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1 Introduction

At RAN2#81, challenges in small cell scenarios were discussed and listed in the TR of the study item. One of the identified challenges relate to the fact that currently it is not possible to allocate radio resources from multiple eNBs for a single UE. Thus, the highest peak rates and QoS may not be obtained. One possible solution is to apply user plane aggregation between different eNBs, as discussed in [1] and [2] . However, the technology potential of inter-node user plane aggregation as compared to all deployments supported already today, such as co-channel pico node deployment with rel10 CA, has not yet been shown. In this contribution we provide results for ideal inter-eNB user plane aggregation in a scenario with inter-frequency pico node deployment. We further compare the performance of ideal inter-eNB user plane aggregation with existing functionalities.
2 Discussion

In this document we provide and analyse simulation results comparing different approaches for increasing system capacity and per-user throughput. In all scenarios the traffic and user distribution are same. Two third of the users are clustered in hotspots. There are 4 hotspots randomly placed per macro cell.
As a baseline (Section 2.1.1) we consider a deployment of macro eNBs that each provides 3 cells on a 10 MHz wide carrier in the 2 GHz band. We refer to this scenario as “macro only” in the legend of figures.
In a second scenario (Section 2.1.1) we place four pico nodes in each macro sector in order to improve the system capacity and throughput in hotspot areas. Each pico node is located exactly in the center of a hotspot. The pico nodes operate in a separate frequency, 2.6GHz. We further refer to this scenario as “sepdep” in the legend of figures.
To make a comparison, we consider a third scenario in Section 2.1.2, where the macro eNBs and the pico eNBs are equipped with two carriers (2 GHz + 2.6 GHz). We assume that the macro and pico eNBs apply Rel-10 carrier aggregation to aggregate both carriers. We further refer to this scenario as “co-channel dep, rel10 CA” in the legend of figures.
These three configurations can be supported with existing Rel-11 (or earlier) functionality. In the scope of the Small Cell Enhancement Higher Layer study it is being discussed whether inter-node user plane aggregation could be beneficial. To assess this, we consider a fourth scenario which is based on a separate pico node deployment as in Scenario 2, to which we add the possibility of applying inter-eNB user plane aggregation (INUPA) between the macro and pico eNBs. We then compare the performance of ideal inter-eNB user plane aggregation with the three scenarios described previously in Section 2.2. We further refer to the fourth scenario as “INUPA” in the legend of figures.
Figure 1 summarizes the four considered scenarios. The simulation assumptions are listed in Annex 1, see Section 5.
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Scenario 1: only macro cells deployed on carrier f1
	[image: image2.emf]f1

f2

f2

f2

f2


Scenario 2: heterogeneous deployment with pico eNBs operating on a separate carrier, carrier f2
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Scenario 3: heterogeneous co-channel pico node deployment with carrier aggregation at macro and pico eNBs
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Scenario 4: heterogeneous inter-frequency pico node deployment with user plane aggregation between macro and pico eNBs


Figure 1
Four considered scenarios

2.1 Legacy Solutions

This section covers deployment scenarios that can be realized with functionality that was standardized up to and including Rel-11. As we assume non-ideal backhaul, Remote Radio Heads (RRUs) are not considered here.
2.1.1 Macro only versus Inter-frequency pico cell deployment

We first compare Scenario 1 and Scenario 2 to determine the benefits of deploying many pico eNBs in the network on a separate carrier. In Scenario 2, a RSRQ cell selection is applied. Figure 3 shows that pico nodes can offload traffic from the macro cells, since the resource utilization of the macro cells reduces substantially compared to the macro-only network. Consequently, a large improvement of the per-user throughput is observable. At high load the traffic offload to the pico cells enables to increase system capacity. 
Observation 1 Inter-frequency deployment of numerous pico nodes enables to offload traffic from the macro cells and thus provides a large per-user throughput and system capacity benefit over a macro only deployment.
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	Figure 2
Average user throughput versus system load 
	Figure 3
Average resource utilization of cells on carrier 1


