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1. Introduction

In dense small cell deployments, due to the irregular deployment and overlapped coverage, the inter-cell interference (ICI) among the small cells becomes a significant limitation to both cell coverage and network capacity.
Thus it is important to consider interference mitigation techniques for such small cell scenarios if good performance is to be achieved.
In this contribution, we consider various interference mitigation techniques for DL and UL.

2. DL Interference Mitigation

Many DL interference mitigation methods have already been discussed during the evolution of Rel-10 eICIC, Rel-11 FeICIC and CoMP. For the Rel-12 SI, the focus is on methods that are specifically relevant to dense small cell deployments, such as power optimization, small cell on/off, UE association enhancement and CS/CB operation with non-ideal backhaul. 

In the following sections, these methods are studied under the agreed scenarios for Rel-12 small cell enhancement. For some methods, preliminary evaluation results are also provided. 

2.1. Power Optimization

Different from the interference conditions studied in Rel-10/11 eICIC and Rel-11 CoMP, the inter-cell interference among the small cells themselves becomes a major influence on performance in dense small cell deployments. Since the macro cells are assumed to provide the coverage layer for the network, transmission power optimization can be considered for small cells as an interference mitigation technique. 
Downlink power optimization can be designed in a cell-specific way or a UE-specific way. 
For cell-specific power optimization, each cell’s transmitted PSD across the system bandwidth is roughly flat, and it can be modified based on the cell coverage, traffic load, interference status and any other factors considered to be relevant. Some coordination may be needed between cells. 
For UE-specific power optimization, the small cell adjusts the transmission power per transport block and may include dynamic blanking at the PRB level. More coordination would be needed for such an approach. 
Figure 1 shows the geometry distribution with cell-specific power optimization in SCE scenario #1 with 2 small cell clusters and 60 UEs in the geographical area of each macro cell, 10 small cells per cluster, 20dBm~30dBm power setting for optimal power allocation and 30dBm for fixed power allocation. The power level of each small cell is selected so as to approximately maximise the  sum capacity across the whole system.  It can be observed that the long-term SINR distribution of all UEs can be significantly improved especially for dense small cell deployments.
Observation 1: Semi-static optimization of the maximum power spectral density for each small cell can improve significantly the geometry distribution in dense small cell deployments.
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Figure 1 Geometry distribution for transmission power optimization in SCE scenario #1
2.2. Small Cell On/Off

Small cell on/off can be viewed as an extreme case of power optimization in which the power may be set to zero. By switching off some small cells that have low or zero traffic load, the inter-cell interference may be reduced for other small cells. The key to achieving a net gain in performance from switching off small cells will be to define an effective switch-on/off criterion. Switching off small cells may also be beneficial for energy saving. 
Figure 2 shows a performance evaluation for small cell on/off in scenario #2a. In the simulation, here each Macro cell has only one cluster with 10 small cells. Besides, slightly different from the agreed simulation assumptions, in order to show the potential performance gain of small cell on/off in full buffer mode, 40 UEs instead of 60 UEs are deployed per macro cell geographical area. An exhaustive test is used to find the on/off combination of all the small cells that gives maximises the total capacity. Based on this preliminary result, we can observe that 

Observation 2: Small cell on/off can mitigate inter-cell interference for dense small cell scenarios, especially with low traffic and low numbers of UEs. 
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Figure 2 Performance evaluations for small cell on/off
2.3. Cell Association 
In eICIC, biased cell association is used to move more UEs to be served by picocells. For Rel-12 SCE scenarios, it is also reasonable to bias the cell association criterion to push more UEs to be served by the small cells instead of the macro cell. 
For the purpose of this evaluation, we use a combination of RSRP and RSRQ for the UE association: the maximum RSRQ criterion is used for inter-frequency cell selection, while the maximum RSRP criterion is used for intra-frequency cell selection. A biasing value is applied to the RSRQ criterion for the inter-frequency selection between the macro and small cell layers in order to achieve load balancing. 
Table 1 shows the performance in SCE scenario #2a with a common bias value for all the small cells. These simulations use 1 small cell cluster and 30 UEs in the geographical area of each macro cell, 10 small cells per cluster and 37dBm transmission power for the small cells. Corresponding geometry distributions are shown in Figure 3. 
From these simulation results, we can observe that increasing the bias is beneficial for improving the performance of the whole network. Figure 3 shows the geometry distributions corresponding to Table 1.; although the geometry is worse with a high bias setting, the UE throughputs are improved due to there being more scheduling opportunities than when more UEs are associated with the overloaded macro cell.      
Observation 3: Biased cell association in favour of the small cells is beneficial for increasing system throughput also in dense small cell deployments on a separate carrier from the macro. 
Table 1 Performance of cell selection with RSRP for intra-frequency, RSRQ for inter-frequency
	Bias setting
	0dB
	2dB
	4dB
	6dB
	8dB
	9dB
	10dB

