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1 Introduction

In RAN2 #84 meeting, for UL DRB splitting it was agreed that:

---RLC STATUS PDUs are transmitted to corresponding eNBs via the corresponding Uu interface.
However, due to limited time, the performance gain of UL bearer split and its impact to the UE were not fully discussed, and whether or not to support UL bearer splitting has not yet been decided.
In this contribution, we first run some simulation about the performance of UL bearer split, and the result shows that there is considerable UL throughput gain. Then we analyse the impact of UL bearer split to UE with regard to BSR, LCP, PHR.
2 Discussion 

2.1 Performance of UL DRB splitting
Figure 1 shows the 5%-ile and 50%-ile user throughput performance as a function of the offered load per macro cell area (the simulation assumptions can be found in Appendix). Throughputs of UEs under small cells with and w/o UL DRB splitting are compared. From the figure, we can see that both 5%-ile and 50%-ile user throughput performance with UL DRB splitting are significantly higher than w/o UL DRB splitting. 
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Figure 1 per user UL throughput with and w/o UL DRB splitting
Observation: UL DRB splitting shows significant gain in aspect of per user UL throughput.
2.2 Impact of UL DRB splitting
BSR
BSR is used for UE to report the amount of UL data that is available to transmission in RLC and PDCP. For dual connectivity, when there is no UL bearer splitting, it is quite clear which eNB the UL data of each PDCP/RLC entity will be sent to. But if UL bearer splitting is applied, it is unclear how UE will split the bear data between MeNB and SeNB and how to report the PDCP buffer. So, additional UE impact is foreseen. However, we think the impact is small if the splitting decision is made by eNB who knows the load and UL radio condition. In that case, the splitting ratio is dynamically configured by eNB to the UE. The UE follows the splitting ratio to split bearer data between MeNB and SeNB, and reports the corresponding part of PDCP buffer to MeNB and SeNB respectively. 
Logical channel prioritization (LCP)
It was agreed in last RAN2 meeting that RLC STATUS PDUs are transmitted to corresponding eNBs via the corresponding Uu interface. Therefore, for each DRB there may be two UL RLC entities, one for UL data, one for UL RLC status report. Therefore, eNB faces the problem of how to set priority, Prioritized Bit Rate (PBR), and Bucket Size Duration (BSD) of the two logical channels. When UL DRB splitting is applied, for each DRB there are also two UL RLC entities. Thus, the complexity of LCP is similar to the case without UL DRB splitting.
PHR
For dual connectivity, UE are connected to both MeNB and SeNB. The UL transmit power is divided between MeNB and SeNB for the corresponding UL transmission. Therefore, separate UL power control mechanism and possible coordination for MeNB and SeNB are necessary. When UL DRB splitting is applied, there seems no additional complexity for the UL power control.
From the above analysis, we can probably come to that the impact brought by UL DRB splitting is limited and therefore it may not introduce much complexity in both specifications and implementation. Therefore, we think the impact of UL DRB splitting to UE should not result in precluding this functionality.
Proposal 1: the impact of UL DRB splitting to UE should not justify precluding the functionality of UL DRB splitting in Rel-12
Based on the significant per user UL throughput gain and the limited impact of UL DRB splitting, we propose that:
Proposal 2: For dual connectivity, UL DRB splitting should be supported in Rel-12
3 Conclusions

This contribution simulates the throughput of UL DRB splitting, and has the following observation:

Observation: UL DRB splitting shows significant gain in aspect of per user UL throughput.
Based on the discussion, our proposals are provided as follows:
Proposal 1: the impact of UL DRB splitting to UE should not justify precluding the functionality of UL DRB splitting in Rel-12
Proposal 2: For dual connectivity, UL DRB splitting should be supported in Rel-12
Appendix: simulation assumptions
The detailed simulation assumptions are shown in Table 1:
Table 1: Simulation assumptions

	Parameters
	Settings/Assumptions

	Network layout
	1 macro site (3 macro cells)

4 small cells randomly placed in each of 3 macro cells

	Channel profile
	SCM channel model

	Inter-site distance  / cell radius
	Macro cell: 500 m (ISD);
Small cell: 40 m (Cell radius)

	Transmit power
	Macro eNB: 46 dBm 
Small cell: 30 dBm

	Bandwidth
	5MHz @ 2GHz and 3.5 GHz

	Operation Mode
	TDD1 for Macro and Small cell

	Antenna gain
	Macro: 14 dBi

Small cell: 5 dBi

	traffic model
	Fixed payload size of 1Mbits with fixed inter-arrival time per UE

Hotspot UE distribution

· 1/3 of UEs dropped within the macro cell coverage area,

· 2/3 of UEs dropped within the small cell coverage area (without RE)

	Packet scheduling
	Almost independent scheduling (proportional fair) at macro and small cell. Only information exchanged between macro and small cell is the past scheduled throughput per UE.

	Available MCSs
	QPSK (R = 1/5~3/5), 16QAM (R = 1/3 to 3/5), 64QAM (R = 2/5 to 9/10)

	BLER target
	10%

	HARQ modeling
	Ideal chase combining with max 4 transmissions

	Path loss
	Macro cell: 140.7+36.7log10(R[km])

Small cell: 128.1+37.6log10(R[km])

	Shadow fading
	Lognormal, std.=8 dB for macro cell

Lognormal, std.=10 dB for small cell

	Power control and UL flow control
	Based on channel quality and load
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