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1. Introduction 
In heterogeneous networks due to the transmit power difference between the Macro and the LPN, there is a UL/DL mismatch region between the Macro cell and LPN. For example, for a HetNet with 30dBm LPN and 43dBm Macro, the UL/DL imbalance could be as much as 13dB. During the HetNet study for co-channel scenario, range expansion by increasing the CIO towards the LPN has been considered as a simple method to mitigate the UL/DL imbalance and offload more UEs to the LPN. In addition, the study shows that it is possible to operate at a CIO of 9dB for dual antenna UE. In this contribution, we provide the system level simulation results for both of the uplink and downlink performance with various CIO values up to 9dB. From the results, it can be seen that range expansion up to 9dB brings significant benefits in the uplink while also drawbacks in the downlink.
2. Discussion
Due to the transmit power difference of the Macro and LPN, there is a UL/DL imbalance region as illustrated in the AB region in Figure 1. UL boundary is the location where UE has the same received power at both Macro and LPN, and DL boundary is the location where UE can receive the same strength of Macro and LPN signals. In this imbalance region, UE has better UL at the LPN while better DL at the Macro.
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Figure 1. Imbalance region in HetNet

UE in the imbalanced region would have the following issues:

· Reduced downlink performance for SHO UE in CB region due to poor HS-DPCCH reception quality at the Macro.

· Reduced uplink performance for SHO UE in CB region due to poor SI and happy bit reception qualities at the Macro.

· UE outside of the SHO region would generate uncontrollable uplink interference to the LPN.

The imbalance region can be reduced by range expansion with increased CIO at the LPN, moving point B towards point A. This way, the issues listed above can be alleviated. However, if the UE is served by LPN in the imbalanced region, strong interference from Macro would degrade the performance of both downlink control channels and data channels. As a result, the CIO cannot be too large to match the UL/DL imbalance region completely. 
According to the study of downlink control channels [1], we can see that it is possible to operate at a CIO of 9dB for dual antenna UE. In this contribution, the CIO values set for range expansion are therefore 0, 3, 6 and 9dB. Within each Macro cell area, there are 4 30dBm LPN randomly deployed. The UEs are assumed to be dual antenna with type 3 receiver and are dropped using the 1/2 hotspot criteria.
2.1 Uplink System simulation results for range expansion with various CIO

In the uplink simulation, 8 UEs are assumed in each Macro cell area and no noise padding is assumed at the LPN. The detailed simulation assumptions are listed in Annex A.1. Figure 2 shows the average, median and edge (5%) throughput gain over Macro-only network in the uplink for all UEs. It can be seen that more throughput gain can be achieved with the increase of CIO. 
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Figure 2.  Uplink performance gain over Macro-only network with different CIO values
In order to further analyze the results, we show the split performance of Macro UE and LPN UE in Figure 3. The ratios of UEs offloaded to LPN for CIO = 0, 3, 6, 9dB are 29%, 38%, 49% and 58%. It can be seen that with the increase of CIO, both Macro UE and LPN UE’s performance increases, and more UE’s uplink is served by the LPN. This is because more of the UE’s uplink in the imbalanced region (CB region in Figure 1) could be controlled by the LPN. The amount of UE that is out of the SHO is less and farther away from the LPN, and more UE can be served by the LPN directly with more efficient uplink.
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Figure 3. Split average uplink performance of Macro UE and LPN
From the interference point of view, we show the 90% RoT at the Macro and LPN with different CIOs in Table 1. It can be seen that as the CIO increases, the Macro 90% RoT changes slightly. This is because more UEs are served by the LPN and more inter-cell interference could be observed. However, as SHO is on, most of the interference is controllable and the raise of RoT is small. For the LPN, the decrease of 90% RoT is more significant. This is because more UEs in the imbalance region are controlled by the LPN and the amount of inter-cell interference is reduced.
Table 1. 90% RoT at the Macro and LPN with different CIO

	CIO (dB)
	0
	3
	6
	9

	Macro 90% RoT (dB)
	5.97
	5.95
	6.05
	6.18

	LPN 90% RoT (dB)
	6.32
	5.88
	5.55
	5.45


In additional to the gains achieved with range expansion in the uplink throughput, as the imbalance region is also reduced by range expansion, the SI and happy bit reception quality issues can also be alleviated. We observe that:
Observation 1: Range expansion with the increase of CIO to the LPN could bring significant gain in the uplink.

