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Introduction

Recently, heterogeneous deployments where low power nodes are placed throughout a macro-cell layout have gained significant interest from cellular network operators as a means to enhance system performance (coverage and capacity).  
In this contribution, we focus our attention on the co-channel heterogeneous network deployment in which small power nodes use same carrier frequency as the macro-cell. Under co-channel deployment, introduction of the low power nodes to the macro-cell brings challenges in terms of the control channel (HS-DPCCH) reliability as well as the interference management between low and high power nodes.

From the high level architecture point of view, the deployment of small power nodes could be divided into two difference scenarios
1. Shared controller deployment where macro-cells and small power nodes share the same RNC.

Under this deployment scenario, SHO could be supported between macro-cell and small power nodes. From the interference management point of view, enabling SHO between macro-cell and small power nodes mitigates the interference between low and high power nodes for the UEs in the SHO handoff region. Those UEs will be power controlled by the cells that has the best UL while their grant could be limited by all cells in the active set via AGCH as well as RGCH. From HS-DPCCH reliability perspective, for those SHO UEs, if they are served by macro-cell while have SHO link to the small power node, serving macro-cell may have problem decoding the HS-DPCCH channel which will be explained in details in the next section. 
2. Dedicated controller deployment where macro-cells and small power nodes are controlled by different RNC.

Dedicates controller deployment allows operators more flexible choice of vendors, and could be a valuable solution in case if RNC runs into issue of capacity limit or (NodeB) port connectivity limit. Under this scenario, SHO will not be supported between macro-cell and small power nodes. On the positive side, there will be no control channel (HS-DPCCH) reliability problem. However, on the negative side, interference problem will become more severe.

In this contribution, we list three potential problems that could arise from the low power nodes deployment in the macro-cell layout. 
2
Potential Problems in Heterogeneous Network
The major problems comes from the transmit power difference between the low power nodes and the high power macro-cell nodes. As the serving cell selection as well as the active set management are mainly based on the downlink (DL) received signal strength, transmit power of each cell largely determines the coverage area of the cell. Normally, a high transmit power nodes will cover larger area than the low transmit power nodes. However, from the Uplink (UL) perspective, the strength of the signal being received at each node does not rely on the DL transmit power of each node. Consequently, introduction of the low power nodes could potentially cause large UL imbalance in the sense that, in UL, cells other than the serving cell could receive much stronger signals from the UE than the serving cell. 
We could mathematically view the UL imbalance as, per unit of power the UE transmits, the received SINR difference between the target cell and the serving cell. Figure 1 illustrates the potential problem of UL imbalance, i.e. large distance between the UL and DL boundary. The DL boundary is defined as the point beyond which UE will perform serving cell change. The DL boundary is largely determined by (1) The Macro and low power node transmit power difference (2) Certain cell reselection parameters like Cell Individual Offset (CIO). The UL boundary is defined as the point where UE causes same SINR at both cells. The UL boundary will mostly be decided by (1) Noise figure (UL sensitivity) difference between two cells. (2) The loading (RoT) difference between two cells.
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Figure 1 Heterogeneous Network UL Imbalance Scenario
In the deployment of heterogeneous networks, there are potentially three problems that could arise from the introduction of the small power nodes.
1. Control channel (HS-DPCCH) problem. 

This problem happens for the UEs that are in soft-handoff between macro-cell and small power nodes while macro-cell is the serving cell. Due to the UL imbalance, UE could have a much better UL to the small power node than to the macro-cell. The power control command from small power node will bring the UE transmit power down such that the packet will be mostly decoded at the small power node while UE received signal at the macro-cell is very weak. Control channel, especially the HS-DPCCH which carriers the DL ACK/NACK and CQI information cannot be reliably decoded at the serving (macro) cell. Under that scenario, unreliable DL ACK/NACK decoding, especially the high ACK to DTX error, will cause large unnecessary retransmissions and degrade the DL throughput performance.

