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1. Introduction

In this contribution we present an updated set of baseline performance results for cases with macro cells and outdoor pico nodes for additional hotspot coverage in areas with dense UE populations. The simulated scenario is inline with corresponding HetNet scenario definition in 3GPP TR 36.814 [1]. We present both downlink and uplink performance results for such cases, assuming plain co-channel deployment in a 10 MHz system bandwidth without any explicit interference coordination. That is, all BTS nodes are transmitting with full power over the entire bandwidth if they have users connected.
As compared to the cases with close subscriber group (CSG) HeNBs, deployment of outdoor pico nodes for hotspot coverage offers additional benefits. Mainly due to the assumed open access for pico nodes, which basically results in:

· Higher offload potential from macro to pico nodes (as compared to cases with CSG nodes).
· Reduced probability of macro coverage hole due to introduction of small BTS nodes (note that macro coverage holes is a known problem for cases with CSG HeNB deployment, if assuming plain co-channel deployment – see e.g. the results in [2]). 

The rest of the contribution is organized as follows: In Section 2 we shortly outline the assumed macro+pico scenario and our basic assumptions in terms of serving cell selection, etc. Basic simulations are outline in Section 3, while the baseline performance results are summarized in Section 4. In Section 5 we further discuss and conclude on the presented results, and provide some pointers on the possible need for interference management in such cases. The latter is input to the new Rel-10 work item entitled “Enhanced ICIC for non-CA based deployments of heterogeneous networks for LTE” (see details in RP-100383). 
2. The macro + outdoor pico hotspot scenario
Here we consider a scenario with {1,2,4,10} pico NBs dropped on each macro cell area. The number of pico NBs remains constant over the whole simulation. There are 20 UEs dropped randomly and uniformly over the macro cell area and 40/NPicoNBs distributed around each pico NB, where NPicoNBs is the number of pico NBs per macro cell. Deployment example used in the scenario is depicted on  Fig. 1. 
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Fig. 1 Deployment scenario example

The UEs selects the serving NBs according to one of two schemes:

· RSRP-based: The UE connects to the NB from which it has the strongest received signal

· RSRP-based with 3dB offset: The UE artificially adds 3dB to the power level from pico NBs and then chooses the strongest one. 

It should be noted that regardless the UE has been dropped in the hotspot or randomly in the macro cell area the allocation scheme is the same for all users.

Note that unless it is stated otherwise RSRP-based serving cell selection solution is used as default. 

Uplink (UL) power control (PC) settings are set individually for each node type (see below). The values are set in a way to obtain similar overall performance results for UEs connected to macro and pico NBs (see Fig. 7). By changing the UL PC settings have strong influence the results for both macro and pico UEs.

In this study we investigate the performance of the cases described above, and compare the performance against pure macro based deployment cases (i.e. cases with no pico nodes). 

3. Simulation assumptions
The basic assumptions for our simulations are described in Annex A in [1]. The simulation details are as follows:

· Macro eNBs ISD = 500m.
· All nodes operates at the same 10MHz-wide band.
· All Pico NBs are assumed to be outdoor, assuming 30 dBm transmit power.
· There are 60 UEs per macro cell area dropped with Photspot = 2/3 (see Table A.2.1.1.2-5 in [1])

· UL power control parameters are set to achieve similar performance for UEs connected to Macro and Pico nodes

· For UEs connected to Macro NB: Po = -80dB, alpha = 0.9

· For UEs connected to Pico NB: Po = -68dB, alpha = 0.8

· Number of simulation drops: 100

· Round Robin scheduler (fair resource scheduler where the available PRBs are divided equally between the scheduled users).
Each UE connected to given node is assigned to NPRB/NUE PRBs, where NPRB is the number od PRBs assigned to given node, and NUE is the number of UEs connected to that NB.
4. Performance results
The density of pico node placement is an important factor impacting the results for DL and UL. In the Figures 2-5 a summary of the cell-edge user performance (5% CDF) and average user performance as a function of pico node deployment density are shown.
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Fig. 2 DL Cell edge UE performance - function of pico node count
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Fig. 3  DL Average UE performance - function of pico node count
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Fig. 4 UL Cell edge UE performance - function of pico node count
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Fig. 5 UL Average UE performance - function of pico node count


