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1. Introduction 
In co-channel scenarios, two main uplink interference issues could limit the performance of HetNet deployments [1],[2],[3]. One is macro UE uplink interference to LPN and the other is LPN UE uplink interference to macro cell. Some simulation results based on the agreed system simulation assumptions were given in [2] and [3]. In this paper, we provide further results and analysis of the uplink interference impact for the full buffer traffic model.
2. Discussion

2.1 System simulation results for random deployment
We have performed system simulations for uplink full buffer traffic. Table 1 lists the main parameters. The UE selects the serving cell based on CPICH Ec/N0.

Table 1 Parameters for UL interference issues
	Parameters
	Values and comments

	Number of UEs per Macro Cell
	8 UEs 

	The deployment of LPNs
	Co-channel with Macro cells

	Maximum Tx Power of LPNs
	37dBm，30dBm

	Number of LPNs in a Macro cell
	1,2,4

	Dropping criteria for LPNs
	Randomly and uniformly distributed within a macro cell

	Dropping criteria for UEs
	Randomly

	CIO
	3dB 

	Target RoT for both macro and LPN
	6dB

	Noise Figure of the Node B
	5 dB
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Figure 1 UE throughput gain in random deployment
In Figure 1, the Y-axis indicates the relative gain over the baseline of UE average throughput, median throughput and edge throughput. The baseline is the throughput when no LPN is placed in the macro area. The median throughput is the 50%-tile point of the UE throughput CDF and the cell edge throughput is the 5%-tile point of the UE throughput CDF. 

From Figure 1, we observe that with the increase of LPN number within the macro area, throughput increases especially the average throughput. This is because adding LPNs in the macro cell gives offloading gain, but it also introduces more interference which will have a significant impact on the cell edge UEs. Also, performance is better if the LPN has higher power.
Table 2 summarizes the throughput results and offloading percentage for 30dBm and 37dBm. We can conclude that with the number of LPNs increase, the UE offloading percentage is increased. And larger LPN transmit power allows a larger offloading percentage.
Table 2 Simulation results for UE random dropping
	LPN Power
	LPN Num
	CIO
(dB)
	Noise Figure difference (dB)
	UE Throughput Gain
	RoT
	Offloading Percentage
(%)

	
	
	
	
	Average (%)
	Median (%)
	Edge (%)
	Macro
(dB)
	LPN
(dB)
	

	37dBm
	1
	3
	0
	116
	14
	-4
	6.05
	4.56
	14

	
	2
	3
	0
	214
	34
	-6
	6.08
	4.55
	24

	
	4
	3
	0
	371
	114
	14
	6.10
	4.48
	40

	30dBm
	1
	3
	0
	63
	14
	10
	5.85
	4.73
	6

	
	2
	3
	0
	111
	34
	18
	5.83
	4.80
	11

	
	4
	3
	0
	206
	74
	49
	5.82
	4.75
	19


2.2 System simulation results for hotspot deployment

The simulation assumptions for the results in this Section are the same as in Table 1, besides the UE dropping criterion which is modeled as ½ hotspot. We first consider the performance with CIO value equal to 3dB. 
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Figure 2 UE throughput gain in hotspot deployment
From Figure 2, we observe that the UE throughput increases with the number of LPNs and higher LPN power similarly to what observed for UE random dropping, however in UE hotspot deployments the uplink throughput is higher. 
Table 3 summarizes the throughput results and offloading percentage for 30dBm and 37dBm. Comparing with Table 2, we observe that the UE offloading percentage is higher in UE hotspot deployments. In the 4-37dBm LPNs per macro cell scenario for hotspot deployment, more than 50% UE are offloaded to the LPN while only 40% UE are offloaded in the random deployment. The offloading gain is larger for hotspot deployment.
Table 3 Simulation results for UE hotspot dropping criteria

	LPN Power
	LPN Num
	CIO
(dB)
	Noise padding (dB)
	UE Throughput Gain
	RoT
	Offloading Percentage
(%)

	
	
	
	
	Average (%)
	Median (%)
	Edge (%)
	Macro
(dB)
	LPN
(dB)
	