	Cell average SE (bps/Hz/sector)
	14.79
	15.75
	16.40
	17.00
	17.40
	17.41
	17.37

	Cell-edge SE (bps/Hz/UE)
	0.035
	0.050
	0.072
	0.088
	0.107
	0.107
	0.109

	Number of macro UEs per sector
	19.1
	16.5
	14.0
	12.3
	9.9
	8.5
	7.5

	Number of small-cell UEs per sector
	10.9
	13.5
	16.0
	17.7
	20.1
	21.5
	22.5
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Figure 3 Geometry distributions for cell selection with different bias settings in SCE scenario #2a 

3. UL Power Control Enhancement for Interference Mitigation
UL power control is essential to control the UL inter-cell interference (ICI).

As discussed in [1], the current UL fractional power control (FPC) mechanism applied directly to small cell scenarios may face four main challenges, namely low correlation between the PL to the serving cell and the generated ICI, ICI fluctuations due to dynamic scheduling, PL imbalance for the macro-UEs in the vicinity of small cells, and the potential power control avalanche effect resulting from lack of cooperation between neighboring cells for power control.  

In this section we discuss some possible enhanced UL power control solutions for small cells corresponding to two different design targets.

2.1. UL power control for single-point reception
It is well known that FPC depends on only a measurement of the PL from the desired UE to the serving cell, under the assumption that there is a correlation between being close to the serving cell and being far away from neighboring cells.  Under this assumption, the cell-center UEs have a higher received SINR target than the cell-edge UEs.  However, in dense deployments of small cells and scenarios with correlated shadowing, this assumption is not always true.  It has been observed in [3] that for UEs with the same PL to the serving cell, the interference they generate differs widely.  Thus just tracking the PL to the serving cell is not enough for UL power control schemes to suppress the inter-cell interference (ICI) in dense small cell deployments.  We consider some possible solutions to enhance the UL power control to overcome these problems.
Solution 1:  Considering the PL to the neighboring cells
One possible solution is to take the PL to the neighboring cells into account as an indicator of how the transmit power is related to the UE generated interference at the neighboring cells, i.e., the interference potential.  Two alternatives of the PL to the neighboring cells are considered in this solution.
· Alt1: This PL can be the PL to the most strongly interfered neighboring cell.  For example, the well-known pathloss difference (PLD) based UL power control as proposed in [2].
It is necessary to determine which neighboring cell is suffering the strongest interference from the desired UE, which could be the neighboring cell with the smallest PL from this UE or the neighboring cell experiencing the highest average interference.  
If the most strongly interfered neighboring cell is determined according to the smallest PL from the desired UE, multiple PLs to several neighboring cells should be measured, which could be derived through RSRP values. 
If the most strongly interfered neighboring cell is determined corresponding to the highest average interference, suitable interference measurement and calculation methods should be studied.

· Alt2: This PL can be the aggregated PL to multiple neighboring cells.
The aggregated PL to the neighboring cells could a function of the harmonic average of individual PLs to several considered neighboring cells.  It is particularly suitable for the severely overlapped small cell deployment, where there are multiple strongly interfered neighboring cells.  Similarly, the individual PL to the neighboring cell could be measured based on its RSRP value.
This solution can achieve a good tradeoff between the received signal strength and the generated ICI by considering both the PL to the serving cell and the PL to the neighboring cells.  Although it could address the issues of less correlation between the PL to serving cell and the generated ICI and ICI fluctuation, the other issues including PL imbalance and avalanche effect cannot be solved efficiently, which are seldom dependent on the PLs. 
Solution 2: Considering the target interference spectral density
An alternative is to attempt to set a target maximum interference spectral density for the neighboring cells for each UE, i.e., set a level of interference density that UEs need to comply to.  The target interference spectral density could be configured by network according to the target IoT value for instance.  It could be taken into account in setting the value of P0, and this may mean that the dynamic range of P0 would have to be reevaluated.  Since it is a long-term target value, the real interference spectral density varies around this value due to fast fading and dynamic scheduling.  But the interference level should converge to this target by power adjustment.  
This solution is beneficial for IoT control through limiting the target interference density.  It can reduce and stabilise the ICI levels, i.e., reduce the average and variance of ICI simultaneously.  The strong interference that small cells suffered from nearby macro-UEs due to PL imbalance could be suppressed.  The avalanche effect should also therefore be impaired. 
Solution 3: Considering both the PL to the neighboring cells and the target interference density
To mitigate the UL interference systematically, we consider introducing both solution 1 and solution 2 simultaneously, i.e., the PL to the neighboring cells and the target interference density, to tune UL transmit power.  This can achieve all the benefits of Solution 1 and Solution 2, at the cost of implementation complexity and signaling overhead.
Observation 4:  Study mechanisms to enhance UL power control mechanism taking into account the PL to neighbouring cells and/or the interference caused to neighbouring cells.  
2.2. UL power control for multi-point joint reception

Due to the introduction of UL CoMP, the signals from the desired UE to the neighboring cells could be utilized as a useful signal rather than the interference.  The design target of the classic UL power control increasing the received signal power at the serving cell while reducing the interference at neighboring cells is not suitable for multi-point joint reception.

