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1 Introduction
In the email discussion [81#32], majority of companies have indicated that UL/DL imbalance can be an issue [1]. Thus, this challenge was captured in the draft TR. 
In this contribution we discuss further this issue and present two challenges related to small cell deployments, namely power imbalance and load imbalance between eNBs, which are not solved by current mechanisms. It is also shown that dual connectivity can address these issues by splitting the uplink (UL) and downlink (DL) between different eNBs.
2 Offloading challenges 
2.1 Power imbalance
In heterogeneous networks, the eNBs have different DL output power, e.g., macro eNBs with high output power and pico eNBs with low output power. This imbalance in the transmission power combined with the conventional cell selection mechanism leads to two problems.
In LTE, Reference Signal Received Power-based (RSRP-based) cell selection is often used. In this scheme, UEs are associated with the cell from which the strongest DL power is received. As the macro eNB has higher output power than the pico eNB, UEs are more likely to connect to the macro cell. The pico cell size is thus relatively small compared to the macro cell size, which can result in low UE uptake and small macro offloading by the pico cell. In addition to that, with the RSRP-based cell selection scheme, some of the macro connected UEs experience a lower path loss to the pico eNB, and thus are not connected to the best cell from an UL perspective.

To increase offloading of the macro by the pico cells and to improve UL performance, there is a need to increase the size of the pico cells. This can be done with Cell Range Expansion (CRE) based cell selection, where a Cell Selection Offset (CSO) is added to the RSRP of the pico eNB before comparison. 

With CRE, a UE may be connected to a pico cell even though the received DL power from the macro cell is stronger. In case of inter-frequency deployment, a large CSO is conceivable for the DL but in case of intra-frequency deployment, applying a CSO introduces the additional challenge of strong DL interference.
2.1.1 Interference challenge in intra-frequency deployment

When the macro and pico layers are operated on the same frequency, pico UEs in the CRE region experience negative DL SINR due to strong DL interference caused by the macro cell.

So, from a DL perspective, the CSO must be chosen considering the trade-off between signal quality reduction for UEs in the CRE region and traffic offload improvement. It is often the case that a small to moderate value for the CSO is optimal for the DL, as seen also in section 4. By contrast, from an UL perspective, a large CSO results in a better UL signal quality and a larger traffic offload by the pico layer. So, there is a mismatch between the optimal CSO for DL and UL in intra-frequency deployments.

2.1.1.1 eICIC and FeICIC: system capacity challenge
To support large CSO values in the DL, time domain ICIC and advanced UE receiver are supported in LTE release 10 and release 11 respectively. The idea is to protect the DL signals for pico UEs in CRE region by applying almost blank subframes in the macro eNB and interference cancellation of CRS in the pico UEs. However, time domain ICIC has a negative impact on the capacity of the macro layer due to the reduction of schedulable subframes. So, these solutions have limitations to the supported CSO and there is thus a need for an alternative solution.
2.2 Load imbalance
Another issue related to UL/DL imbalance includes scenarios where the UL and DL are unevenly loaded in the macro and pico eNBs. 
The fewer UEs an eNB is serving the higher likelihood of an uneven load. It is expected that the number of UEs a pico eNB is serving is likely to be low and hence the UL and DL load is expected to be uneven often. In a scenario when a pico eNB is highly loaded in DL while unloaded in UL it is beneficial to offload a macro UE’s UL data to the pico eNB, while keeping the UE’s DL traffic in the macro. This would improve the user throughput for the individual UE, improving utilization of the network resources and free up UL resources in the macro. 
3 UL/DL split 

To increase offloading of the macro by the pico cells and to improve UL performance, an appropriate solution is to have dual connectivity to both eNBs and allow the UE to be connected in DL to the cell which offers the highest DL throughput, while being connected in the UL to the cell which offers the highest UL throughput, which is typically the cell to which the path loss is lowest. This is particularly beneficial for the case where the macro and pico layers operate on the same frequency, as the possible CSO is limited due to DL interference problems in the CRE region.
UL/DL split provides also the advantage to apply load balancing separately for UL and DL, achieving optimal cell capacity in UL and DL. The network has the possibility to shift more UL traffic to the pico cell if the macro eNB is loaded in the UL, while keeping DL traffic in the macro eNB. This is beneficial for both intra-frequency and inter-frequency deployments.
4 Simulation results on UL/DL split

As was discussed in section 2.1, in heterogeneous networks the DL cell border and the UL cell border are at different places and hence the cell boarder cannot be set to optimized both UL and DL simultaneously. UL/DL split provides a means to tackle this issue.

