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1 Introduction
In RAN1#72bis meeting, candidate techniques for further study on ICIC in small cell SI [1] are discussed and listed as follows
· Small cell on/off

· Enhanced power control/adaptation (for both downlink and uplink)
· Enhancement of frequency domain power control (e.g., RNTP) and/or ABS to multi-cell scenarios, including consideration of EPDCCH

· Load balancing/shifting (including cell association) 

· Coordinated scheduling and beamforming with non-ideal backhaul
This contribution discusses the benefits and use cases where enhancement of frequency domain ICIC such as RNTP can be considered, particularly with the consideration of utilizing EPDCCH in small cell scenarios. 
2 Analysis on small cell interference
Fluctuating interference level from multiple neighbour cells and varying traffic is considered as one of key differences from pervious HetNet scenarios in small cell SI. The fluctuation would be increased as the density of small cell and variance of traffic load increase. Figure 1 shows a simple example of traced SINR in small cell scenario 2A where SINR change of a selected small cell UE is illustrated. 
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Figure 1. Average SINR at a UE over time

As shown in the result, overall fluctuation of SINR due to varying interference level over short-time scale is shown at a small cell UE. Given that the number of UE attached to the small cell is very small (in the result, only one UE is being serviced by the associated small cell), mainly the different interference level occurs due to dynamic activity of neighbour cells. 

Due to high interferences from neighbour cell on PDCCH region, especially when small cells are synchronized, it is expected that utilizing EPDCCH in a dense small cell scenario is desirable [2]. If PDCCH is used, a time-domain ICIC should be considered. In particular, EPDCCH-only operation is used such as in new carrier type, and thus further consideration on EPDCCH protection is necessary for efficient small cell operation. 

Observation 1: EPDCCH operation is essential for efficient small cell operation. 
As interference level fluctuates, the desired aggregation level for an EPDCCH dynamically as well. To support reasonable reliability of EPDCCH, eNB may select the aggregation level conservatively based on CSI feedback from an UE. In the case where interference level fluctuates, it is likely that higher aggregation level will be selected even with temporal good channel quality. To allow eNB to select lower aggregation level, it is necessary to maintain reasonable interference level such that overall CSI measurement can be stabilized. For the same UE, estimated potential aggregation level on EPDCCH based on SINR is shown in Figure 2. In the analysis, it is assumed that EPDCCH PRBs with distributed EPDCCH configuration are spread over the entire system bandwidth. 
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Figure 2. Aggregation level for the same UE over time
As shown in the result, the aggregation level of EPDCCH is varying over time. The interference fluctuation would become more severe as the number of small cell UEs or the density of small cell increases. 
Observation 2: Required aggregation level of distributed EPDCCH in a small cell is varying over time. The percentage of higher aggregation level such as AL = 8 or 16 for a small cell UE is not negligible. 
Another example is shown with localized EPDCCH configuration. Table 1 shows the summary of percentage of required aggregation level of 8 and 16 assuming EPDCCH is transmitted two or four PRBs per sub-band (where 6PRBs belong to each subband with 50PRBs system bandwidth) for small cell and macro cell using scenario 2A with ( = 10.  As shown in Table 2, the resource utilization of small cell is much lower than macro cell, however, the percentage of requiring higher aggregation level is much greater in small cell. In other words, overall SINR experiences by small cell UEs is higher than that by macro cell UEs due to inter-cell interferences. This indirectly implies that potential gain is much higher in small cell by performing ICIC compared to macro layer. Furthermore, the percentage of AL = 16 in small cell is not negligible without appropriate ICIC technique applied. 
Table 1. Percentage of Required Aggregation Level if configured in each sub-band
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Table 2. Resource Utilization and User Throughput for Scenario 2A
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As shown in the results, the overall condition to utilize EPDCCH in small cell layer is a bit worse compared to macro layer, even though overall resource utilization is much lower and the number of UEs served by a small cell is much smaller than macro layer. In other words, the impact from neighbour cells interference should be handled properly to achieve good system performance. Particularly, if EPDCCH CSS is considered, protection of EPDCCH CSS PRBs should be considered. 
Observation 3: The percentage of higher aggregation level such as AL = 8 or 16 is not negligible in small cell layer even with very low resource utilization. 
A straightforward ICIC technique applicable to EPDCCH protection is Rel-8 RNTP potentially with time domain ICIC. However, there are a couple of limitations in Rel-8 RNTP technique used for EPDCCH protection. First, applying RNTP is totally up to eNB even though a set of PRBs are configured with RNTP, and thus there will be no guarantee that the eNB will meet the limited power in every subframe. In case eNB schedules EPDCCH in a subset of PRBs configured for RNTP, the limited power may not be satisfied. Moreover, RNTP configuration can be changed anytime and thus selecting a set of PRBs based on neighbour cells’ RNTP configurations may not be so effective to maintain stable interference level. 
Observation 4: Rel-8 RNTP mechanism may not be sufficient to address control channel protection.  
3 Design considerations