	37dBm
	1
	3
	0
	176
	77
	22
	5.94
	5.28
	32

	
	2
	3
	0
	292
	88
	20
	6.03
	4.82
	37

	
	4
	3
	0
	463
	337
	46
	6.08
	4.55
	52

	30dBm
	1
	3
	0
	132
	105
	59
	5.72
	6.12
	30

	
	2
	3
	0
	257
	141
	70
	5.73
	5.37
	33

	
	4
	3
	0
	394
	216
	104
	5.73
	4.78
	38


From Table 3, the UE edge throughput of 37dBm has smaller gain than 30dBm with the increase of the LPN number. This is because the UEs that contribute to the cell edge UE throughput are mainly macro UEs. With the increase of the number of LPNs in the macro area, the UL interference to the macro is more severe especially for larger transmit power LPN. On the other hand, larger transmit power will give larger offloading gain, and the average UE throughput has larger gain for 37dBm LPN power than 30dBm.
Next we study the impact on performance of different CIO values: 0dB, 3dB and 6dB. The uplink noise padding technique is not applied (noise padding equal to 0dB).. Hotspot deployment is used. Table 4 shows the results for 30dBm and 37dBm LPN node powers. From the 37dBm results, we can see that the Macro RoT is increased along with the CIO value. This shows the increased uplink interference from the LPN UE to the Macro, and this interference has large impact to the Macro UE throughput. From the 30dBm results, as the coverage of the LPN is not as large as for the 37dBm case, we can see a small increase in Macro RoT when the CIO is large. The cell edge UE throughput at CIO=6 dB gives the best performance.
Table 4 Simulation results for different CIO
	LPN Power
	LPN Num
	CIO
(dB)
	Noise padding (dB)
	UE Throughput Gain
	RoT
	Offloading Percentage
(%)

	
	
	
	
	Average (%)
	Median (%)
	Edge (%)
	Macro
(dB)
	LPN
(dB)
	

	37dBm
	2
	0
	0
	247
	98
	45
	5.86
	4.94
	29

	
	2
	3
	0
	292
	88
	20
	6.03
	4.82
	37

	
	2
	6
	0
	309
	116
	-24
	6.51
	4.89
	46

	30dBm
	2
	0
	0
	178
	100
	32
	5.72
	5.82
	24

	
	2
	3
	0
	257
	141
	70
	5.74
	5.37
	33

	
	2
	6
	0
	321
	185
	90
	5.77
	5.19
	40


The Non-serving RoT can be considered as an intuitive metric for the uplink inter-cell interference. It is derived from the following equation:

Non-serving RoT in dB = (Total Cell RoT in linear – Serving Cell RoT in linear) in dB
Figures 6 and 7 show the CDF of the non-serving RoT of macro and LPN, respectively, for different CIO values.
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Figure 6 CDF of non-serving RoT of Macro with different CIO
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Figure 7 CDF of non-serving RoT of LPN with different CIO
From Figures 6 and Figure 7, we can find that with the increase of CIO, the macro cell non-serving RoT is increased while the LPN non-serving RoT is decreased for both 30dBm LPN and the 37dBm LPN cases. When CIO is increased, more UEs can be served by the LPN. In addition, as the LPN-Macro SHO region is also shifted outwards of the LPN center, more LPN UEs would be outside of the SHO region and this would cause much stronger interference to the Macro. The black dotted curve in Figure 6 shows this fact that the non-serving RoT of the Macro would be as much as 5 dB. Increasing CIO would mitigate Macro interference to the LPN. With 0 dB CIO, then the non-serving RoT for the 30 dBm LPN can be as high as 8 dB. Even with 3 dB CIO, it could be still as high as 6 dB. This is because with increased CIO, LPN uplink coverage is increased and the Macro UE path loss to the LPN is also increased. As a result, the increase of the CIO value will result in more LPN UE uplink interference to the Macro, but less uplink Macro interference to the LPN.
3. Conclusions

From the system simulation results we can conclude that:

· Increasing the number of LPNs per macro area will increase the uplink throughput in HetNet scenarios.

· Enlarging the transmit power of LPNs will increase the uplink throughput in HetNet scenarios.
· Uplink throughput in HetNet scenarios is higher for hotspot UE deployments..
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