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1 Introduction
With the increasing demand for data services, heterogeneous network deployments are considered as efficient ways to improve system capacity. However, there also exist challenges from the system performance perspective. For example, interference varies more dynamically compared to typical homogenous deployments. In RAN #44, it was agreed that LTE-Advanced shall support heterogeneous network deployments consisting of macro, pico, femto, and relay nodes [1]. In this contribution, we provide preliminary analysis for different heterogeneous deployment scenarios. Link budget results show that significant interference exists in several scenarios. Further, we discuss a few aspects which shall be considered in heterogeneous networks.

2 Interference Scenarios Analysis 

In this section, we mainly discuss different interference scenarios as well as analysis methods. Throughout this contribution, we adopt the following notations:

· MNB: macro eNB,
· MUE: UE served by a macro eNB,
· LNB: local eNB, e.g. pico eNB, femto eNB, or relay node,
· LUE: UE served by a local eNB.
2.1 Interference Scenarios in Heterogeneous Network

In heterogeneous network deployments, the interference scenarios can be classified as following:
· Interference from MUE to LNB 
· Can be significant, especially when an MUE transmits with high power at the edge of a MNB cell.

· Interference from LUE to MNB
· Expected to be small, due to low transmit power of LUE and small coverage of LNB.
· Interference from MNB to LUE 
· Expected to be high, due to higher transmit power of MNB, e.g. on control channels
· Interference from LNB to MUE
· Expected to be high 
· Interference from MNB to LNB
· Only present for TDD deployments without inter-site synchronization
· Expected to be high due to higher MNB transmit power 
· Interference from LNB to MNB
· Only present for TDD deployments without inter-site synchronization

· Expected to be smaller compared to LNB to MNB interference, due to lower LNB transmit power 
· Interference from MUE to LUE
· Only present for TDD deployments without inter-site synchronization

· Interference from LUE to MUE
· Only present for TDD deployments without inter-site synchronization

2.2 Interference Analysis Methods
Typical interference analysis methods include link budget, static system simulation, and dynamic system simulation.
· Link budget is a simple and coarse analysis method, which can be used for preliminary evaluations to identify severe interferences in some extreme cases. 

· Static system simulation can provide more detailed information about the interference level, such as the CDF curve of interference. It is more accurate than link budget but simpler than dynamic system simulation. 

· Dynamic system simulation is the most accurate analysis method, which can be used to evaluate system performance, such as cell throughput.

In the early study phase of heterogeneous deployments, using link budget for interference analysis is beneficial to quickly identify the scenarios of severe or negligible interference scenarios.
2.3 Link Budget Analysis of Heterogeneous Network

In this contribution, we focus on link budget analysis for heterogeneous deployments with same frequency. For deployments with different frequency, interference level shall be much lower due to ACIR. For each scenario, link budget analysis is performed for both high and low interference cases. In the high interference case, the interferer typically is of high transmitting power and locates close to the signal destination. In the low interference case, the interferer locates far away from the signal destination. Figure 1 in Annex A shows examples of high and low interference cases. Moreover, for the link budge analysis in this contribution, it is assumed that there is only one LNB in each macro cell. An example of link budget analysis is provided in Annex A, with detail results presented in Annex B. The specific parameters assumed can be found in Annex C. In the following sections, qualitative summaries of interference level for different deployment scenarios are shown based on the link budget analysis results.
2.3.1 Femto Cell with Macro Cell
Table 1: Interference Analysis for Femto Cell with Macro Cell
	Interference Scenario*
	Interference Level**

	
	open cell
	CSG cell

	MUE->LNB
	Strong
	Unable to work

	LUE->MNB
	Negligible
	Negligible

	MNB->LUE
	Strong
	Strong

	LNB->MUE
	Strong
	Strong

	MNB->LNB
	Unable to work
	Unable to work

	LNB->MNB
	Strong
	Strong

	MUE->LUE
	Strong
	Strong

	LUE->MUE
	Weak
	Strong


* A->B: transmission of A interferes with reception of B
** Meaning of different levels:

· Negligible: Even in high interference cases (such as Figure 1 (a) in Annex A), interference level is lower than noise.