The critical issue of UL power control mechanisms for multi-point joint reception is the effective PL calculation.  We have considered two alternatives of effective PL in our previous contributions [4][5]

 REF _Ref355910736 \r \h 
[6].
Alt 1: a function of harmonic average of individual PLs to neighboring cells

Alt 2: the maximum value among all PLs to neighboring cells.

These approaches are opposite in their effect and need further study.
4. Conclusions

In this contribution, we have discussed the interference mitigation techniques for both DL and UL in small cell scenarios.  Based on the simulation results or analysis, we make the following observations: 
Observation 1: Semi-static optimization of the maximum power spectral density for each small cell can improve significantly the geometry distribution in dense small cell deployments.
Observation 2: Small cell on/off can mitigate inter-cell interference for dense small cell scenarios, especially with low traffic and low numbers of UEs. 
Observation 3: Biased cell association in favour of the small cells is beneficial for increasing system throughput also in dense small cell deployments on a separate carrier from the macro. 
Observation 4:  Study mechanisms to enhance UL power control mechanism taking into account the PL to neighbouring cells and/or the interference caused to neighbouring cells.  .
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Annex
Table 2 Simulation assumptions for SCE scenario #1 and scenario #2a evaluations

	Parameter
	Values used for evaluation

	Performance metrics
	Full buffer traffic: Cell capacity, Cell-edge user throughput

	Deployment scenarios
	SCE Scenario #1 and Scenario #2a 

	Layout
	· Macro cell: hexagonal grid, 7 Macro sites and 3 sectors per site. 

· Small cell: clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth per carrier
	10 MHz 

	Carrier frequency
	· Macro cell: 2GHz

· Small cell: 2GHz or 3.5GHz

	Carrier number 
	1 or 2

	Distance-dependent path loss
	· ITU UMa for macro cell and ITU UMi for small cell.

· 3D distance between an eNB and a UE applied

	Penetration
	Outdoor UEs: 0dB

Indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	Shadowing
	ITU UMa for macro cell and ITU UMi for small cell

	Antenna pattern
	Macro cell: 3D,  referring to TR36.819
Small cell: 2D Omni-directional

	Antenna Height
	25m for macro cell and 10m for small cell

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi for macro cell and 5dBi for small cell

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa for macro cell and ITU UMi for small cell

	Antenna configuration
	2Tx, 2Rx, cross-polarized

	Number of cluster per macro cell geographical area
	1, 2

	Number of small cells per cluster
	4 or 10

	Number of UEs per cell
	30, 40 or 60 UEs per macro cell geographical area

	UE dropping
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m

	Radius for UE dropping in a cluster
	70m

	Total BS Tx power (Ptotal per carrier)
	Macro cell: 46 dBm in a 10MHz carrier
Small cell: 30 dBm or 37 dBm for fixed Tx power; 20~30 dBm for optimized Tx power.

	Minimum distance (2D distance)
	Small cell – small cell: 20m

	
	Small cell – UE: 5m

	
	Macro – small cell cluster center: 105m

	
	Macro – UE : 35m

	
	Cluster center – cluster center: 2x Radius for small cell dropping in a cluster

	Traffic model
	Full buffer 

	Possible transmission schemes in DL
	· SU-MIMO with rank adaptation

· SU-MIMO with rank-1
· SU-MIMO-based CS with rank-1

	Network synchronization
	Synchronized

	Feedback scheme (e.g. CQI/PMI/RI/SRS)
	Period of 5ms, and the delay of 6ms

Wideband PMI (R8 codebook), 5PRB-subband CQI

	CQI out-loop control
	Support

	Channel estimation
	Non-ideal. Channel estimation error based on CSI-RS

	UE receiver
	Generic MMSE receiver

	UE noise figure
	9dB

	UE speed
	3km/h

	DL overhead assumption
	Fixed 0.3063

	Cell selection criteria
	RSRP for intra-frequency and RSRQ for inter-frequency, with cell common bias if CRE is applied.

	Backhaul assumptions
	Ideal backhaul

	Link adaptation
	Non-ideal
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