2. Excessive UL interference from Macro to small power nodes

The excessive interference to the small power nodes is caused by the UEs being served by the macro-cell while do not have the victim small power nodes in the active set. In this case, due to the UL imbalance, the UE could still have a better UL to the small power node than to the serving cell. Not beng in the acrtiv set, the small power nodes could not power control the UE or limits the UE grant by RGCH. Consequently, those small power nodes could be the victim of large un-controllable interference from macro-cell. UEs served by victim small power nodes suffer from bad UL throughput.

3. Excessive UL interference from small power nodes to Macro

This problem mainly arises from the uneven loading from the heterogeneous network. When the small power node serves only a small number of UEs as compared to the macro-cell, each UE served by the small power node will receive very generous grant and hence transmit at higher power. When those UEs are not in SHO with the macro-cell, they could cause large interference to the neighbouring macro-cell and degrade the UL throughput of the UEs served by the victim macro-cell.

Th table below summarize the potential problems that may cause by the introduction of small power nodes, the level of the problem is estimated based on the transmit power of the small power nodes as well as the deployment scenario, i.e. whether SHO is being supported between the small power node and macro-cell
	 
	 
	SHO Allowed Between Small Power Node and Macro
	SHO NOT Allowed Between 
Small Power Node and Macro

	
	Small Power Node 
Transmit Power
	5W
	1W
	0.25W
	5W
	1W
	0.25W

	HetNet Potential 
Problem
	HS-DPCCH 
Reliability
	Minimum
	Medium
	Severe
	NA

	
	UL Interference
Macro UE -> Pico
	Minimum
	Medium
	Severe
	Minimum
	Medium
	Severe

	
	UL Interference
Pico UE -> Macro
	Medium
	Minimum
	Minimum
	Medium
	Minimum
	Minimum


3
Simulation Results 

In this contribution, we show simulation results that illustrates the above three potential problems. Table below summarize the simulation assumption we used in this contributions.
	Parameters
	Comments

	Cell Layout
	(1) Macro cell: Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around
(2) Small power nodes: Uniform dropping with 4 low power nodes per macro cell.

	Inter-site distance
	500 m

	Path Loss
	Macro to UE: L= 128.1+37.6log10(R)

Small power node  to UE : L= 140.7+36.7log10(R)    R in km

	Penetration loss
	20 dB

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation : 1.0

	Antenna pattern
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	Number of UEs/cell
	16 UEs dropped per macro-cell. 
2 UEs are randomly and uniformly dropped within a 40 meter radius of each low power node. Total UEs clustered around the low power nodes is 8 (4 low power nodes/macro)
Remainning 8 UEs are randomly and uniformly dropped in the macro-cell

	Minimum distance between low power nodes and macro-cell
	>=75m

	Minimum distance between low power nodes and macro-cell
	>=50m

	Minimum distance between UE and macro-cell
	>= 35m

	Minimum distance between UE and low power nodes
	>= 10m

	Channel Model
	PA3

	Maximum Node

Transmit Power
	Macro cell: 43 dBm 
Small power node: 37, 30 dBm

	Maximum UE Transmit Power
	24 dBm 

	Soft Handover Parameters
	R1a (reporting range constant) = 4.5 dB,
R1b (reporting range constant) = 4.5 dB
Cell Individual Offset (CIO): 0 for all cells (macro-cell and small power nodes)

	Maximum active set size
	3

	Traffic Model
	Full buffer for both UL and DL

	Inter-cell Interference Modelling
	Explicit modeling for both DL and UL

	Other Parameters
	DL overhead power - 30% (10% pilot + 20% other common channels)
UL: Target 1% residual BLER after 4 transmissions, 
DL: Target10% BLER after the first transmission

	HSDPCCH (ACK/NACK) Decoding
	Realistic decoding performed. 

Correlator based decoding used. Received HSDPCCH symbols are correlated with each of the possible codewords and the codeword corresponding to the highest correlator output is chosen, subject to a given false-alarm probability (10%).

