on UL UPT. As an example, for a dual connectivity UE which is mainly served by the SeNB in the UL, if there are additional radio resources available in MeNB and UE has extra power to spare, UE may be scheduled to send some UL packets to MeNB to utilize the available radio resources and power. Since more packets can be transmitted to the network in one TTI now, UL UPT will be increased.
However, UE power consumption is another important performance metrics to operators and consumers. Since macro eNB and small cell eNB usually are equipped with different DL transmission power, a UE which may benefit from dual connectivity in the DL is very likely to suffer power imbalance in the UL, as illustrated through an example in Figure 1. 
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Figure 1 Power imbalance in HetNet
In Figure 1, we assume the transmission power of MeNB is 46dBm and that of SeNB is 30dBm. A UE which benefits most from dual connectivity on the DL is an SeNB UE which experiences similar RSRP from MeNB and SeNB. That means, there is about 16dB difference between the DL path loss from MeNB and that from SeNB, and the difference may be further increased if the UE moves towards SeNB. Due to the channel reciprocity, similar path loss difference can be expected for the UL as for the DL. Therefore, when transmitting a packet, UE needs to consume 16dB more power when transmitting to MeNB than to SeNB, in order to compensate the larger path-loss. The 16dB difference translates to several ten times of power consumption.
Observation 1: When a UE is in a location which is likely to reap the throughput gain from DL bearer splitting, it is not beneficial to apply UL bearer splitting accordingly to the same UE, because the UE needs to consume several ten times more power on transmitting UL data to MeNB than to SeNB.
Although higher UL UPT may be achieved by UL DRB split, it is at the cost of several ten times more power consumption and potentially higher UL interference to MeNB layer. Consequently, the transmission power efficiency per bit is decreased for the UE with UL bearer split. If UE transmits all UL packets to SeNB, UL UPT may be lower but the power saving is significant since the transmission power efficiency per bit can be improved a lot. 
Considering the trend that the UL traffic growth is not as rapid as DL traffic growth, we assume that better UE power efficiency is more critical than UL throughput improvement for R12.
Observation 2: UE power efficiency should be prioritized in R12.
2.2 Simulation Evaluation of UL DRB split
Some preliminary simulation results are provided in this section on the tradeoff between UL UPT and UE power efficiency of UL bearer split for a dual connectivity UE, which benefits from DL bearer split.
One Pico is dropped randomly in Macro cell, and one UE is dropped randomly in the Pico area according to [1]. The bandwidth of MeNB and SeNB is 10 MHz each, and UL traffic is modeled as full buffer. The UE sends UL packets toward both MeNB and SeNB, and the UE power allocation per PRB is calculated according to the power control formula in [2]. It is assumed that no UE power is reserved for PUCCH in the simulation.
The statistics of UL UE throughput per power unit is shown in Figures 1 and 2. The CDF in Figure 1 shows that the power efficiency of SeNB is better than that of MeNB for dual connectivity UEs. Figure 2 shows that the average UE throughput per power unit is significant larger in SeNB than in MeNB.
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	Figure 1 UE throughput CDF per Power Unit
	Figure 2 Avg. UE throughput per Power Unit


Based on the above observations and simulation results, we propose that:
Proposal 1: If Release 12’s schedule cannot accommodate the development of throughput enhancement for both DL and UL, DL throughput enhancement should be prioritized and UL throughput enhancement should be de-prioritized.
Proposal 2: Works on UL specifications should focus on guaranteeing DL performance and meeting the Release 12 timeline.

2.3 UL Traffic for DL Split Bearer 
As already pointed out in previous sections, when a UE is in a location which is likely to reap the throughput gain from DL bearer split, it is not beneficial to apply UL bearer split accordingly to the same UE. Therefore, further study is needed on the handling of UL traffic of a bearer which is split in the DL, including both UL data traffic and UL control traffic.
From the power consumption perspective, it is preferred to direct all UL data traffic to the eNB which suffers the smallest path loss from UE, e.g., SeNB.

Observation 3: All UL data traffic of a DL split bearer may be directed to the eNB which suffers the smallest path loss from UE.

Proposal 3: Semi-static traffic allocation can be configured on the handling of UL traffic of a DL split bearer, including directing all UL data traffic to the same eNB.
Besides the power consumption factor, the timely delivery of control traffic to the final destination eNB is also an important factor when studying the handling of control traffic. There are three possible options for directing UL control traffic.
Option 1: All UL control traffic is sent to the eNB which suffers the smallest path loss from UE, e.g., SeNB.

That is, all data and control traffic are directed to the same eNB. The UE transmission power consumed under Option 1 is minimal, at the cost of potential complexity associated with forwarding certain control PDUs to the final destination eNB when necessary.
Option 2: UL control traffic is sent to the corresponding eNB directly.
Although the power consumption under Option 2 may be higher, there is no need to forward control PDUs between eNBs thus reducing the complexity. As of the latency experienced by individual control PDUs, Option 2 may or may not outperform Option 1, depending on how soon a UL grant can be allocated by the corresponding eNB to UE for the transmission of pending control PDUs. 
Option 3: Certain UL control PDUs are required to be sent to the corresponding eNB directly, while other UL control PDUs may be configured to be sent to an eNB which is not the corresponding eNB.

For example, RLC status PDUs may be sent to the corresponding eNB, while other control PDUs such as MeNB’s MAC BSR may be allowed to be directed to SeNB if the UL grant from SeNB becomes available earlier than the UL grant from MeNB or if SeNB suffers smaller UL path loss than MeNB. This option allows some flexibility in the directing of UL control traffic, thus may achieve better tradeoff between power consumption, operation complexity, and latency performance.
Given the pros and cons of each option, RAN2 is kindly requested to evaluate these options in further details. It was agreed in RAN2 #84 that “RLC STATUS PDUs are transmitted to corresponding eNBs via the corresponding Uu interface”. Therefore, Option 2 and Option 3 are the two candidate choices for the handling of UL control traffic.
Proposal 4: RAN2 is kindly requested to further evaluate Option 2 and Option 3 for the handling of UL control traffic.

3 Conclusion
In this contribution, we investigated the tradeoff between UL throughput and UE power consumption efficiency for UL DRB split, and studied candidate options of handling UL traffic for a UE with DL split bearer. The following observations are made:
Observation 1: When a UE is in a location which is likely to reap the throughput gain from DL bearer splitting, it is not beneficial to apply UL bearer splitting accordingly to the same UE, because the UE needs to consume several ten times more power on transmitting UL data to MeNB than to SeNB.
Observation 2: UE power efficiency should be prioritized in R12.
Observation 3: All UL data traffic of a DL split bearer may be directed to the eNB which suffers the smallest path loss from UE.

Based on the observations and further analysis, we propose that:
Proposal 1: If Release 12’s schedule cannot accommodate the development of throughput enhancement for both DL and UL, DL throughput enhancement should be prioritized and UL throughput enhancement should be de-prioritized.
Proposal 2: Works on UL specifications should focus on guaranteeing DL performance and meeting the Release 12 timeline.
Proposal 3: Semi-static traffic allocation can be configured on the handling of UL traffic of a DL split bearer, including directing all UL data traffic to the same eNB.
Proposal 4: RAN2 is kindly requested to further evaluate Option 2 and Option 3 for the handling of UL control traffic.
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