Below is a summary of a simulation for UL/DL split where the benefits on UL/DL split is compared to a reference case. In the reference case the CSO has been set such that DL performance is optimized, and the figures in the table show how much we gain if applying UL/DL split, i.e. by moving macro UEs’ UL to the pico. 
In the inter frequency scenario the cell edge UL user throughput gains are 31 % and 38 % for low and medium load respectively.  While for the intra frequency scenarios the cell edge UL user throughput gains are 205 % and 59 % in low and medium load, respectively. The gains come partially from offloading and partially from improvements in link quality.
	.
	Low load
90 Mbps/sqkm
	Medium load
400 Mbps/sqkm

	
	Gain in Mean UL 
User throughput
	Gain in Cell Edge UL
User throughput
	Gain in Mean UL 
User throughput
	Gain in Cell Edge UL
User throughput

	Inter freq.
2 x 10 MHz
	6%
	31%
	3%
	38%

	Intra freq.
2 x 10 MHz
	13%
	205%
	7%
	59%


Table 1
UL/DL split UL user throughput gains.
5 Architecture alternatives for UL/DL split
In UL/DL split, even though the UL traffic and DL traffic is routed via different eNBs, it is assumed that local scheduling and local HARQ-feedback as we assume relaxed requirements on the backhaul in this SI. 
Two architecture alternatives to achieve UL/DL split are foreseen, one with bearer split and one with separate bearers.
In the bearer split alternative, one bearer is split over the macro and the pico eNB, e.g. the UL part of the bearer is routed via the pico while the DL part of the bearer is routed via the macro. In this alternative it may not be required to have PDSCH from the pico and PUSCH to the macro. RLC-ACKs would then need to be routed via the backhaul. To route RLC-ACKs via the backhaul is not expected to be a problem as the load generated by the RLC-ACKs is low and RLC-ACKs are not very delay sensitive. The specification impact of this architecture alternative may be large as splitting a bearer in to UL and DL parts are currently not supported.
In the separate bearer alternative there are two bearers, one bearer to the macro and another bearer to the pico. In this alternative there will be PUSCH and PDSCH to both the macro and the pico and hence RLC-ACKs can be sent locally. The specification impact of this solution is likely smaller compared to the bearer-split alternative even though it may require separate PDCP and RLC entities. In Figure 1 it is illustrated how this architecture alternative could look like where UL/DL split is used to route UL traffic via the pico and DL traffic via the macro. The UE would send UL traffic on the PUSCH to the pico and receive DL traffic on the PDSCH from the macro, while as said, RLC-ACKs are sent locally, i.e. RLC-ACKs for DL traffic from the macro are sent on the PUSCH to the macro while RLC-ACKs for UL traffic to the pico are received on the PDSCH from the pico.
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Figure 1: Architecture alternative for UL/DL split.
6 Conclusions
In this contribution we have identified scenarios in which UL/DL split can be used to address issues which are not addressed by current mechanisms. Simulations have shown that UL/DL split brings large gains in cell edge UL user throughput. We therefore propose the following:
Proposal 1 Possibility of performing UL/DL separation should be considered as a requirement for dual connectivity in Release 12. 
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8 Appendix A: Simulation assumptions

	Parameter
	Values used for evaluation

	Scenario
	Modified Hetnet model. Based on 36.819. [3]

	Deployment
	7 3-sector macro sites with inter site distance 500 m (21 sectors), 4 picos per macro cell area, deployed in center of hotspots of 40 m radii, each pico forms a cell

	System and carrier bandwidth
	2x10 MHz frequency separated carriers or 1x20MHz available in all eNBs

	Carrier frequency
	Anchor carrier (macro layer) at 2 GHz and booster carrier (pico layer) at 3.5 GHz 

	eNB Antenna model
	Macro: 
Antenna gain 18 dBi, horizontal half-power beamwidth 65 deg, front-to-back ratio 25 dB, vertical half-power beamwidth 6.5 deg, sidelobe level 17 dB, maximum total attenuation 30 dB. Electrical down tilt 8 deg, antenna height 25 m
Pico: 
Antenna gain 2.15 dBi, front-to-back ratio 0 dB, vertical half-power beamwidth 80 deg
Antenna height 4 m

	Network synchronization
	Synchronized

	PCI planning
	Same CRS shift in all points, colliding CRS (“non-shifted CRS”)

	UE distribution
	2/3 in hotspots, 4/5 indoors
No mobility modeled, user fast fading speed 3 km/h, UE antenna height 1.5 m

	Traffic model
	File upload/download traffic, 100 kbytes filesize

	Antenna configurations
	Macro sector: 2 ±45°cross-polarized antennas 
Pico: 2 omni-directional ±45°cross-polarized antennas 
UE: 2 omni-directional ±45°cross-polarized antennas 

	Control channel overhead
	DL: 3 OFDM symbols for PDCCH/ePDCCH

1 OFDM symbol assumed for calculating energy consumption in empty cells

	Overhead total
	DL: 28.5%, UL: 14% (no PUCCH RBs)

	Transmit powers
	Macros 46 dBm, picos 30 dBm

	Noise figure
	9 dB in UE, 5 dB in eNB

	DL EVM
	None

	Cell selection
	1 dB uncertainty, RSRP based cell selection (modeling accounts for angle spread and port-to-antenna mapping)

	Transmission schemes
	DL: Spatial multiplexing, 2 layers, QPSK/16QAM/64QAM

UL: 1x2 SIMO, QPSK/16QAM

	Receiver
	DL: Linear MMSE (corresponding to “S-IRC”, no intercell IRC)
UL: IRC

	Scheduling
	Round robin

	CSI reporting
	5 ms between two consecutive reports, 6 ms delay

	CSI mode
	PUSCH 3-1 (CQI sub band, PMI wideband granularity)

	Channel estimation
	Ideal for both demodulation and CSI

	Link adaptation
	Ideal

	UL Power control
	Open loop only. Fractional pathloss compensation with SNR target for macro users 10 dB, alpha = 0.8

Best pico SNR target found by parameter scans:
For frequency separated layers 25 dB
For same frequency deployment 15 dB
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