ACK C2P: 0 dB


3.1 
Control Channel (HS-DPCCH) Decoding Problem
In this simulation, we focus on the case there the small power nodes have DL transmit power of 30dBm (1W). We also assume that small power nodes have the same UL noise figure (sensitivity) as the macro-cell. The serving cell selection is based on EcpIo measurement. Specifically, the cell that has the strongest received CPICH RSCP at the UE receiver will be the serving cell. 

Since we assume that pilot consumes 10% of the total power at each node, the largest UL imbalance is roughly the power difference between the small power node and macro-cell which turns out to the 13dB. 
Figure 2 shows the UL imbalance estimate CDF of all the UEs that are in SHO in the systems. To estimate the UL imbalance, for each UE, we take the difference of the average target SIR and average received SIR at the serving cell. When a UE is in SHO between macro-cell and small power nodes while has macro-cell as its serving cell, the small power node could have a much better UL than the macro-cell hence will be the cell power controls the UE as well as determines the target SIR. For the macro-cell, its received SIR could be very weak, i.e. much lower than the target SIR. 
From the dropping, we see about 40% of UE in SHO, among which about 28% of UEs are served by the macro-cell while have SHO link to at least one of the small power nodes. Again, Figure 2 shows the imbalance estimation for 40% UEs of the total population. Based on the simulation results, around 8% of the total UE population (20% among the UEs that are in SHO) observe UL imbalance higher than 8dB. Those UEs will observe pilot SINR close to or even lower than -30dB. For a practical receiver, finger tracking will be highly likely to break down at such a low pilot SINR. The control channel, especially the HS-DPCCH, to the serving cell will be extremely unreliable under this case.
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Figure 2 UL Imbalance Estimate CDF Assuming 30dBm Small Power Node Transmit Power
Even if we assume the finger tracking has no problem, the decoding performance of HS-DPCCH could deteriorate so much such that ACK to DTX probability could be extremely high as shown in Figure 3. Figure 3 shows the ACK to DTX error probability CDF for the whole UE population. The high ACK to DTX probability will lead to high DL unnecessary retransmission. 
[image: image4.emf]0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Ack to DTX Error Probability

CDF

Ack to DTX Error Probability CDF


Figure 3 HS-DPCCH ACK to DTX Error Probability CDF Assuming 30dBm Small Power Node Transmit Power
As a conclusion, when small power node transmit power is low, there could be HS-DPCCH reliability issue as well as the finger tracking problem for UL decoding at the serving cell.
3.2 
Excessive UL Interference from Macro to Small Power Nodes

Similar to the HS-DPCCH problem, we focus on the case there the small power nodes have DL transmit power of 30dBm (1W). For some of the UEs not in SHO, its UL to the small power node could still be much better than the UL to macro-cell. In this case, small power node could not power control the UL or send RGCH to limit the grant. As a consequence, those power nodes could be victims of excessive UL interference from the macro-cell.

Figure 4 shows the UL UE throughput CDF for both the baseline and the heterogeneous network. Baseline case does not have any small power nodes while heterogeneous network case has 4 small power nodes uniformly dropped per macro-cell. Under heterogeneous network setup, the very bad tail of the UL throughput suggests some interference problem. Figures 5 separates UEs into two categories, i.e. the UEs served by macro-cell and the UEs served by the small power nodes. It clearly shows that some of the UEs that are served by the small power node suffer from the very low UL throughput as those small power nodes observe very high uncontrollable interference from the macro-cell. Figure 6 shows the RoT scatter plots of each cell. The cell with index 1 to 57 is the macro-cell while the cell with index higher than 57 is the small power node. The scheduler is running with the RoT target around 5.5dB.  Obviously, as macro-cell UEs cause large interference to the low power nodes, some of the low power nodes have RoT higher than the RoT target which results in the very small grant and throughput of its own served UE.
It should also be emphasized that this simulation assumes that SHO between macro-cell and small power nodes is allowed. On the other side, when SHO between macro-cell and small power nodes is NOT allowed, the interference problem will become worse. Figure 7, Figure 8 and Figure 9 shows the aggregated UE UL throughput CDF, separated UE UL throughput CDF as well as the RoT scatter plots respectively. Compared with the SHO allowed case, we do observe from simulation results that the interference problem between macro-cells and small power nodes becomes worse.
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Figure 4 UL Throughput CDF Assuming 30dBm Small Power Node Transmit Power SHO Allowed between Macro-cell and Small Power Nodes
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Figure 5 UL Throughput CDF Assuming 30dBm Small Power Node Transmit Power SHO Allowed between Macro-cell and Small Power Nodes
[image: image7.emf]0 50 100 150 200 250 300