· Weak: Although some interference level is higher than noise, all reception SINRs are higher than 0dB.

· Strong: Reception SINR in lower interference case (such as Figure 1 (b) in Annex A) is higher than 0dB, while SINR in high interference case is lower than 0dB.

· Unable to work: Even in lower interference case, SINR is lower than 0dB.
Summary:
· For TDD systems with heterogeneous deployments, unsynchronized frame timing between different nodes leads to significant interference levels or even makes the system unable to work. Therefore, in TDD systems, tight synchronization between Femto eNB and Macro eNB is required.

· In case frame timing is synchronous within the heterogeneous network, interferences other than LUE->MNB are not negligible. Therefore, particular interference cancellation schemes need to be applied, e.g. power control, fractional frequency reuse, etc. 

2.3.2 Hotzone Cell with Macro Cell
Table 2: Interference Analysis for Hotzone Cell with Macro Cell
	Interference Scenario
	Interference Level

	MUE->LNB
	Strong

	LUE->MNB
	Negligible

	MNB->LUE
	Strong

	LNB->MUE
	Strong

	MNB->LNB
	Unable to work

	LNB->MNB
	Unable to work

	MUE->LUE
	Strong

	LUE->MUE
	Weak


Summary:
· Similar to femto heterogeneous network, tight synchronization between Hotzone eNB and Macro eNB is also required in TDD systems.

· Significant interference exists in most cases, which requires interference cancellation schemes.
2.3.3 Pico Cell with Macro Cell
Table 3: Interference Analysis for Pico Cell with Macro Cell
	Interference Scenario
	Interference Level

	MUE->LNB
	Strong

	LUE->MNB
	Negligible

	MNB->LUE
	Strong

	LNB->MUE
	Weak

	MNB->LNB
	Unable to work

	LNB->MNB
	Strong

	MUE->LUE
	Strong

	LUE->MUE
	Strong


Summary:
· For TDD systems, tight synchronization between Pico eNB and Macro eNB is required.

· Significant interference exists in most cases. Interference cancellation schemes shall be applied.
3 Considerations on key aspects for heterogeneous network study

In this section, we discuss several key aspects that shall be considered for heterogeneous network.

· Inter-site synchronization is required in TDD systems with heterogeneous deployment. Note that there have been some proposals, e.g. network listening, for Femto/Macro synchronization. 

· Inter-site interference on control channels can be quite severe. Therefore, schemes which provide reliable performance for control channel shall be studied. A few methods, such as FDM+PC [3] or TDM+PC [4], have been proposed. The TDM approach may not be very applicable for interference control on UL control channels. Further, the application of FDM approach is limited when the system has only one carrier. 

· Interference control on data channel shall also be studied to improve system throughput. Different schemes for interference control may be defined for different types of LNB. For example, transmit power limitation can be applied to Femto cells, while it is not suitable for Hotzone cells. There have been some proposals for Femto cell in RAN4. Schemes for other kinds of LNB are FFS. In case the amount of interference is low, e.g. LNB is far from MNB or MUE, interference control schemes can be disabled. Hence, some proper measurements may be defined such that interference control is performed only when necessary and  the throughput of LNB can be consequently improved.
· In order to fully utilize LNB to improve system throughput, more UEs shall be associated with LNB. Hence, the cell selection algorithm shall be carefully considered. Although the cell selection algorithm shall be specified in RAN2, it affects the interference model for RAN1 analysis and performance evaluations. Therefore, some basic assumption shall be agreed, e.g., whether a UE shall be attached to the cell with the least pathloss or the highest SINR.

· Load balancing shall be considered between LNBs and MNBs in order to improve the system performance. Although it is mainly an implementation issue, some related measurements may be defined in RAN1.

