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1 Introduction
In Small Cell Scenario 2a and 2b, macro cells and small cells are operated on different frequencies. In Small Cell Scenario 3, there is no macro cell. Hence, macro cells are not causing any interference to small cells in these scenarios. In contrast to Rel-10/11 studies, the small cells are deployed in clusters which yield increased local small cell densities. The effect is that neighbouring small cells can be dominant interfering cells for other co-channel small cells. During Rel-10/11, the small cells were basically victims of interference from macro cells. Mutual interference between small cells could be neglected more or less. This is an important difference compared to Rel-10/11 HetNet scenarios.
Inter-cell interference coordination (ICIC) among small cells can be realized by time domain and/or frequency domain in addition to adjusting the transmit power. In time domain, ICIC strategies can be distinguished depending the time period of ON/OFF switching with respect to interference generating data transmissions. Currently discussed time domain approaches comprise (with increased frequency of ON/OFF switching) small cell dormancy, small cell DTX, and ZP-ABS patterns. 
ICIC by means of transmit power reduction in terms of LP-ABS patterns has basically the merit of reducing the sensitivity to potentially sub-optimal ABS ratio settings due to imperfect traffic load predictions [3]. This is especially important under the assumption of non-ideal backhaul conditions. We categorize downlink power control techniques based on mobility impact and time scale perspective in [5].
In this contribution, we present and discuss the following:
- A preliminary UE throughput estimation for time domain ICIC based on ZP-ABS patterns
- A preliminary evaluation of cell range adaptation based on traffic load
- Potential specification impact for ICIC schemes in the small cells
2 Discussion
2.1 Evaluation of ICIC based on ZP-ABS Patterns
Time domain ICIC can increase the small cell SINR by reducing the mutual interference in certain subframes. However, the use of ABS patterns yields at the same time a reduction of resource that can be used for data transmissions. 
This means that there is basically a twofold effect of using ABS patterns. On the one hand side, reducing the mutual interference on certain subframes results in an increased SINR on these very subframes on the interference victim side. On the other hand, the absolute number of subframes available for data transmissions will be reduced on the interferer side. Details studies during Rel-10/11 have already shown that this trade-off has to be checked carefully in order to draw valid conclusions regarding the expected overall system performance. From the resource availability perspective, LP-ABS has the merit that all subframes can always be used for data transmissions. This translates to the merit of reducing the sensitivity to sub-optimal ABS ratio settings due to imperfect traffic load predictions [3]. But LP-ABS introduces an additional degree of freedom compared to using ZP-ABS, which increases the complexity of parameter optimization. 
In the following we evaluate the relation between small cell SINR improvement by using ABS patterns and a corresponding preliminary UE throughput estimation taking into account SINR improvement, increased resource scarcity due to using ABS patterns and resource sharing between UE attached to the same cell. 
In this contribution, we evaluate only the small cell layer in Scenario 2a. The deployment comprises one small cell cluster per macro cell area, 10 small cells per cluster and 40UEs per cluster. Cell association has been performed based on RSRP. Further simulation assumptions are given in the Annex.
SINR Evaluation:
At first, we obtain the long term SINR distribution with different ZP-ABS pattern assignments to small cells within a small cell cluster. The ABS patterns are aligned in a way so that in each subframe only a certain number of small cells will be active within a cluster. The second condition is that all small cells can use the same amount of resources (regular subframes), which means that all small cells are operated with the same ABS ratio. We assume ten small cells per small cell cluster throughout the study. For the sake of analytical manageability we define a resource availability parameter R which corresponds to 1 minus ABS ratio.
Following three configurations are evaluated: 
- The resource availability parameter R is set to 1 which means that all small cells can use all subframes for data transmissions. This configuration does therefore not apply any time domain ICIC.
- The resource availability parameter R is set to 1/2 for each small cell. For that purpose, the two ABS patterns shown in Figure 1 are randomly assigned to the small cells. One half of the small cells in a cluster use Pattern A, and the other half use Pattern B. 
- The resource availability parameter R is set to 1/5 for each small cell. The five ABS patterns shown in Figure 2 are randomly assigned to the small cells. Each of the five ABS patterns is used by two random small cells within a cluster
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Figure 1: Small cell cluster with resource availability R=1/2
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Figure 2: Small cell cluster with resource availability R=1/5
Figure 3 show the long term SINR of small cell UEs in Scenario 2a with different numbers of active small cells in a cluster, which are 10 (R=1), 5 (R=1/2), and 2 (R=1/5). 
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Figure 3: Small cell UE long-term SINR distribution depending on resource availability parameter R
UE Throughput Estimation:
As the second step we perform a preliminary UE throughput estimation based on the above long-term SINR distribution and the Shannon equation for capacity. This calculation is done under the assumption that we have full buffers in all UEs and that each UE gets in the long term the same amount of resources..
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is the number of UEs associated to the small cell that serves UE i.
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Figure 4 shows CDF of the estimated UE throughput for small cell UEs for different resource availability parameter settings (R=1, R=1/2, and R=1/5). The results reveal that a reduced resource availability reduces the throughput compared to the case with full resource availability (R=1). This shows that the loss of usable resources clearly outweighs the impact of increase SINR levels on available resources. This observation has also been made during Rel-11 feICIC studies. Using ZP-ABS is only reasonable in case of using CRE bias
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Figure 4: Small cell UE throughput estimation depending on resource availability parameter R
As a conclusion of the achieved observations, it can be said that resource scarcity introduced due to the use of ZP-ABS patterns for small cell interference coordination might actually result in throughput reductions even if the SINR itself is increased. The proper setting of ABS ratios is therefore of significant importance.
In this evaluation, all small cells use same ABS ratio since we assume full buffers in all UEs. In case of fluctuating traffic loads (i.e. based on FTP), the resource availability parameter R should be adjusted depending on traffic load (corresponding the number of UEs associated to a small cell). In the next section, a simplified evaluation of resource adjustment based on the traffic load is described. 
2.2 Evaluation of the resource adjustment based on the traffic
In this section, we evaluate the UE throughput estimation in case of resource adjustment based on traffic load. It is assumed that the small cell traffic load corresponds to the number of associated UEs. All time/frequency resources are available for all small cells, but the small cell transmit power resource is adjusted depending on the number of associated UEs. This results in a flexible small cell size. Transmit power reduction results in cell shrinking and transmit power increase results in cell grows.