2.1.2 Inter-band carrier aggregation within macro and pico nodes

In this subsection we assume the same heterogeneous deployment as in the previous subsection. But instead of operating pico cells only on 2.6 GHz and macro cells only on 2GHz, we assume here that all nodes support both carriers. Furthermore, they are assumed to offer (intra-node, Rel-10) carrier aggregation (CA). Since all nodes operate on all carriers, a RSRP cell selection with a 6dB CSO is applied.
As one might expect, this co-channel deployment + Rel-10 CA offers better performance and system capacity as the two previous configurations including the inter-frequency pico node deployment, see Figure 4. 
There is a point at very high load, where the performance of the inter-frequency pico node deployment is slightly better than the co-channel deployment + Rel-10 CA. This comes from the very good pico user performance in the interference-free carrier 2 that boosts the overall system performance in that case, see Figure 5. By contrast, the macro user performance is very poor at this load in this scenario (due to very high resource utilization ~80% on the first carrier). 
Scenario 3 with co-channel deployment + Rel-10 CA achieves a more balanced performance between macro and pico users, see Figure 5. The macro users are better because the possibility of using the second carrier with Rel-10 CA reduces the resource utilization on carrier 1. The pico users have a reduced performance because carrier 2 is not interference-free anymore. 

Observation 2 Inter-band carrier aggregation within macro and pico nodes provides a balanced macro and pico user throughput compared to inter-frequency pico node deployment.
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	Figure 4
Average user throughput versus system load 
	Figure 5
User throughput CDF at high traffic load for macro and pico users separately


2.2 Inter-node user plane aggregation

In this section we analyse the technology potential of inter-frequency user plane aggregation between macro and pico nodes. As the intention is to study technology potential, in the simulations we have assumed ideal backhaul, i.e., we deploy remote radio heads at the position of the pico nodes. 
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. 

Figure 6 shows that at medium to high load, inter-frequency pico node deployment with ideal Inter-Node User Plane Aggregation (INUPA) performs better than co-channel deployment of pico nodes with Rel-10 CA. 
A detailed analysis of the user throughput per user type enables to understand this result. 

·  Figure 8 shows that the pico UEs have a similar SINR on carrier 1 in both cases: separate deployment + INUPA and co-channel deployment + Rel-10 CA. In both cases, the level of interference is high on carrier 1 due to macro eNB’s transmissions. The major difference is observed for carrier 2 in Figure 9. Pico UEs have a much larger SINR on carrier 2 because it is free of macro eNB’s interference. This results in a much larger pico user throughput in the separate deployment case than in the co-channel deployment case, as shown in Figure 7.
· The macro UEs throughput is maintained at a similar level in both scenarios, see Figure 7. Macro UEs have actually a lower SINR on carrier 2 with separate deployment + INUPA, see Figure 9. This is because the transmission is performed by a pico node on carrier 2, and not the best RSRP node which is the macro node. But this SINR reduction is compensated by the many more available resources at carrier 2 of the pico nodes as shown in Figure 11.
Observation 3 In the considered scenario (low ISD, ideal pico node placement in traffic hotspots), inter-node user plane aggregation performs better than intra-node carrier aggregation within macro and pico eNBs at high load, mainly due to the much lower interference level experienced by pico UEs in the frequency separated pico carrier. 
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	Figure 6
Average user throughput versus system load
	Figure 7
User throughput CDF at high traffic load for macro and pico users separately
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	Figure 8
PDSCH SINR on carrier 1
	Figure 9
PDSCH SINR on carrier 2
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	Figure 10
Average resource utilization of cells on carrier 1
	Figure 11
Average resource utilization of cells on carrier 2


2.3 Summary of simulation results

Simulation results show that there are scenarios in which inter-eNB user plane aggregation can be beneficial compared to scenarios possible with existing functionalities. The present results are obtained with an ideal inter-eNB user plane aggregation, where protocol impact of the increased backhaul delay was not considered. The gains of inter-eNB user plane aggregation for a realistic scenario with backhaul delay and limited backhaul capacity are still to be evaluated. 