4 Conclusions

In this contribution, we provide preliminary analysis for different heterogeneous deployment scenarios via link budget analysis. The results show that significant interference exists in several scenarios, e.g.
· Interference from MUE to LNB

· Interference from MNB to LUE

· Interference from LNB to MUE

We also discuss several key aspects that shall be studied for heterogeneous network, including
· Inter-site synchronization

· Interference control on control channels

· Interference control on data channels

· Access control between LNB and MNB

· Load balance between LNB and MNB
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6 Annex 
A: Link Budget Example

Figure 1 shows an example of heterogeneous network with one Femto eNB and one Macro eNB. Femto cell is open for MUE to access. The interference from MUE to LNB is evaluated by link budget calculation. Parameters for calculation can be found in Annex C.

The interference gets more severe when MUE is closer to Femto eNB. When MUE is located at the edge of the macro cell and close to Femto eNB, highest interference level is observed since MUE is transmitting with high Tx power due to its large distance from Macro eNB, as shown Figure 1(a). The interference level reduces when MUE is far away from Femto eNB. When MUE is located at the center of the macro cell and Femto eNB is located at the edge of the macro cell, the lowest interference is observed as in Figure 1(b).
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Figure 1(a): High interference case       

 Figure 1(b): Low interference case
	 
	Highest interference case
	Lowest interference case

	MNB-MUE distance (m)
	330
	35

	LNB-MUE distance (m)
	3
	300

	LNB signal receiver power (dBm)
	-77.55
	-77.55

	MNB signal receiver power target (dBm)
	-85.55
	-85.55

	MUE-MNB path loss (dB)
	110.00 
	73.36 

	MNB antenna gain (dB)
	14
	14

	MNB antenna direction gain (dB)
	0
	0

	MUE antenna gain (dB)
	0
	0

	MNB-MUE penetration loss (dB)
	0
	0

	MUE transmit power (dBm)
	10.44 
	-26.20 

	MUE-LNB path loss (dB)
	51.31 
	111.31 

	LNB antenna gain (dB)
	5
	5

	LNB antenna direction gain (dB)
	0
	0

	MUE antenna gain (dB)
	0
	0

	MUE-LNB penetration loss (dB)
	20
	20

	MUE interference power (dBm)
	-58.88 
	-155.52 

	LNB noise power (dBm)
	-82
	-82

	SNR (dB)
	-18.69 
	4.45 

	Heterogeneous interference over noise (dB)
	23.12 
	-73.52 


7 Annex 
B: Link Budget Results

7.1 Femto Cell with Macro Cell
	Interference scenario
	open cell
	CSG cell

	
	Heterogeneous interference over noise (dB)
	SNR(dB)
	Heterogeneous interference over noise (dB)
	SNR(dB)

	
	Highest interference case
	Lowest interference case
	Highest interference case
	Lowest interference case
	Highest interference case
	Lowest interference case
	Highest interference case
	Lowest interference case

	MUE->LNB
	23.12
	-73.52
	-18.69
	4.45
	98.40
	6.41
	-93.95
	-2.86

	LUE->MNB
	-12.57
	-95.53
	4.21
	4.45
	-3.54
	-95.77
	2.85
	4.45

	MNB->LUE
	58.63
	21.85
	-0.99
	82.10
	58.63
	21.85
	-10.02
	82.10

	LNB->MUE
	61.93
	-14.32
	-0.42
	14.61
	100.96
	45.61
	-75.71
	12.25

	MNB->LNB
	50.63
	13.75
	-46.19
	-9.48
	50.63
	13.75
	-46.19
	-9.48

	LNB->MNB
	32.63
	-4.01
	-28.19
	2.99
	32.63
	-4.25
	-28.19
	3.06

	MUE->LUE
	53.96
	-109.07
	-5.34
	103.97
	97.91
	24.62
	-49.30
	79.33

	LUE->MUE
	33.03
	-149.40
	12.65
	81.64
	56.55
	-35.70
	-31.04
	61.64


7.2 Hotzone Cell with Macro Cell
	Interference scenario
	Heterogeneous interference over noise (dB)
	SNR(dB)

	
	Highest interference case
	Lowest interference case
	Highest interference case
	Lowest interference case