The transmit power adaption is done in the following way:

The small cell transmit power is reduced by ∆P = 3,6 or 9 dB if less than 3 UEs are associated to that cell.  Note that 40 UEs per cluster and 10 cells per cluster were evaluated. Therefore, the average number of UEs in a cell is four. 
SINR Evaluation:
First we obtain the long term SINR distribution. The cell association is based on RSRP without power control. Further simulation assumptions are same as section 2.1.
Figure 5 shows the long term SINR of Scenario 2a with different power control parameters ∆P. We can see that variance increase of SINR in power control cases. 
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Figure 5:Small cell long-term SINR distribution depending on the small cell power reduction parameter  ∆P
UE Throughput Estimation:
As the second step we perform a preliminary UE throughput estimation based on the above long-term SINR distribution and the Shannon equation for capacity.  This calculation is done under the assumption that we have full buffers in all UEs and that each UE gets in the long term the same amount of resources.
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Figure 6 shows the corresponding CDF of the estimated small cell UE throughput and Table 1shows average small cell UE throughput estimation.
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Figure 6: Small cell UE throughput estimation depending on power reduction parameter ∆P
Table 1 Small cell average UE throughput estimation
	power reduction parameter ∆P
	average UE throughput

	∆P = 0
	8.79Mbps

	∆P = 3
	8.80Mbps（+0.03%）

	∆P = 6
	8.69Mbps（-1.2%）

	∆P = 9
	8.48Mbps（-3.5%）


The results show that to adjust resource size (i.e. power in this evaluation) based on the traffic is useful. In 50% UE throughput, the power control with ∆P = 6dB and 9dB have 11% throughput gain compared to no power control case. In 5% UE throughput, the power control with ∆P = 3dB and 6dB have 20% throughput gain in spite of shrinking cell has low SINR. It is because that the shrinking cell has sufficient resources are still available. From results of average UE throughput, we can see that the average throughput is slightly decreased by increasing ∆P. It is because higher than 80% UE throughput is decreased by transmit power reduction.
2.3 Discussion on ICIC Scheme for Small Cells
From the results of previous sections, we observed following:
· Just improving the SINR by means of resource blanking (e.g. with ABS) is not sufficient since the introduced resource scarcity has to be taken into account
Adjusting amount of used resources based on the traffic load fluctuations is useful, In the evaluation of Section 2.2, we use the power resource adjustments to the traffic load distribution. However, the dynamic traffic load based resource adjustment could furthermore be performed in time and frequency domain as well. Keep in mind that the time domain ICIC strategy discussed in Section 2.1 was not based on dynamic adaptation but on assigning fixed ZP-ABS patterns to small cells. Adjusting the number of small cell associated UE itself could additionally be utilized in order to equalize the traffic load among small cells. 
Comparison of time domain ICIC and frequency domain ICIC 