Proposal 1 The present results should be included in TR36.842 [4] in the form of the text proposal given in Annex 2.

Proposal 2 The gains achievable with a realistic realization of inter-node user plane aggregation, considering backhaul delay, limited backhaul capacity and protocol impact, should be evaluated and compared with existing functionalities 
3 Conclusion

Results shown in this contribution indicate that there are scenarios in which inter-eNB user plane aggregation can be beneficial compared to deployments supported today. In section 2 we made the following observations:
Observation 4 Inter-frequency deployment of numerous pico nodes enables to offload traffic from the macro cells and thus provides a large per-user throughput and system capacity benefit over a macro only deployment.
Observation 5 Inter-band carrier aggregation within macro and pico nodes provides a balanced macro and pico user throughput compared to inter-frequency pico node deployment.

Observation 6  In the considered scenario (low ISD, ideal pico node placement in traffic hotspots), inter-node user plane aggregation performs better than inter-band carrier aggregation within macro and pico eNBs at high load, mainly due to the much lower interference level experienced by pico UEs in the frequency separated pico carrier. 

Based on the discussion in section 2 we propose the following:
Proposal 3 The present results should be included in TR36.842 [4] in the form of the text proposal given in Annex 2.
Proposal 4 The gains achievable with a realistic realization of inter-node user plane aggregation, considering backhaul delay, limited backhaul capacity and protocol impact, should be evaluated and compared with existing functionalities.
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5 Annex 1: simulation assumptions

	Parameter
	Values used for evaluation

	Scenario
	3GPP model 1, as specified in 36.814 [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
	Each carrier is 10 MHz wide

	Carrier frequency
	Carrier 1 at 2 GHz and carrier 2 at 2.6 GHz 

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

	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 file size
Each UE downloads a single file of 2MB 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
	Co-channel deployment: RSRP based cell selection + 6dB cell selection offset
Inter-frequency deployment: RSRQ 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


6 Annex 2: Text proposal for TR 36.842
The benefits in terms of per-user throughput at different system load levels have been evaluated in R2-131666 for deployment with 4 pico nodes per macro cell. The pico nodes were placed at traffic hot spots and the inter-site distance between macro nodes was 500m. In a first scenario all pico and macro eNBs supported all carrier frequencies and were able to perform intra-node CA across those carriers (Rel-10). This scenario is denoted as “co-channel, CA” in the figures below. In a second deployment, pico cells and macro cells were deployed on different carrier frequencies and UEs were able to receive data from a pico cell and a macro cell simultaneously using inter-node user plane aggregation (INUPA). INUPA was ideally realized in an inter-eNB CA fashion. This scenario is denoted as “sepdep, INUPA” in the figures below.

From Figure 1 it can be observed that for high system load the second deployment resulted in better per user throughput. This can be explained by the lack of strong interference from macro cells on the pico carrier as shown in Figure 2. Lack of interference significantly increases the throughput of pico UEs and the effective coverage area of the pico cells. The possibility to serve UEs by two carriers increases the throughput compared to a traditional heterogeneous network deployment without inter-node aggregation. 
	[image: image15.emf]0 0.5 1 1.5 2 2.5

x 10

4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

User throughput [kbit/s]

Cumulative distribution function

User throughput CDF at 25Mbit/s macro cell area throughput

 

 

sepdep, INUPA - macro UEs

sepdep, INUPA - pico UEs

co-channel, CA - macro UEs

co-channel, CA - pico UEs


	[image: image16.emf]-20 -10 0 10 20 30 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SINR (dB)

CDF

SINR CDF at 25Mbps macro cell area throughput

 

 

sepdep, INUPA - macro UEs

sepdep, INUPA - pico UEs

co-channel, CA - macro UEs

co-channel, CA - pico UEs



	Figure 1
User throughput CDF at high traffic load for macro and pico users separately
	Figure 2
PDSCH SINR on carrier f2
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