To mitigate the mentioned limitations of RNTP, a few alternatives can be considered. First approach is to exchange a list of PRBs used for EPDCCH among cells so that neighbour cells may limit the power on those PRBs to reduce the interference. Secondly, a coordination on EPDCCH PRBs can be performed such that the same set of PRBs are used for EPDCCH transmission among cells within a group/cluster where PDSCH may not be scheduled in those PRBs and EPDCCH transmission coordination among multiple cells can be performed by time-domain ICIC. If time-domain ICIC among neighbour cells is used, multi/cross-subframe scheduling can be considered to maximize the user throughput. Thirdly, we can consider a separate set of RNTP configuration which can be reconfigured semi-statically and each eNB keeps the power in those configured PRBs to the configured level. With some assurance of low level interference at a set of PRBs, each eNB may select a set of PRBs for EPDCCH based on neighbour cells’ semi-static RNTP configurations. 
Proposal 1: Protection of control channel by enhanced ICIC technique should be considered for efficient small cell operation. 
Additionally, to support efficient EPDCCH operation in small cell scenarios, some further study on the performance of EPDCCH when it collides with neighbor cell’s EPDCCH or PDSCH is necessary. In particular, the collision of DM-RS ports among neighbor cells EPDCCH transmissions needs to be investigated. 

4 Conclusions

This contribution discusses use cases where current RNTP may not be so effective and proposes to consider further enhancements on frequency domain ICIC technique. 

Observation 1: EPDCCH operation is essential for efficient small cell operation.

Observation 2: Required aggregation level of distributed EPDCCH in a small cell is varying over time. The percentage of higher aggregation level such as AL = 8 or 16 for a small cell UE is not negligible. 
Observation 3: The percentage of higher aggregation level such as AL = 8 or 16 is not negligible in small cell layer even with very low resource utilization. 
Observation 4: Rel-8 RNTP mechanism may not be sufficient to address control channel protection.  
Proposal 1: Protection of control channel by enhanced ICIC technique should be considered for efficient small cell operation. 
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Appendix
Table 3 shows the simulation assumption used for interference analysis. 

Table 3. Simulation assumptions for system level simulation
	Parameters
	Assumptions

	Scenario
	Scenario #2a

	Number of macro site
	7

	System bandwidth per carrier
	10 MHz

	Total Small cell TX Power
	30 dBm

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Distance-dependent path loss
	ITU model as baseline

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.

	Cell association
	Based on realistic RSRQ, 

	Scheduling
	PF

	Traffic model
	FTP Model 1 as in TR 36.814

	Arrival rate
	10

	UE receiver
	MMSE-IRC

	Antenna configuration
	2Tx2Rx in DL, cross-polarized


Table 4 shows the evaluation results on minimum required SINR to achieve target bit error rate with distributed and localized EPDCCH configuration. 

Table 4. Minimum required SNR [dB] to achieve target BLER
	Aggregation level
	1
	2
	4
	8

	Distributed EPDCCH
	8.9 dB
	2.2 dB
	-1.0 dB
	-3.8 dB

	Localized EPDCCH
	4.9 dB
	0.3 dB
	-2.2 dB
	-5.4 dB


Table 5 shows the simulation assumptions used for minimum SNIR requirement summarized in Table 3. 

Table 5. Simulation assumptions used for target BLER estimation[image: image5.wmf]Link level simulation
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