	MUE->LNB
	5.61
	-52.81
	-2.22
	4.45

	LUE->MNB
	-5.63
	-8.43
	3.40
	3.87

	MNB->LUE
	62.16
	41.85
	-4.44
	1.56

	LNB->MUE
	68.20
	24.39
	-2.94
	14.61

	MNB->LNB
	63.53
	48.28
	-59.09
	-43.83

	LNB->MNB
	47.53
	32.28
	-43.09
	-27.83

	MUE->LUE
	49.44
	-86.25
	-10.71
	62.70

	LUE->MUE
	44.92
	-83.30
	5.29
	81.64


7.3 Pico Cell with Macro Cell
	Interference scenario
	Heterogeneous interference over noise (dB)
	SNR(dB)

	
	Highest interference case
	Lowest interference case
	Highest interference case
	Lowest interference case

	MUE->LNB
	24.44
	-67.52
	-20.01
	4.45

	LUE->MNB
	-15.29
	-71.53
	4.32
	4.45

	MNB->LUE
	58.63
	21.85
	-0.26
	56.10

	LNB->MUE
	39.65
	-11.32
	14.60
	14.61

	MNB->LNB
	57.63
	20.75
	-53.19
	-16.34

	LNB->MNB
	36.63
	-0.01
	-32.19
	1.44

	MUE->LUE
	70.81
	-109.07
	-40.53
	76.97

	LUE->MUE
	48.36
	-125.40
	-19.53
	81.64


8 Annex 
C: Parameters for Link Budget Analysis
Following parameters are mainly from [2], except those in section 8.3, which are from [5].

	MNB-UE path loss (dB)
	L=128.1+37.6*LOG10(d),d in km

	UE-UE path loss (dB)
	L=38.25+20*LOG10(d),d<=50
L=55.78+40*log10(d),d>50,d in m

	Inter-site distance (m)
	500

	Minimum distance between UE and MNB (m)
	35

	MNB transmit power (dBm)
	46

	UE transmit power (dBm)
	23

	MNB antenna gain (dBi)
	14

	UE antenna gain (dBi)
	0

	MNB noise figure (dB)
	5

	UE noise figure (dB)
	9

	Bandwidth (MHz)
	10

	Penetration loss (dB)
	20

	IoT (dB)
	9

	Average interference level
	50%


8.1 Femto Cell with Macro Cell
	MNB-LNB path loss (dB)
	L=128.1+37.6*LOG10(d),d in km

	LNB-UE path loss (dB)
	L=127+30*LOG10(d),d in km

	Minimum distance between UE and LNB (m)
	LUE-0.2 MUE-3

	Femto Cell Size (m)
	10X10

	LNB transmit power (dBm)
	20

	LNB antenna gain (dBi)
	5

	LNB noise figure (dB)
	13*


* This parameter is from [6].

8.2 Hotzone Cell with Macro Cell
	MNB-LNB path loss (dB)
	L=124.5+37.6*LOG10(d),d in km*

	LNB-UE path loss (dB)
	L=140.7+36.7*LOG10(d),d in km

	Minimum distance between UE and LNB (m)
	10

	LNB transmit power (dBm)
	30

	LNB antenna gain (dBi)
	5

	LNB noise figure (dB)
	5


* Path loss model of hotzone-macro is not provided in [2]. We use the path loss model of relay-macro of early edition instead. 

8.3 Pico Cell with Macro Cell
	MNB-LNB path loss (dB)
	L=128.1+37.6*LOG10(d),d in km*

	LNB-UE path loss (dB)
	L=128+30*LOG10(d),d in km

	Minimum distance between UE and LNB (m)
	2

	Pico Cell Size (m)
	100X100

	LNB transmit power (dBm)
	24

	LNB antenna gain (dBi)
	5**

	LNB noise figure (dB)
	6


* Path loss model of pico-macro is not provided in [5]. We use the path loss model of femto-macro instead.
** In [5], LNB antenna gain is 0dBi or 2dBi. In order to compare with femto and hotzone, we use 5dBi instead.
_1315405813.vsd
Macro eNB


MUE


Femto eNB


LUE


L=2/3ISD



_1315405812.vsd
Macro eNB


L=2/3ISD


MUE


Femto eNB


LUE



