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1
Introduction
The WI agreed for dual connectivity [RP-132069] covers both U-plane architectures 1A (for no bearer split) and 3C (for bearer split). While with 1A (no bearer split) the bearer configuration in uplink (UL) seems to be quite straightforward (i.e. UL data from a radio bearer configured to one eNB is only scheduled on the carrier transmitted towards the corresponding eNB), it is still open whether restrictions should be applied in UL for the case with bearer split (3C). This contribution discusses possible restrictions to UL bearer split option (3C) and proposes a way forward.
2
Discussion
In RAN2 #84 it was agreed that [R2-140002]:
-
RLC STATUS PDUs are transmitted to corresponding eNBs via the corresponding Uu interface.

-
FFS whether UL data is transmitted to one eNB only or maybe split across eNBs.

Hence, for a bi-directional radio bearer configured with bearer split in downlink (DL), the following possibilities exist for the UL:
1. Only RLC status PDUs can be transmitted via both MAC entities (depending on the RLC entity they are directed to).
Cons: No UL CA gains, with peak data rate and user experience impact.
2. UL bearer split, i.e. all U-plane data can be transmitted via both MAC entities
Pros: UL CA gains can be achieved (see Figure 1 and simulation assumptions in Appendix A). Note that the peak data rate equivalent to the sum of the UL Tx rates on both links can be achieved in this case, providing better user experience. 
Cons: Requires some interactions involving LCP and BSR of the different MAC entities [R2-140045] and the ability for PDCP to route packets towards two RLC entities for the same radio bearer. However, the latter only seems to require that there is one shared transmit queue of PDCP PDUs = RLC SDUs, with the two different RLC transmitting entities claiming SDUs as they are appointed UL grants from the two eNBs. So it seems that no big routing logic is needed in the UE. BSR handling also does not introduce significant complexity and can be realized in a simple manner, as discussed in [R2-140043] and [R2-140408].
In addition to the pros and cons for the two alternatives above, it should be further observed that:
· Terminals anyway need to support dual transmission in UL to transmit PUCCH towards both eNBs;
· PUSCH transmission towards both MeNB and SeNB anyway needs to be supported for both U-plane options 1A and 3C;
· Most of the cost/complexity for the terminal comes from supporting dual transmission in UL and this is something common for both U-plane options 3C and 1A.
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Figure 1: Uplink user throughputs with and w/o bearer split in uplink

In light of the observations above, it can be seen that specifying bearer split in uplink does not increase complexity since the alternatives require additional mechanisms.

Observation 1: specifying bearer split in uplink is not more complex than supporting an asymmetric allocation.

So we propose that as a working assumption no restriction should be imposed to the support of bearer split (i.e. U-plane option 3C) in UL.
Proposal 1: Rel-12 specifications should support bearer split in DL as well as in UL.

However, because the situations where a UE benefits from bearer split can be quite different in DL and UL depending on the load as well as the radio conditions (i.e. from a user throughput perspective it sometime can be beneficial to use bearer split in DL while UL transmission should mainly be happening towards one eNB.), it could still be beneficial to allow the network to configure the UE to apply some of the restrictions described in either option 1 or 2. For instance a UE with bearer split in DL could be configured to only transmit UL U-plane data from the corresponding bearer (other than RLC status PDUs) via one MAC entity. 
Proposal 2: whether some restrictions (e.g. UE only sends U-plane data other than RLC status PDUs via one MAC entity only) could be configurable is FFS.
3

Conclusion
This contribution has analyzed bearer split in uplink and observed the following:

Observation 1: specifying bearer split in uplink is not more complex than supporting an asymmetric allocation.

From there, it proposed that:

Proposal 1: Rel-12 specifications should support bearer split in DL as well as UL.

Proposal 2: whether some restrictions (e.g. UE only sends U-plane data other than RLC status PDUs via one MAC entity only) could be configurable is FFS.
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Appendix: Simulation assumptions

The performance of uplink bearer split is evaluated in a quasi-static uplink multi-cell system-level simulator that follows the LTE specifications, including detailed modeling of major radio resource management functionalities such as packet scheduling, hybrid ARQ, link adaptation, power control, etc. A network layout (4b) defined by 3GPP for evaluating HetNet scenarios in TR 36.814 is simulated. The network topology consists of 7 hexagonal macro cells with 3 sectors per site. Four small cells are randomly placed according to a spatial uniform point process for each macro sector area, subject to minimum distance constraints between different base station nodes. The minimum distance between small cells is 40m, while the minimum distance between macro and small cell is 75m. Spatial Channel Model (SCM) and 3D antenna pattern with default tilt of 15 degrees are used. Two component carriers (CCs) each with 10 MHz bandwidth are configured. One CC at 1.8 GHz carrier frequency is allocated to macro eNBs while the other CC at 2.6 GHz carrier frequency is allocated to small cells. All UEs are assumed to have two separate transceivers and UL CA capabilities. A dynamic birth-death traffic process is applied for generating user calls. UE call arrival is according to the Poisson process with fixed payload size of 1 Mbits per call. Hotspot UE dropping is assumed, where 2/3 of the UEs are placed uniformly within 40 m radius of small cells while the remaining UEs are placed uniformly over the entire simulation area. Once a UE has successfully transmitted the payload, the call is terminated and the UE is removed from the simulation. The average offered load per macro cell area is therefore calculated as the product of the call arrival rate and the payload size. Channel-aware joint proportional fair (PF) scheduling in frequency domain [2] is used in conjunction with adaptive transmission bandwidth [1]. Bandwidth and power allocations are performed independently at macro and small cell layers (i.e. no fast interaction between UL schedulers is assumed). Only information on the past average scheduled throughput is exchanged between the schedulers. Also, independent load adaptive power control in each cell is enabled to dynamically update the UE power spectral density P0 based on the variable load conditions. Table 1 summarizes the main parameters used in the system-level simulations. The key performance indicators are the 5%-ile and 50%-ile user throughput. In scenarios w/o uplink bearer split, only the performance with optimal RE offset that maximizes the 5%-ile user throughput for each offered load is plotted
Table 1: Simulation assumptions
	Parameter
	
	Setting

	Network layout
	
	7 macro sites (21 macro cells), wrap-around
4 small cells randomly placed in each macro cell 

	Traffic model
	
	Poisson arrival with hotspot UE distribution 

Fixed payload size of 1 Mbit per UE

	Channel profile
	
	SCM channel model with 3D antenna pattern

	Inter-site distance / cell radius
	
	Macro cell: 500 m / small cell: 40 

	BS transmit power
	
	Macro eNB: 46 dBm / small cell eNB: 30 dBm

	Carrier frequency
	
	10 MHz @ 1.8 GHz (macro layer) & 10 MHz @ 1.8 GHz (small cell layer)

	eNB receiver
	
	2-Rx MRC

	UE Tx bandwidth
	
	Adaptive transmission bandwidth [1]

	Packet scheduling 
	
	Throughput based joint proportional fair [2]

	Cell association scheme
	
	RSRQ (assuming full load in DL)

	Available MCSs
	
	BPSK (R=1/5,1/3)
QPSK(R=1/4,1/3,1/2,2/3,3/4)

16QAM (R=1/2,2/3,3/4,5/6)

	Max UE Tx power
	
	200 mW (23 dBm)

	HARQ
	
	Synchronous and adaptive with max 4 transmissions

	BLER target at first trans.
	
	20%

	Link adaptation
	
	Fast adaptive modulation and coding

	Power control
	P0
	
	Load adaptive [3]

	
	
	
	0.8


