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1 Introduction
TD-SCDMA HNB is a new study item of RAN4. One of the main topics is the maximum output power of HNB. The maximum output power is a tradeoff between the HNB coverage and the interference to Macro UEs or other HNB UEs. Similar discussions had been taken on UMTS HNB [1-3]. In last meeting, some company proposed the maximum output power value based on link budget analysis. The interference towards other systems should be analysis in the meanwhile. 
This paper will provide some simulation results on the interference from TD-SCDMA HNB (closed subscriber group) to Macro UE. Furthermore, both co-channel (HNB reuse some of the Macro frequencies) and adjacent channel (HNB is operating on adjacent frequency with Macro NB) deployments have been considered in our simulations.

2 Scenario and assumptions
2.1 Simulation scenario 
In this paper, a dense urban scenario is adopted which consists of two layers. The macro cell layer is 19 hexagonal cells and each cell with three sectors. The second layer is constituted by 20 three-floor buildings which are randomly distributed within each sector of the central macro cell, as shown in figure 2-1.

The environment of the building is the same as indoor test environment presented in [5]. Each building consists of 3 floors, and each floor (with the size of 100m x 50m) has 40 rooms (10m x10m for each room) and 2 corridors (100m*5m for each corridor). As shown in figure 2.2.

The HNBs are uniformly placed in the rooms according to its penetration rate. In our simulation, the HNB penetration rates are assumed to be 2%, 4%, 8%, and 21%, hence the numbers of HNBs distributed in each victim sector are nearly equal to 50, 100, 200 and 500 respectively. The HNB active factor is defined to 1, which means that all the HNBs are active.

[image: image1.emf]
Figure 2‑1 Interference scenario
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Figure 2‑2 HNB deployment scenario

In this simulation scenario, the macro UEs (MUEs) are uniformly dropped in each macro cell. If the MUE is located inside the building, it’s assumed to be distributed on any floor with the same probabilities. 
2.2 Path loss models 
In this paper, the path loss of MNB to MUE and HNB to MUE are considered respectively as LM (dB) and LH (dB). LM is calculated by vehicular propagation model presented in [5]. If the MUE is indoor, a 10dB penetration loss (Lpen) should be considered. LH is calculated by indoor propagation model presented in [5] and if the MUE is outdoor, a 10dB penetration loss should be added. The detailed path loss models are illustrated in Table 2-1.
Table 2‑1 Path loss models for different cases

	Cases
	Path Loss

	MNB to MUE 
	MUE is outdoor
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	HNB to MUE
	MUE is outdoor
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	MUE is indoor
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n is number of penetrated floors.


2.3 Calculation of Ec/No and CIR
The influence of the HNB transmitted power on the performance of co-existing macro cell layer is evaluated from two aspects: P-CCPCH coverage probability and traffic channel capability with different HNB densities and maximum output powers (PHNBmax).

For macro UE, the P-CCPCH Ec/No is calculated as
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Where
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(mW) is the transmitted power of MNB P-CCPCH,
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is the path loss from the serving MNB to the MUE, 
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 is the active factor of the HNB, PNB,k (mW) is the transmitted power of neighboring macro sector, PHNB,h (mW) is the transmitted power of HNBs in the serving macro sector, 
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 are the path loss between the MUE to the MNB and HNB respectively, N (mW) is the noise power, GM and are the antenna gain of MNBs and HNBs respectively, ACIR equals to 0dB for the co-channel scenario and 33dB for the adjacent channel scenario.

The HS-DSCH carrier to interference ratio (CIR) for a macro UE is calculated as follows

[image: image13.wmf](

)

å

å

=

¹

=

+

×

×

×

+

+

-

×

×

=

H

h

H

H

i

h

h

HNB

h

K

i

k

k

M

M

i

k

k

NB

M

i

i

NB

M

M

i

i

i

N

G

L

ACIR

P

a

G

L

P

L

P

P

G

L

P

CIR

h

i

1

,

,

1

,

,

a

                 
   (2-2)
Furthermore, if the smart antenna is implemented in the macro cell, the HS-DSCH CIR of the macro UE is calculated by the following equation.
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Where Pi (mW) is the transmitted power of traffic channel which is allocated to the ith MUE,
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is the antenna gain of the neighbour MNB (considering the jth active MUE) to the ith. Q is the number of the MUEs in each neighbour MNB.
The DL throughput of the macro cell is obtained by the CIR to throughput mapping curve which is provided by the link level simulations (the timeslot ratio is 3:3). 

