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1. Introduction

One of the key issues in HetNets is the UL/DL imbalance caused by the difference in transmit power of the Macro and LPN. In this paper, we focus on the scenario with large imbalance, e.g., 13dB imbalance from 43dBm Macro and 30dBm LPN. There are two major implementation methods to solve this issue: enlarging the CIO at the LPN to move the DL balance point towards the UL balance point, or noise padding at the LPN to move the UL balance point towards the DL balance point. In [1], we have found that control channels in the downlink can have acceptable performance for CIO up to 6dB. In this contribution, we analyze these two methods and examine system level performance in uplink and downlink with CIO up to 6dB. It can be seen that an appropriate CIO value is beneficial in both uplink and downlink performance. Noise padding is beneficial to LPN’s uplink performance, but degrades Macro’s uplink performance. It is recommended to consider applying CIO together with noise padding to mitigate the UL/DL imbalance and improve both uplink and downlink performance.
2. Discussion

2.1 Uplink analysis

Enlarging the CIO and noise padding can control the uplink interference. Enlarging the CIO moves the serving cell change point towards the uplink balance point. The number of Macro UEs is reduced as well as Macro UE’s uplink interference to the LPN. Meanwhile, the number of LPN UEs is increased, generating more LPN UE’s uplink interference to the Macro node. After enlarging CIO, the additional LPN UEs that were originally served by the Macro node and are close to the LPN, have a smaller pathloss to the LPN than to the Macro. As a result, the interference to the Macro from those new UEs is expected to be small. In addition, enlarging the CIO is beneficial for Scheduling Information reception, because the imbalance after CIO is reduced.
Noise padding at the LPN reduces Macro UE’s uplink interference at the LPN. However, the transmit power of all LPN UEs is increased. This would increase LPN UE uplink interference to Macro. 
From the above, it can be expected that noise padding is good at reducing the Macro UE’s uplink interference to LPN, but it brings more interference from the LPN UE to the Macro. This would have significant impact to the overall performance in HetNet, especially when most of the UEs are served by the Macro. Enlarging the CIO appears to be better than noise padding because the additional interference from LPN UE to the Macro is not that significant. Simulation results are shown in the following section.
2.1.1 Uplink system simulation results
The simulation assumptions are listed in the Appendix. Full buffer traffic is assumed. LPN with 30dBm power is considered and there is a 13dB imbalance. We try to mitigate this imbalance via CIO + noise padding (NP). The configurations listed in Table 1 are used in the system simulations. Configurations 3, 6 and 8 fully mitigate the imbalance.
Table 1 CIO + NP Configurations

	Configuration
	1
	2
	3
	4
	5
	6
	7
	8

	CIO (dB)
	0
	0
	0
	3
	3
	3
	6
	6

	NP (dB)
	0
	6 
	13 
	0 
	6
	10
	0 
	7 


Figure 1 shows the average, median and edge (5%) throughput gains in the uplink for Macro + LPN UE. Gains are relative to the baseline case in which no LPN are deployed within the Macro cell area.
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Figure 1. Uplink performance with different configurations for Macro + LPN UE
From the figure above, it can be seen that without CIO, moderate NP of 6dB can improve UE average throughput. However, median and edge throughputs are reduced. A large NP of 13dB cannot further increase UE average throughput. Instead, it reduces the median and edge throughputs significantly. Even negative gain can be observed for edge UE throughput. Further analysis of this fact will be given with separate Macro/LPN edge throughput performance results as well as Macro/LPN RoT results.
Similar trends can be observed for CIO=3dB and CIO=6dB. It can be seen that for a given CIO, the best median or edge performance is achieved when NP is not used. CIO=6dB without NP provides best performance among all configurations. These results suggest that NP should be chosen carefully because it can have a negative impact to the median and edge performance.
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Figure 2. Edge (5%) UE performance with different configurations
Figure 2 shows separately the edge performance of Macro + LPN UE, Macro UE and LPN UE. It can be seen that with NP, as expected LPN UE performance improves significantly, however Macro UE performance reduces significantly, especially when NP is large. As there are more Macro UEs than LPN UEs, and LPN UE performance becomes much higher than Macro UE performance when increasing the amount of NP, the overall Macro + LPN edge UE performance is dominated by Macro edge UE performance. This explains why Macro+LPN edge UE performance is very close to the Macro edge UE performance, especially when LPN edge UE performance is very high. Enlarging the CIO without NP, however, improves both Macro edge UE and LPN edge UE performance.

Table 2 shows the 90% Macro/LPN RoT of each configuration. It can be seen that for the same CIO, increasing NP also increases the RoT of the Macro. This is because NP increases the transmit power of all LPN UEs and the interference level to the Macro node increases. On the LPN side, for CIO=0dB, increasing NP reduces RoT at the LPN with more than 1dB because when CIO=0dB, there is strong uncontrolled uplink interference to the LPN. However, for CIO=3dB and 6dB, increasing NP only reduces RoT at the LPN within 1dB. This is because the CIO already reduces the amount of Macro UE interference to the LPN. In addition, when CIO is used the larger Macro UE to LPN pathloss helps to reduce the interference from Macro UE. Considering the configurations without NP (configuration 1, 4 and 7), we can see that increasing the CIO has few impact on the Macro RoT, while it helps to reduce the LPN RoT.
Table 2 Macro/LPN 90% RoT with different configurations

