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1 Introduction
Inter-node user plane aggregation has been discussed in previous meetings and included in the TR as one of the solutions that help addressing the challenges occurring in small cell scenarios [1], [2], [3].

At RAN2#82, the technology potential of inter-eNB user plane aggregation was compared to all deployments supported already today, such as co-channel pico node deployment with rel10 CA [4] . Cases were shown where inter-node user plane aggregation outperforms deployments supported today. These results assumed that both macro and pico eNBs operate on different frequencies in the 2GHz band. 

In this contribution we provide further results for ideal inter-eNB user plane aggregation in a scenario with inter-frequency pico node deployment, where the macro and pico eNBs operate in very distant frequency bands. As compared to the previous contribution [4], here we study impact of different file sizes using the ITU channel model as well as high carrier frequency for picos..
2 Discussion
In this document we provide and analyse simulation results of inter-eNB user plane aggregation (INUPA) in a network where the macro eNBs operate on 800MHz and the pico eNBs operate on 3.5GHz. As the intention is to study the technology potential of INUPA in this new scenario, we have assumed ideal backhaul in the simulations. The ITU channel model is used to compute the propagation conditions for each user at these different carrier frequencies. The considered scenario is similar to the one in [4]. Four hotspots of users are randomly placed in each macro cell. A pico eNB is located in each hotspot center. Users download a file of a given size S and disappear from the system after successful transmission. 
As a baseline scenario we consider that the users are served by a single cell. This is referred to as case 0. The cell selection is based on RSRQ. In a second scenario, we add the possibility of applying inter-eNB user plane aggregation between the macro and pico eNBs. This is referred to as case 1. 

Users are scheduled according to the Proportional Fair in Time and Frequency (PFTF) principles, preferably on the cell/carrier where they measure the highest RSRP. If the buffer of a user is large enough, it may be scheduled on the remaining available resources of the second carrier. 
2.1 Results with 2MB file download 
In this section we consider the case when the file that each user downloads has a size of S=2 MB. 
Figure 1 shows the 5th percentile user throughput with and without INUPA for different system loads. We observe that INUPA provides large throughput improvement especially at low to medium loads. These cell-edge users also benefit from having their schedulable number of resources doubled in the downlink.
In case of a 2 MB file download, TCP slowstart is the most limiting factor of the peak data rate of users. This is visible in Figure 2. The maximum peak rate for a 2MB file download over TCP is in fact almost already achieved with a single carrier. Therefore, by adding the possibility of using a second carrier for data transmission with INUPA, the peak data rate of users is only marginally increased, as shown in Figure 2. 
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	Figure 1
5th perc. user throughput versus system load
	Figure 2
95th perc. user throughput versus system load


Figure 3 shows that at low loads it is the pico-UEs who benefit the most of the possibility of using a second carrier with INUPA. Because of the hotspot type of traffic simulated and of the used RSRQ based cell selection, many UEs select a pico eNB as serving eNB. This may lead to two problems that limit the user throughput when INUPA is not applied. Firstly, the limited resources of the pico eNB must be shared among numerous UEs. Secondly, UEs at the edge of the pico cell coverage may suffer from the not favourable propagation conditions at a very high frequency (3.5GHz). When enabling INUPA, pico UEs may be scheduled on more radio resources, i.e. on both the pico and macro resources. They also benefit from the good quality of the macro resources at low system load. 

By contrast, macro UEs are fewer and use resources of very good quality at 800 MHz. Thus, they already experience very high throughput with a single carrier. By enabling INUPA, macro UEs only see a slight throughput improvement (Figure 3) because their data rate is limited by TCP slowstart for a 2 MB file download.

Figure 4 shows that the gain in pico user throughput with INUPA depends on the SINR difference on the primary and secondary carriers. As expected the gains are larger when the primary and secondary carriers have a similar SINR.
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Figure 3
Average gain of macro and pico users at low load
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Figure 4
Gain of pico users versus the carriers’ SINR difference at low load


2.2 Results with 8MB file download
In this section we consider that the file that each user downloads has a size of S=8MB. 

Figure 5 and Figure 6 show that higher gains are achieved in the user throughput with INUPA, especially for the 95th percentile user throughput, compared to the previous 2MB file scenario. With a larger file size, the TCP slowstart represents a smaller fraction of the overall file transmission time and limits less the user throughput. 
Consequently, INUPA becomes beneficial for macro users as well; as they can experience a larger peak rate with INUPA, see Figure 7. The throughput improvement for pico users is also better than in the previous 2 MB file size scenario, see Figure 8. Figure 7 and Figure 8 also show that the gains with INUPA are high when the SINR on the secondary carrier is close to the SINR on the primary carrier. Still cell center pico UEs are more likely to experience larger gains with INUPA than cell center macro UEs, because the macro coverage is available everywhere at 800 MHz, while the pico eNB’s signal quality drops quickly at 3.5 GHz due to the very high operating frequency. 
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Figure 5
5th perc. and average user throughput versus system load
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Figure 6
95th perc. user throughput versus system load
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	Figure 7
Gain of macro users versus the carriers’ SINR difference at low load
	Figure 8
Gain of pico users versus the carriers’ SINR difference at low load


3 Conclusion
In this contribution we have provided further simulation results for inter-node user plane aggregation. Based on the results we make the following observations:
Observation 1 Inter-eNB user plane aggregation provides user throughput improvement; especially in case of large file transmission.
Observation 2 UEs with similar signal quality on the primary and secondary carriers benefit the most from inter-node user plane aggregation.

And we propose following:
Proposal 1 The present results should be included in TR36.842.
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5 Annex 1: simulation assumptions

	Parameter
	Values used for evaluation

	Scenario
	ITU model, as given in 36.819 [6] 

	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
	Each carrier is 10 MHz wide

	Carrier frequency
	Carrier 1 at 800MHz and carrier 2 at 3.5 GHz 

	eNB Antenna model
	Macro:
3D antenna, as specified in 36.814 [5]
Pico:
Omnidirectional antenna, as specified in 36.814 [5]

	Network synchronization
	Synchronized

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

	UE distribution
	2/3 in hotspots (4 hotspots per macro cell)
No mobility modeled, user fast fading speed 3 km/h, UE antenna height 1.5 m

	Traffic model
	File download traffic over TCP, 2MB or 8MB file size
Each UE downloads a single file and disappears from the system.

	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 

	Transmit powers
	Macro: 46 dBm
Pico: 30 dBm

	Noise figure
	9 dB in UE, 5 dB in eNB

	DL EVM
	None

	Cell selection
	RSRQ based cell selection

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



	Receiver
	DL: Linear MMSE

	Scheduling
	PFTF

	Channel estimation
	Ideal for both demodulation and CSI



5/6


