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1 Introduction

In this contribution, the performances related to DL control channels are evaluated under the scenario of co-channel deployment with MeNBs and outdoor Picos. The simulation results for different DL control channels associated with different RE (range expansion) bias values under different dropping configurations are addressed.   

2 System simulation assumptions

The system simulation assumptions are set according to the guidance with the 36.814[1]. All system simulations are based on the full buffer traffic model and 3GPP Case1 scenario [2]. Both configuration #1 and #4 for the outdoor Pico scenario are investigated in this contribution. The overall system simulation assumptions are summarized in the appendix A.   

3 Performance results and analyses for DL control channels
3.1 SINR distributions with the different RE bias values

Figure 1 shows the SINR distributions for all the UEs (including Macro UEs and Pico UEs) using RSRP cell selection with different RE bias values under configuration 1. The upper side and lower side of figure 1 show the SINR distributions of 4 Picos/MeNB and 10 Picos/MeNB, respectively. 
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Figure 1: SINR distribution related to different bias values, DL, configuration 1
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the SINR distribution (as shown by the brown line) without Pico (i.e. homogeneous network) nearly shows the best performance in the lower SINR region. With Picos but without RE, the SINR distribution (as shown by the green line) will be approximately identical to that of homogeneous network in the lower SINR region.
But, with the increment of RE bias value, the SINR distribution in the lower SINR region will be correspondingly deteriorated, especially for the case of 4 Picos/MeNB. The reason is that some UEs which were originally served by MeNBs may be served by the Picos with RE. For these UEs, 
· They will experience the lower transmit power from the pico nodes. 

· They will be subject to the strong interference from the MeNBs. 

· They will experience lower SINR with range expansion.

For example, without RE, a UE may be served by a MeNB, and it will suffer the interference from the Picos and other distant MeNBs. Due to the lower transmit power of Picos and the long distance related to those non-serving MeNBs, this UE may have an acceptable SINR. With RE, this UE may be served by a Pico. In this case, this UE not only experiences the lower transmit power of this Pico, but also suffers the strong interference from the original serving MeNB. That is, the original serving MeNB now becomes the strong interferer for this UE. Thus, the SINR of this UE may be deteriorated due to the RE, and it can be shown by the dashed red line in the following figure 2.
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Figure 2: SINR distribution related to MUEs and Pico UEs, DL, configuration 1

With increasing the RE bias value, more UEs which are far from the Picos may be served by the Picos. So, these UEs will endure very lower transmit power from the Picos, and the SINR distribution related to the largest RE bias value will manifest the worst performance.  
For 10 Picos configuration, the higher SINR region is improved by adopting 25dB RE bias value. The reason is that almost no UEs camping on the MeNB in many cases, thus no much interference arising from the MeNB. 

3.2 The ratio of unworkable UEs for different DL control channels

Taking the similar simulation methodology described in [3], the performance related to PCFICH, PHICH and PDCCH (DCI format 0, aggregation level 8) has been evaluated. Besides, all the links use the 2Tx2Rx configuration. On account of a BLER for the above DL control channels less than 1%, the thresholds for the DL control channels are listed in table 1.  
Table 1: The thresholds for 1% BLER on different DL control channels

	
	PCFICH
	PHICH
	PDCCH

	The minimum SINR for 1% BLER
	-6dB
	-1 dB
	-4 dB


To associate the thresholds of 1% BLER for DL control channels with the SINR distributions showed in the figure 1, the ratio of unworkable UEs for different DL control channels and RE bias values is given in the figure 3. Here, the ratio of unworkable UEs related to a specific control channel means that the proportion of SINR can not be larger than the threshold of 1% BLER for this control channel. From the figure 3, the ratio of unworkable UEs for different DL control channels will be correspondingly increased along with the increment of RE bias value. Especially, with 25dB RE bias value, the ratio of unworkable UEs will be remarkably increased compared to that of homogeneous or 0dB RE bias value scenarios.     
Besides, there has a bump showed on the lower side of figure 3. The reason is that there is possible no interference arising from those MeNBs without camping UEs.                        
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Figure 3: The ratio of unworkable UEs for different DL control channels, configuration 1

The trend of SINR distributions and the ratio of unworkable UEs for different DL control channels with the different RE bias values related to configuration 4 are the similar to that described in section 3.1. Therefore, it is unnecessary to go into details here. The simulation results for different DL control channels related to configuration 4 are shown in the appendix B.

Observation 1: The ratio of unworkable UEs for different DL control channels with outdoor Pico but without RE will be approximately identical to that with homogeneous MeNB deployment.

Observation 2: The ratio of unworkable UEs for different DL control channels with outdoor Pico will be correspondingly increased along with the increment of RE bias value. 
4 Conclusions

In this contribution, we present the preliminary evaluation results of DL control channel with the deployment of outdoor Picos and MeNBs. With the aid of system simulation, the following observations can be drawn: 

Observation 1: The ratio of unworkable UEs for different DL control channels with outdoor Pico but without RE will be approximately identical to that with homogeneous MeNB deployment.

Observation 2: The ratio of unworkable UEs for different DL control channels with outdoor Pico will be correspondingly increased along with the increment of RE bias value.
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Appendix A. System simulation assumptions
Table A1: System simulation assumptions 

	Parameter
	Assumption

	Scenario
	Case 1, 2GHz carrier frequency, 500m ISD, 10MHz BW, speed 3km/h

	Cellular layout
	Hexagonal grid, 19sites, 3 Macro cells per site, wrap‑around

	Pico layout
	4/10 Picos per Macro cell

	UE distribution
	Configuration1
	25 UEs /Macro cell

	
	Configuration4
	(60-4*N) UEs/Macro cell, 4UEs/Pico; N Picos/Macro cell; N=4 or 10

	Range expansion offset
	0/3/6/9/25 dB

	Mini distance among Picos 
	40m

	Mini distance between Pico and macro
	75m

	Total eNB TX power (Ptotal)
	46dBm

	Total relay TX power
	30dBm

	BS antenna gain plus cable loss
	14 dBi

	Pico antenna gain plus connector loss
	5dBi  

	UE antenna gain
	0 dBi

	Distance-dependent path loss for macro to UE
	Model 2

	Distance-dependent path loss for Pico to UE
	Model 2

	Penetration Loss  
	20dB 

	Number of antenna elements 
	2×2

	Polarization
	No

	Traffic model
	Full buffer

	Scheduler
	PF


Appendix B. SINR distributions and the ratio of unworkable UEs for DL control channels, configuration 4
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Figure B-1: SINR distribution related to different bias values, DL, configuration 4
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Figure B-2: The ratio of unworkable UEs for different DL control channels, configuration 4












































































































































































































































