	Configuration
	1
	2
	3
	4
	5
	6
	7
	8

	CIO (dB)
	0
	0
	0
	3
	3
	3
	6
	6

	NP (dB)
	0
	6 
	13 
	0 
	6
	10
	0 
	7 

	Macro 90% RoT (dB)
	5.97
	6.12
	7.65
	6
	6.5
	7.74
	6.05
	7.88

	LPN 90% RoT (dB)
	6.32
	5.18
	4.75
	5.88
	5.06
	5
	5.55
	5.06


As a result, CIO is more efficient to improve both Macro UE and LPN UE uplink performance. NP improves LPN UE uplink performance, but it degrades Macro UE uplink performance. When considering the implementation methods to mitigate the imbalance zone via CIO and NP, the amount of NP needs to be carefully chosen in order to avoid Macro UE uplink performance loss. 
Observation 1: Enlarging the CIO is beneficial to both Macro UE and LPN UE uplink performance.
Observation 2: Noise padding improves LPN UE uplink performance, but it degrades Macro UE uplink performance, as well as the overall Macro+LPN edge UE uplink performance.

2.2 Downlink analysis

For the downlink, enlarging the CIO would result in larger offloading ratio, which is beneficial to the Macro performance. However, the UE offloaded to the LPN after enlarging CIO would suffer high interference from the Macro. The CIO value needs to be chosen carefully in order to avoid that LPN edge UE downlink performance degrade. 
Noise padding does not have a direct impact to the downlink. It would, however, increase LPN UE transmit power on uplink channels for downlink feedback control signaling like HS-DPCCH [2], so that the Macro-LPN SHO UE served by the Macro would have better HS-DPCCH reception quality, therefore improving the reliability of the downlink performance.
2.2.1 Downlink system simulation results

Figure 3 shows the system simulation results in the downlink with CIO=0dB, 3dB and 6dB. Simulation assumptions are listed in the Appendix. It can be seen that although enlarging the CIO cannot increase the overall system performance, the median and edge performance is improved. 
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Figure 3. Macro + LPN UE downlink performance with different CIO

Table 3 shows separately Macro + LPN UE, Macro UE and LPN UE performance with different CIO. It can be seen that when CIO is large, more UEs are offloaded to the LPN, and because of the change in scheduling opportunity and interference, Macro performance is improved while LPN performance is decreased. Although LPN edge UE performance degrades a lot when increasing the CIO, it is still comparable to Macro edge UE performance. For a large offloading ratio, for example over 50% offloading ratio, it is possible that LPN edge UE performance is worse than Macro edge UE performance. New techniques to further improve the Macro + LPN edge UE performance could be considered, such as RRSoP and IC based techniques.
Table 3 Macro + LPN UE, Macro UE and LPN UE downlink throughput in kbps

	
	CIO=0dB
	CIO=3dB
	CIO=6dB

	Macro + LPN edge
	269.51
	321
	344.74

	Macro edge
	244.83
	284.58
	349.04

	LPN edge
	958.97
	596.97
	322.94

	Macro + LPN median
	878.7
	1001
	1108.7

	Macro median
	588.23
	730.81
	922.64

	LPN median
	3076.5
	2162.9
	1565.6

	LPN offloading ratio
	29.72%
	38.41%
	47.64%


Observation 3: The use of an appropriate CIO value is beneficial to the overall cell-edge performance.

3. Conclusions

Based on the analysis and simulation results, the following observations can be made:

Observation 1: Enlarging the CIO is beneficial to both Macro UE and LPN UE uplink performance.

Observation 2: Noise padding improves LPN UE’s uplink performance, but it degrades Macro UE uplink performance, as well as the overall Macro+LPN edge UE uplink performance.

Observation 3: The use of an appropriate CIO value is beneficial to the overall cell-edge performance.

In order to mitigate the issues caused by uplink/downlink imbalance, as well as to improve the uplink and downlink performance, we propose:

Proposal 1: Use CIO together with noise padding in HetNet to overcome the issues caused by uplink/downlink imbalance and improve the uplink and downlink performance.

Proposal 2: The discussion and results presented in this contribution are captured in the Hetnet TR and a recommendation of using a combination of CIO and NP methods is made.
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5. Appendix

Table 4 System simulation assumptions for the uplink

	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
	30dBm

	Number of LPNs in a Macro cell
	4

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

	Dropping criteria for UEs
	1/2 hotspot

	RE of LPN
	0dB, 3dB, 6dB

	Target RoT for both macro and LPN
	6dB


Table 5 System simulation assumptions for the downlink
	Parameters
	Values and comments

	Cell Layout
	57 cell hexagonal (19 NodeB, 3 sectors per Node B with wrap-around)

	Inter-site distance
	500 m

	Path Loss
	Macro Node: L=128.1 + 37.6log10(R), R in kilometres

LPN: L=140.7 + 36.7log10(R), R in kilometres

	Log Normal Fading
(outdoor)
	Standard Deviation: 8dB (macro cell); 10 dB (LPN)
Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0

Correlation Distance: 50m 

	Antenna pattern
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                                                                              = 70 degrees,     Am = 20 dB
LPN: 2D Antenna, omni-directional

	Max BS Antenna Gain
	Macro cell: 14dBi
LP cell: 5 dBi

	Penetration loss
	20dB

	Maximum Tx Power of LPNs
	30dBm

	Number of LPNs in a Macro cell
	4

	Dropping criteria for LPNs
	LPNs are randomly and uniformly distributed within a macro cell.

	Dropping criteria for UEs
	1/2 hotspot

	CIO
	0dB, 3dB, 6dB
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