2.4 Main simulation parameters
The main simulation parameters in this paper are illustrated in Table 2-2.
Table 2‑2 Main simulation parameters
	Parameter
	Value

	Macro Cell Topology
	Hexagonal grid, 19 cell, 3 sectors per cell

	Inter-Site Distance
	1km

	Carrier Frequency/ Bandwidth
	2 GHz/1.6 MHz

	Total BS Tx power
	34dBm (SA, per carrier)
/43dBm (Directional antenna)

	Number of HNBs
	50, 100, 200, 500

	Wall penetration loss
	10dB

	HNB active factor
	1

	Macro P-CCPCH Transmitted Power
	37dBm

	UE Noise Figure
	9 dB

	Macro P-CCPCH Target Ec/No
	-6dB


3 Simulation results
3.1 Co-channel scenario
Macro P-CCPCH outage

Figure 3-1 and Figure 3-2 show the cumulative distribution of Macro P-CCPCH Ec/No and the outage probability for the case of 200 HNBs with fixed transmitted power (from -10dBm to 20dBm) under co-channel deployment scenario. The dash curve indicates the bit rates for the reference scenario without any HNBs, and the solid curves present the simulation results with different HNB output power. It can be noticed that, as the HNB transmit power increases, the downlink interference to MUE increases. The outage probability is nearly 60~90% with 20dBm HNB output power.
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Figure 3‑1 Macro P-CCPCH Ec/No with fixed HNB output power
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Figure 3‑2 Macro P-CCPCH outage probability with fixed HNB output power

Macro DL cell throughput
Figure 3-3 and figure 3-4 indicate the impact of HNB transmitted power on the macro cell DL bit rate for both directional and smart antenna deployment. The results show that the Macro DL cell throughput loss increases both as a function of PHNBmax and the number of HNBs. The HNB output power would not be above 0dBm for avoiding too much decrease of macro cell downlink throughput. As a result, the DL interference control is highly recommended for the co-channel deployment scenario, for example, the adjustable maximum HNB output power setting. 
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Figure 3‑3 Macro cell DL bit rate with fixed HNB output power
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Figure 3‑4 Macro cell DL relative average rate with fixed HNB output power
3.2 Adjacent scenario

Macro P-CCPCH outage

Figure 3-5 and figure 3-6 show the cumulative distribution of Macro P-CCPCH Ec/No and the outage probability for the case of 200 HNBs with fixed transmitted power (from -10dBm to 20dBm) under adjacent channel deployment scenario. The dash curve indicates the bit rates for the reference scenario without any HNBs, and the solid curves present the simulation results with different HNB output power. It can be noticed that, the macro P-CCPCH signal quality is much better than the co-channel scenario. 
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Figure 3‑5 Macro P-CCPCH Ec/No with fixed HNB output power
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Figure 3‑6 Macro P-CCPCH outage probability with fixed HNB output power

Macro DL cell throughput

Figure 3-7 and figure 3-8 indicate the impact of HNB transmitted power on the macro cell DL spectrum efficiency for both directional and smart antenna deployment. The results show that HNBs interference towards macro cell DL throughput is almost negligible.
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Figure 3‑7 Macro cell DL bit rate with fixed HNB output power
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Figure 3‑8 Macro cell DL relative average rate with fixed HNB output power

4 Conclusions
This paper has studied the interference from the HNBs (aggressor) to the Macro UEs (victim). The impact of different HNB density and maximum output power is evaluated. Furthermore, the study has been performed for both co-channel and adjacent channel scenarios.

The simulation results for the co-channel deployment scenario indicated that the HNB density and maximum output power has big impact on the macro cell P-CCPCH coverage and DL capacity. The maximum HNBs output power would not be higher than 0dBm for safety coexistence with macro NodeB. 
However, the adjacent-channel deployment scenario is found to work better. The interference from the HNBs to the MUE seems to be negligible in this case. Therefore, the maximum output power could be higher than the co-channel deployment scenario. The downlink interference control scheme is recommended to be studied further.
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