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1. Introduction
  Heterogeneous network creates significant challenges in interference management due to the introduction of lower power nodes. The problem may become serious under the scenario of co-channel deployment. As good control channel performance is pre-condition for good data channel performance, how to deal with interference problem for control channel becomes an urgent task. In this contribution, we focus on uplink control channel and evaluate the performances related to PUCCH with no enhanced interference management in a co-channel Macro-Pico deployment scenario. The impact of PUCCH modeling on data channel is also evaluated.
2. Simulation Assumptions
In this contribution, we investigate and evaluate 3GPP case 1 scenario with configuration #1, #4a and #4b for a 10MHz co-channel Macro + Pico deployment [1]. The results are based on the full buffer traffic model and path loss model 2. Fast fading is enabled in our simulations for the relative performance comparison. More simulation assumptions are summarized in appendix A.
PUCCH consists of 6 formats among which format 1a has been evaluated in this contribution. 1Tx2Rx antenna configuration and MRC receiver are assumed for both eNB-UE and Pico-UE link in the uplink control signaling transmission, while 2Tx2Rx antenna configuration is assumed for all downlink data transmission. We reserve 4 PRBs at the edge of the system frequency band for PUCCH format 1a. Additionally, it is assumed that one PRB can support at most 3 PUCCH format 1a channels by Code Division Multiplexing (CDM). Considering the importance of power control technology in uplink transmission, we adopt open loop power control for the PUCCH transmission.
3. Performance Results
3.1 SINR performance under different RE bias values
In order to fully exploit the available resources of the Pico cells and reduce the competition for the limited resources of the macro cells, range expansion (RE) scheme, which can improve the data channel performance, has been widely discussed. Different from data channel, the most important target for control channel is reliability. With the increasing RE bias value, the downlink control channel interference becomes more and more serious and it’s difficult to ensure reliable transmission of data under a high RE bias value [3]. However, the situation about uplink control channel may be different, which can be seen from the following evaluation results with several RE bias values (3dB, 6dB, 10dB, 16dB and 25dB).
Figure 1 shows the SINR distributions for all the UEs under Configuration #1.
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Figure 1: SINR distribution related to All UEs under Configuration #1
We can see from Figure 1 that with RE bias value increasing from 0dB to 16dB, the SINR distribution shows better performance. However, when the bias value reaches 25dB, the trend stops.
The reason is analyzed here. In the open loop power control scheme we adopt, the settings of the UE transmit power follow the rule: 
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[2], where PL is the downlink pathloss calculated in the UE. Therefore, the larger the pathloss of the UE to its serving node, the larger the transmit power. 
Considering the situation without RE scheme at first, as the Macro eNB transmit power is 16 dBm higher than the Pico transmit power, it’s easier for a UE to access Macro as long as its pathloss to Macro is not more than 16 dB greater compared to the pathloss to Pico cell. As a result, many UEs will choose Macro as serving node, even though the pathloss to Pico is smaller. 
When RE scheme is used, with the increment of RE bias value, more and more Macro UEs become Pico UEs. It’s noted that the pathloss of these UEs to their serving nodes will be reduced as long as the RE bias doesn’t exceed 16dB. Then these UEs can use lower transmit power to satisfy the performance requirements, and the interference from them can be reduced. Naturally, RE scheme improves the PUCCH SINR performance. It is worth noting that a critical point, i.e. 16dB bias, exists for Configuration #1. For Configuration #4a and #4b, the situation may be different due to non-uniform UE distribution, and the corresponding simulation results are shown in Figure 2 in appendix B.
3.2 Outage performance under different RE bias values
The outage performance of PUCCH format 1a is evaluated for various RE bias values here. To ensure proper functionality of a network, the requirement BLER < 1% is necessary for PUCCH format 1a. The SINR threshold for 1% BLER on the channel is set -3.7dB [4].
Table 1 shows the outage (BLER >= 1%) ratio of the UEs for the 0dB, 3dB, 6dB, 10dB, 16dB and 25dB RE bias under Configuration #1, #4a and #4b respectively. From table 1, we can see that, the outage performance can be slightly improved with increasing RE bias value from 0dB to 16dB, and a turning point may exist between 16dB and 25dB.
Table 1 PUCCH format 1a outage ratio under Configuration #1, #4a, #4b
	RE bias values
	Configuration #1
	Configuration #4a
	Configuration #4b

