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1 Introduction
In addition to UPT results discussed in last meeting [1], this contribution provides more system throughput results observed at MAC layer.
2 Discussion
2.1 Scenario
In the SCE scenario, UE are divided into 2 types:

- Type 1: with only one connection to macro cell

Obviously, all the packets of the UE should be transmitted via macro cell.

- Type 2: with one connection to macro and another connection to pico cell

             The packets of this type of UE could be transmitted via both macro cell and pico cell. Subsequently, there are 3 types of transmission assignment:

· Type 2a: All the packets of the UE are transmitted via macro cell

Obviously, this alternative is not good because it could not utilize the pico cell adequately.

· Type 2b: All the packets of the UE are transmitted via pico cell

This alternative could make the best of the pico cell resources and the anchor eNB may be either macro or pico.  Figure 1 includes these two realizations:
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 Figure 1: all the packets via pico cell

                     In our simulation, we take macro cell as anchor.
· Type 2c: some packets are transmitted via macro cell and others via pico cell

The reasonable anchor for this alternative is the macro eNB, as illuminated in figure 2. This alternative could make use of the wireless resources of macro cell and pico cell dynamically, and improve the throughput of the UEs in the pico cell coverage, especially for the UEs at the edge of the pico cell. In this case, UE could receive data from multiple sites, so it is called multi-stream aggregation (MSA) at UE.

[image: image2.emf]
Figure 2: MSA (multiple stream aggregation)
2.2 Offload algorithm
In our simulation, all UEs have the same downlink traffic. The baseline is the left one in figure 1, and the offload case is in figure 2. Obviously, it is the Macro eNB that decides whether to offload the packet to pico eNB or not. Macro eNB makes the decision based on two factors: the buffered data amount in Macro cell and the RSRP between pico eNB and UE. 
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Figure 3: offload percentage decision
Figure 3 is the offload algorithm in our simulation. If the RSRP between UE and pico eNB is below -70dB, Macro eNB should always offload 70% of the data to pico eNB, if the RSRP is above -50dB, Macro eNB should always offload all the data to pico eNB. If RSRP is between -50dB and -70dB, macro cell makes the offloading decision based on the second factor – the buffered data in macro cell. If the buffered data in the macro cell is above the threshold of 50000 bytes, which means the macro cell is in heavy load relatively, it will offload all the packets to the pico cell, otherwise, offload ratio is linear as in figure 3.
2.3 Simulation result

The system throughput acquired from MAC layer is compared in table 1 between type2b and type2c: 
Table 1: Throughput comparison (unit: Bytes)

	
	Without offload
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	With offload

[image: image5.emf]
	enhancement

	All UEs in the pico coverage
	2,298,824,759
	2,344,103,563
	1.97%

	20% worst UEs in the pico coverage
	270,916,133
	300,605,610
	10.9%

	10% worst UEs in the pico coverage
	111,064,267
	124,975,841
	12.5%

	5 % worst UEs in the pico coverage
	44,337,974
	53,143,568
	19.8%

	5 % worst UEs in the macro coverage except the pico coverage
	14,836,229
	14,930,596
	0.64%

	All UEs (Pico coverage + Macro coverage)
	3,451,666,036
	3,450,668,732
	-0.03%


In the table1, we count the throughput of UEs in 3 dimensionalities: 

· UEs in the pico coverage
These UEs should always have gains from the offloading scheme because some data could be transmitted via macro cell, without any damage to the transmission in pico cell. This gains is especially high for the 5% worst UEs in the pico coverage because these UEs have poor air condition in the pico cell but relatively better channel condition in the macro cell.
· UEs in the macro coverage

These UEs could encounter some throughput decline when the offloading happens, because some radio resources are shared to the UEs in the pico. However, this sacrifice is undertaken by all the UEs in the whole macro cell coverage, especially by the UEs in the centre of macro cell. For the 5% worst UEs, their scheduling priority may even get slight improvement, if taking pico UEs in MSA into consideration happens to drag down the scheduling priority of center macro UEs more in the ranking of  proportional fair scheduling.
· All UEs

Take all the UEs in the pico and macro coverage as a whole, the total throughput has only declined marginally.
From the analysis above, we could see that the offloading scheme could improve the throughput a lot in the pico cell edge, and bring very little damage to the average throughput in the macro coverage, which means that radio resource could be focused on the pico cell edge dynamically to improve per UE throughput.
Observation: Multi-stream aggregation at UE improves the per UE throughput in the pico cell coverage.
3 Conclusion
Observation: Multi-stream aggregation at UE improves the per UE throughput in the pico cell coverage.
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5 Appendix A: Simulation Assumptions

Table 2: Simulation Settings

	Parameters
	Settings/Assumptions

	Simulation time
	10s

	Warmup time
	0.5s

	Carrier Frequency
	Macro cell: 2GHz
Small cell: 2.6GHz

	Carrier Bandwidth
	10MHz 

	Cell Layout
	57 cell hexagonal (19 NodeB, 3 sectors per eNode B with wrap-around)

4 small cells randomly placed per macro cell

	Inter-site distance
	500 m

	Deployment of small cells

	Minimum distance between macro cell and small cell: 75m

Minimum distance between small cell and small cell: 80m 

	Means bias
	0dB

	Number of UEs
	6 UEs randomly placed per macro cell coverage:

· 1/3 of UEs dropped within the macro cell coverage area
· 2/3 of UEs dropped within the small cell coverage area (without RE)

	Multipath delay profile
	Typical Urban

	traffic model
	Traffic 1: Burst
· File size distribution: Truncated Lognormal
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· Inter-burst time distribution: Exponential
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	Scheduling
	PF

Independent scheduling in macro cell and small cell

	Cell selection metric
(only with no dual-connectivity)
	RSRP 

	BLER target
	10%

	HARQ modeling
	Ideal chase combining with max 3 transmissions

	Path loss
	Macro cell: 140.7+36.7log10(R[km]), R in kilometres
Small cell: 128.1+37.6log10(R[km]), R in kilometres

	Antenna pattern
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3GPP ant (3D ant):                                                     

[image: image8.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q

                                                                              = 70 degrees,     Am = 20 dB
Small cell: 2D Antenna, omni-directional

	Maximum Tx Power of NodeB
	Macro cell: 43dBm
Small cell: 30 dBm

	Max BS Antenna Gain
	Macro cell: 14dB
Small cell: 5 dB
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