If time and/or frequency resources are adjusted in terms of transmission power, it has to be decided which resources should be used for that adjustment. 
Time domain based ICIC would have the benefit of the network energy saving especially when the transmission power is set to zero. It could be more natural extension of (f)eICIC schemes. The sensitivity of the UE throughput performance on the ABS ratio is a critical part if the use of ZP-ABS is intended. Applying such a strategy in case of TDD or non-CA based time-switched dual connectivity could actually imply even more severe restrictions. The possibility of applying such a strategy for eIMTA needs further evaluation.

Frequency domain ICIC is expected to show benefits especially in combination with EPDCCH. The ICIC granularity is here rather flexible; it could be based on PRBs, RBGs and/or component carriers. The degree of power control flexibility is restricted by the dynamic range of eNB transmitter. This result especially in case of BCT is severe restriction.
We think some kind of the combined frequency and time domain ICIC would be required but the exact scheme needs further discussion.

Signalling for ICIC
The backhaul signalling for ICIC depends on the small cell architecture discussion in RAN2. 
If centralized coordination can be performed for example by macro eNBs, there is less specification effort required since the ICIC algorithm itself would basically be subject to macro eNB implementation.. 
If distributed coordination by small cells is required, some more signalling and some more assumption on how to coordinate the time/frequency resource would be required. One of possible distributed coordination method would be the resource usage priority is given by cell ID. If the cell has light traffic load, the cell utilize higher priority time and/or frequency resource only. If the cell has heavy traffic load, the cell utilize also lower priority time/or frequency resources in addition to high priority resources. As the priority of resource usage is given by the cell ID, the probability of the resource collision among different cell ID would be reduced. The small cell would be able to know the cell ID of the neighbour cells. Then the small cell would be possible to schedule a UE on only less interfered resources for the UE. The traffic load situation needs to be shared among small cells via backhaul.

Signalling for CC based ICIC depends on the discussion on CC based ICIC WI in RAN3
CSI feedback
Regardless of time/frequency domain coordination, we see some enhancement of CSI feedback is necessary. Compared with macro-small cell interference situation, ICIC would be multiple small cells relation. Therefore, two resource based CSI feedback (i.e. high interference situation of CSI feedback (i.e. CSI in non-ABS subframe) and low interference situation of CSI feedback (i.e. CSI in ABS subframe) might not be sufficient in order to take into account multiple small cell relations. It would be useful to use the scheme discussed/adopted in CoMP. In addition, CSI feedback emulated by UE with multiple measurements of NZP-CSI-RS would be worth to be evaluated. 
3 Summary
In this contribution, we have shown preliminary UE throughput estimation for time domain ICIC based on ZP-ABS patterns and dynamic resource adaptation based on traffic load.

Based on the presented results, we draw following conclusions:

· Just improving the SINR is not sufficient, the impact of additionally introduced resource scarcity due to ICIC has to be taken into account. Adjust resource usage based on traffic load fluctuations is useful for improving the UE throughput performance 
Further discussions on small cell ICIC are necessary with regard to following topics:,
·  For inter-cell interference coordination, some kind combined frequency and time domain ICIC would be required. If centralized coordination is possible, there is less specification effort required in terms of signalling since the ICIC algorithm itself would basically be subject to macro eNB implementation. If distributed coordination between small cells is required, some more signalling and some more assumption on how to coordinate the time/frequency resource would be required.
· For CSI feedback, it would be useful to use the scheme already discussed/adopted for CoMP. In addition, CSI feedback emulation by UEs with multiple measurements of NZP-CSI-RS would be worth to be evaluated.
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Annex A – Simulation Assumptions
Table 2  Simulation Assumptions

	Simulation parameters
	Value

	Deployment 
	Scenario 2a
Outdoor small cell cluster, 1 cluster per macro cell area
10 small cells per cluster
40UEs per cluster

	Layout
	Full buffer:  19 cell sites – 57 macro cells (ISD 500m)

	Channel model
	based on [4]

	Carrier frequency
	3.5 GHz for small cell

	Tx power
	Small cell   30dBm 

	CRS
	CRS is not taken into account in the evaluation 
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