2.2 Downlink System simulation results for range expansion with various with various CIO

In the downlink simulation, 16 UEs are assumed in each Macro cell area. The detailed simulation assumptions are listed in Annex A.2. Figure 4 shows the average, median and edge (5%) throughput gain over Macro-only network in the downlink for all UEs. It can be seen that only the median gain increases as CIO increases. The average gain changes slightly when CIO is 0~6dB, but less average gain can be observed at 9dB CIO. Edge gain increases as CIO increases up to 6dB. The edge gain for 9dB CIO is very small. The results show that until 6dB CIO is reached, the average performance does not vary much and the median and edge gain can be improved. When the CIO is as large as 9dB, less average gain and edge gain is observed.
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Figure 4. Downlink performance gain over Macro-only network with different CIO values
In order to further analyze the results, we show the split performance of Macro UE and LPN UE in Table 2. The ratios of UEs offloaded to LPN for CIO = 0, 3, 6, 9dB are 29%, 38%, 48% and 56%. It can be seen that with the increase of CIO, Macro UE’s performance increases while LPN UE’s performance decreases. As the CIO increases, the amount of UE served by the Macro is reduced and all UEs served by the Macro could enjoy more scheduling opportunity to improve performance. The amount of LPN UE, however, is increased and less scheduling opportunity is available, causing performance degradation. In addition, the UE offloaded to LPN in the imbalance region generally would have a low geometry because they suffer strong downlink interference from the Macro. In summary, as CIO increases, performance gain is obtained for the Macro UE while loss is found for the LPN UE. We have the following observation:
Observation 2: Until 6dB CIO is reached, the average downlink performance does not vary much and the median and edge gain can be improved.

Table 2. Split downlink performance of Macro UE and LPN
	Configuration
	CIO=0dB
	CIO=3dB
	CIO=6dB
	CIO=9dB

	Average Macro UE Tput (kbps)
	715
	846
	1045
	1322

	Average LPN UE Tput (kbps)
	4021
	3075
	2418
	1853

	Median Macro UE Tput (kbps)
	588
	730
	923
	1210

	Median LPN UE Tput (kbps)
	3077
	2163
	1566
	1101

	Edge Macro UE Tput (kbps)
	244
	285
	349
	424

	Edge LPN UE Tput (kbps)
	959
	597
	323
	162


Although increasing the CIO could bring significant benefit on the uplink, it also brings negative impact on downlink edge UE and downlink control channel quality. As selection of CIO is an implementation parameter, it should be carefully chosen considering both the impacts on the downlink and uplink. If a UE is SF-DC capable, the drawback of downlink for large CIO could be alleviated because Macro as the non-serving cell can also serve the LPN edge UE’s downlink when this LPN UE is at low geometry. 

In all, we have the observation:
Observation 3: Range expansion brings significant benefit on the uplink, but it also brings negative impact on the downlink, especially LPN edge UE.

3. Conclusion
In this contribution, we presented the system simulation results and performance analysis on both uplink and downlink with range expansion by applying various settings of CIO. 3 observations are made:

Observation 1: Range expansion with the increase of CIO to the LPN could bring significant gain in the uplink.

Observation 2: Until 6dB CIO is reached, the average downlink performance does not vary much and the median and edge gain can be improved.
Observation 3: Range expansion brings significant benefit on the uplink, but it also brings negative impact on the downlink, especially LPN edge UE.

As a result, the configuration of range expansion via increasing the CIO in HetNet would consider both the benefit on the uplink and the drawbacks on the downlink. 
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4. Appendix A
A.1
 Uplink System simulation assumptions
Table 1: System level simulation assumptions for UL analysis

	Parameters
	Values and comments

	Numbers of UE 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

	CIO of LPN
	0dB, 3dB, 6dB, 9dB

	Target RoT for both macro and LPN
	6dB

	Noise Figure of the Node B
	5 dB


A.2 Downlink System simulation assumptions
Table 2: S System level simulation assumptions for DL analysis
	Parameters
	Values and comments

	Numbers of UE per Macro Cell
	16 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

	CIO of LPN
	0dB, 3dB, 6dB, 9dB

	UE receiver
	Type3

	Total overhead power
	20%
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