Looking at the cell edge user performance results in Fig. 2 and Fig. 4 we observe that for the case in question (ISD=500m), the achievable cell edge throughput saturates after introducing more than 4 pico nodes. This is due to increased interference level and SINR degradation that can be observed on Fig. 6 for DL. The average throughput increase which can be seen on Fig. 3 and Fig. 5 comes mainly from the off-loading effect and introduction of new resources – resources of pico nodes.
The gains of introducing pico nodes are summarized in Table 1. Please note that macro only deployment was used as reference (x1). The gain for cell edge UEs is best visible in case of uplink, as the introduction of the pico nodes decreases the maximum experienced path loss. This, together with proper UL PC setting, leads to better uplink resource utilization.Notice from Table 1 that gain in average user throughput approximately equals the number of pico Nodes per macro cell for both UL and DL. However, the gain in 5% outage user throughput is a bit lower. The 5% outage user throughput is to a large extent dominated by the cells having the highest number of UEs connected. In the presented baseline results here, the number of users connected per pico cell actually varies significantly from pico to pico, and thus there is expected to be room for improvement of the 5% outage user throughput by conduct further load balancing between cells.
Table 1 Pico node introduction gain
	
	Number of pico nodes per macro area

	
	1
	2
	4
	10

	DL
	5% throughput
	x 1,4
	x 1,5
	x 1,5
	x 1,6

	
	Avg. throughput
	x 1,7
	x 2,5
	x 4
	x 7,6

	UL
	5% throughput
	x 3,6
	x 4,1
	x 4,6
	x 4,7

	
	Avg. throughput
	x 4,9
	x 6,6
	x 8,3
	x 10,2


The SINR degradation that can be seen on Fig. 6 is the result of introduction of additional interferers (pico nodes). Especially the performance results for the DL SINR in Fig. 6 show significant decrease of the SINR from introducing many pico Nodes. As an example, the SINR at the 50% percentile decreases with approximately 5 dB from introducing 10 pico Nodes per macro cell. The latter gives a hint that there might be room for further downlink performance improvement by using interference management schemes (note that presented results are without any interference management). What can also be observed from Fig. 6 is the fact that the DL SINR is above -4 dB for all users, which essentially means that all users can decode the downlink control channels (which is not the case for macro+CSG HeNBs if using plain co-channel deployment [2]). For the UL SINR statistic presented in Fig. 7, we observe that SINR only varies marginally from introducing more pico nodes. The latter is a results of using UL PC for the terminals, i.e. as the users come closer to their serving cell, they transmit with less power, and therefore causes less other-cell interference. 
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Fig. 6 DL User SINR - function of pico node count
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Fig. 7 UL User SINR - function of pico node count


The main goal of power reduction or interference management schemes in case of pico nodes is to reduce the interference without significant change to the pico node serving area which accounts for the macro off-loading ratio. In order to provide further insight for the DL performance, Fig. 8 and Fig. 9 shows the geographical SINR footprint and serving cell map, respectively. 
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Fig. 8 SINR map example
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Fig. 9 Serving cell map example


Looking on the macro and pico serving area ratio on Fig. 9 we conclude that further performance improvements are possible, especially in case of partially loaded pico cells e.g. through extension of pico serving area. Please note that although introduction of additional offset (3dB) in cell selection function decreases the cell edge users SINR (as it can be seen on Fig. 10) the achievable throughput increases due to higher resource availability.     
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Fig. 10 SINR distribution - cell allocation based on RSRP and offset
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Fig. 11 User throughput (DL) - cell allocation based on RSRP and offset



Adding allocation offset (as described in chapter 2 of this contribution) aims to offload more users to pico NBs. Using such an allocation scheme has several impacts on UE traffic:

· The Ues that connect to pico NBs due to introducing offset can gain by having more resource blocks available, but on the other hand, the high interferences from the overlaying macro NB should be noticed.  

· Other macro UEs have more free resources available, other pico UEs have less

However it should be noted that offset-based allocation schemes can introduce higher outage in terms of user SINR, which can lead to problems with decoding control channels etc., thus a dynamic load balancing schemes are genrally recommended.
5. Discussions and Concluding remarks

The presented baseline results with pure co-channel deployment of macro and pico nodes show that such configurations can in principle work without any explicit interference management for the assumed scenario. At least the presented results show that there are no macro cell coverage holes created by the introduction of open access pico nodes, and UEs are able to correctly decode the downlink control channels. Secondly, an attractive throughput gain is observed for the data channels in both the uplink and downlink from introducing pico nodes. The gain in average user throughput approximately equals the number of pico nodes per macro cell (i.e. introducing N pico nodes results N times higher average user throughput). 
However, the presented results do indicate that the general interference level increase, and become a bit more chaotic, as more and more pico nodes are installed. The latter is especially observed for the DL. This means that the use of simple interference management schemes may provide additional benefits, and help ease the deployment of pico nodes without requiring strict prior network planning. Examples of such simple schemes could be dynamic adjust of pico cell Tx powers, use of serving cell selecting offset to better balance the number of users between cells, use of soft frequency reuse for data channels, etc. The latter is subject of coming contributions for scenarios with macro + pico nodes. Here especially the cases with relative high number of pico nodes per macro cell are of interest.
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