	0 dB
	7.81%
	7.77%
	4.72%

	3 dB
	5.98%
	6.97%
	3.43%

	6 dB
	5.45%
	5.98%
	2.29%

	10 dB
	5.60%
	4.88%
	1.83%

	16 dB
	2.97%
	3.81%
	1.80%

	25 dB
	3.43%
	6.36%
	3.50%


3.3 Data channel performance with/without PUCCH modeling
On PUCCH format 1a channel, ACK/NACK is transmitted for the downlink data, and the control signaling errors, such as ACK→NACK and NACK→ACK, may arise in the transmission process. Undoubtedly, the errors will result in serious performance degradation of downlink data channel. We have modelled the mechanism to evaluate the impact of PUCCH on data channel, and the simulation results are shown in Table 2.
Table 2 Data channel throughput (bps/Hz) performance with/without PUCCH format 1a modelling under Configuration #1
	RE bias values
	Without PUCCH modelling
	With PUCCH modelling

	
	Mean(UE)
	5%(UE)
	Mean(UE)
	5%(UE)

	0 dB
	0.3355
	0.0323
	0.3027
	0.0239

	3 dB
	0.3273
	0.0379
	0.2962
	0.0274

	6 dB
	0.3162
	0.0461
	0.2885
	0.0277

	10 dB
	0.3026
	0.0403
	0.2768
	0.0244

	16 dB
	0.2667
	0.0148
	0.2363
	0.0048


From table 2, we would like to emphasize that data channel performance loss caused by control channel should be considered.
4. Conclusions

In this contribution, we have presented PUCCH evaluation results for a co-channel deployment with Macro eNB and outdoor Picos. Based on our simulation results, the following conclusions can be drawn:
· Different from downlink control channel, PUCCH is not susceptible of the co-channel deployment with Macro eNBs and outdoor Picos.
· Data channel performance loss caused by control channel should be considered.
· Further study on uplink power control for Het-Net is needed to improve the PUCCH performance.
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Appendix A: Simulation parameters
Table 3 System simulation parameters 

	Parameter
	Assumption

	Cellular layout
	3-sectorized Hexagonal grid with 7 cells wrap-around 

	System frequency
	2GHz carrier, 10 MHz bandwidth

	ISD
	500m (case 1)

	Total eNB Tx power 
	46dBm

	Total Pico Tx power 
	30dBm

	UE power class
	23dBm

	eNB antenna height
	32m

	Pico antenna height
	5m

	UE antenna height
	1.5m

	Pico distribution
	4 Picos/Macro

	UE distribution
	Configuration #1: 25 UEs/Macro

	
	Configuration #4a: 22 UEs/Macro, 2 UEs/Pico

	
	Configuration #4b: 10 UEs/Macro, 5 UEs/Pico

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional Fair

	eNB antenna gain plus cable loss
	14dBi

	Pico antenna gain plus connector loss
	5dBi

	UE antenna gain
	0dBi

	Thermal Noise Density
	-174 dBm/Hz

	Noise figure at eNB
	5dB

	Noise figure at Pico
	5dB

	Noise figure at UE
	9dB

	Downlink HARQ
	Maximum 4 times retransmissions
Chase combining HARQ

	CQI feedback delay
	5ms for per hop

	Number of eNB antenna
	2 Tx/Rx antenna 

	Number of Pico antenna
	2 Tx/Rx antenna 

	Number of UE antenna
	1 Tx antenna / 2 Rx antenna

	Antenna pattern (horizontal)
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	Antenna pattern (vertical)
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	Combining method in 3D antenna pattern
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	Uplink receiver type
	MRC

	Path-loss model
	Macro to UE
	Model 2:

PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R), R in km

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)

	
	Hotzone to UE
	Model 2:

PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R), R in km

Case1:Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Penetration loss
	20dB for both eNB to UE and Pico to UE

	Shadowing standard deviation
	Model 2:
8dB for eNB to UE

10dB for Pico to UE

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Shadowing Correlation distance
	50m

	Fast fading model
	eNB-UE
	ITU Uma

	
	Pico-UE
	See [5]

	Thermal Noise Density
	-174 dBm/Hz

	UE speeds of interest
	120 km/h

	Minimum distance between UE and regular node
	>= 35 meters

	Minimum distance between new node and regular node
	>=75m



	Minimum distance between UE and new node
	> 10m 


	Minimum distance among new nodes
	40 m

	Channel estimation error
	None

	L2S interface
	MI-ESM

	MCS
	29 levels 


Appendix B: SINR CDFs for PUCCH format 1a in Configuration #4a and #4b
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Figure 2: SINR distribution of All UEs in Configuration #4a (left) and #4b (right)
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