0

1

2

3

4

5

6

7

8

9

UL RoT (dB)

Cell ID


Figure 6 RoT CDF Assuming 30dBm Small Power Node Transmit Power SHO Allowed between Macro-cell and Small Power Nodes
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Figure 7 UL Throughput CDF Assuming 30dBm Small Power Node Transmit Power SHO Disallowed between Macro-cell and Small Power Nodes
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Figure 8 UL Throughput CDF Assuming 30dBm Small Power Node Transmit Power SHO Disallowed between Macro-cell and Small Power Nodes
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Figure 9 RoT CDF Assuming 30dBm Small Power Node Transmit Power SHO Disallowed between Macro-cell and Small Power Nodes
3.3 
Excessive UL Interference from Small Power Nodes to Macro 

In our simulation, we also observe the case where small power node UEs cause large interference to the macro-cell. It happens at the high small power node power, namely 37dBm (5W).  We assume that small power node has 3dB worse UL noise figure than the macro-cell. We also assume that SHO between macro-cells and small power nodes is disallowed.
Figure 10 shows the UL throughput CDF among all UEs. We observe bad UL throughput tail behaviour during the heterogeneous network deployment. In Figure 11, we separate UL throughput performance of UEs served by macro-cells from the UEs served by small power nodes. In this case, we observe bad throughput tail for the UEs being served by macro-cell which suggests macro-cell could observe high interference from the small power nodes. 

The reason for that happens is that in this setup, the small power nodes are lightly loaded. In our setup, we drop 16UEs in the geographic area of each macro-cell. Based on the dropping, each small power node serves about 11% of the UEs while macro-cell serves about 56% of the UEs. As small power nodes serve less number of UEs, each UE receives higher grant and, therefore, transmit at higher power. Due to the lack of SHO between macro-cell and small power nodes, the UE could be close to the macro-cell but still be served by the small power node. Those UEs will cause large interference to the macro-cell. Moreover, as we assume that small power nodes to have 3dB worse UL noise figure than the macro-cell as well as high small power node transmit power of 37dBm, the UL imbalance is not enough to protect the macro-cell from being jammed by the UEs served by the small power nodes.

Figure 12 shows the RoT scatter plot which clearly illustrates that some of the macro-cells have RoT much above the RoT target of 5.5dB. Those UEs served by the high RoT macro-cells suffer from bad UL throughput.
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Figure 10 UL Throughput CDF Assuming 37dBm Small Power Node Transmit Power
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Figure 11 Throughput CDF Assuming 37dBm Small Power Node Transmit Power
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Figure 12 RoT CDF Assuming 37dBm Small Power Node Transmit Power
4
Conclusion
In this contribution, we discussed some potential problems that could arise from the heterogeneous network deployment when small power nodes are being placed in the high power macro-cell layout. The problems mainly arise from the UL imbalance caused by the transmit power difference between the small power nodes and macro-cell. Simulation results are used to illustrate three potential problems (1) Unreliable HS-DPCCH decoding at the serving cell. (2) Excessive UL interference from the macro-cell to low power node. (3) Excessive UL interference from the low power nodes to macro-cell.
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