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1 Introduction

The recent way forward agreement in RAN1 has recognized TDM-based eICIC schemes as one of the baseline solutions for both Macro-Femto and Macro-Pico scenarios [1].

· Macro-Femto: 
· Baseline
· No backhaul coordination
· Reflects RAN3 status 
· Time-domain/power setting solutions
· Support for restricting RLM/RRM/CSI measurements at the UE to certain resources 
· Macro-Pico: 
· Extend Rel 8/9 backhaul based ICIC to include time domain component
· Baseline
· Coordination of almost blank subframes 
· Support for restricting RLM/RRM/CSI measurements at the UE to certain resources 
· The gains with cell range expansion (CRE) are still FFS in RAN1 and RAN4 will not start working on CRE enablers unless gains are concluded by RAN1
· No additional support shall be assumed in Rel-10 for cell range expansion beyond what is already possible in Rel-8
The impact on legacy UEs is recognized as an important aspect of the current TDM eICIC studies [2]. Although legacy Rel. 8/9 will not benefit from implementation of future TDM eICIC solutions, any adopted solution shall support full backward compatibility with legacy Rel. 8/9 UEs.
In this contribution, we investigate the effect of the TDM-based eICIC schemes on legacy UE measurements. More specifically, we study the impact of the TDM-based eICIC on RLF and throughput performance of a victim Rel. 8/9 MUEs. We performed our simulations under different Usage Ratio (UR) and interference assumptions. These results could be used as a guideline for designing usage patterns and performance testing.
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Figure 1 – Interference on a Rel. 8/9 UE in a Heterogeneous network
2 TDM-based eICIC
In this Tdoc, we are interested in evaluating the impact of interference experienced by a Rel. 8/9 MUE in a heterogeneous network. Figure 1 illustrates the case where a Rel. 8/9 Macro UE suffers from severe interference caused by the nearby CSG cell. In this scenario, despite experiencing a better RSRP measurement of the CSG, the victim Rel. 9/8 MUE is prohibited from selecting the CSG cell.  

While TDM-based eICIC would mitigate the interference problem for Rel. 10 operation, it could impact the operation of a legacy Rel. 8/9 MUE under certain conditions. Figure 2 shows the TDM-based eICIC scheme using almost blank subframes [3]. In this scheme, Rel. 10 Macro and Non-Macro eNBs coordinate their operation by restricting their data transmissions to specific subframes. As indicated before, an important parameter in a TDM eICIC operation is the UR that basically defines the duty cycle of the TDM opportunities that the Non-Macro-eNB is allowed to use for transmission. For example, a UR value of 10% allows the Non-Macro-eNB to use one subframe in every radio frame. As such, each cell is configured to send only CRS and maybe control information in certain predefined blank subframes allowing a mutual interference-free operation for the shared data channels. When selecting a certain UR, a trade off is required in order to balance the interference and the overall throughput of the heterogeneous network. 

From the perspective of a Rel. 10 UE, the blank subframes that are left for operation of the other cell shall be ignored for measurements and data access will be coordinated through cross-subframe scheduling. However, since there is no provision for communicating this arrangement to a Rel. 8/9 MUE or a fast and efficient mechanism exists to detect Rel. 8/9 MUE victim condition, the link to Rel. 8/9 UE would be blind to the eICIC scheme and the legacy MUE would continue performing measurements as in normal conditions. Due to the possible large fluctuation of the interference level, the measurements performed by the Rel. 8/9 MUE could be severely impacted resulting in a significant loss of the performance. 
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Figure 2 – Operation of eICIC and Rel. 8/9 UE 
3 Impacts on Rel.8/9 UE Measurements and Throughput Performance
The inability of a Rel. 8/9 UE to adapt its measurements to the TDM eICIC scheme in a heterogeneous network results in inaccuracy of Radio Link Monitoring (RLM) related measurements. As specified, RLF measurements can be summarized as below [4],
· Downlink radio link quality is estimated by performing RSRP measurements. The UE estimates the downlink radio link quality and compares it to the thresholds Qout (10% BLER PDCCH) and Qin (2% BLER PDCCH) for the purpose of monitoring downlink radio link quality of the serving cell. 
· For Qout, the downlink radio link quality is estimated over the last [200] ms period.

· For Qin, the downlink radio link quality estimated over the last [100] ms period.
Therefore, from the RLM measurements perspective, the interference experienced by the Rel. 8/9 MUE could result in false triggering of RLF and unnecessary interruption of the link. 
Due to the interference in non-blank subframes, the Rel. 8/9 MUE throughput under different TDM URs will be affected as well. Furthermore, a secondary effect of the TDM eICIC scheme is the inaccuracy of CQI measurements that occur during the interference periods. Such inaccuracies lead to erroneous channel feedback information that is translated into inaccurate link adaptation and poor throughput performance. 
In the next section, we measure the combined impact of data collision and CQI measurement error on the throughput performance of the Rel. 8/9 MUE, and the RLF statistics under each studied case.
4 Simulations

In this section, we present the results of our investigation on the impact of the interference on a victim Rel. 8/9 UE. Table 1 summarizes the main simulation parameters of our link-level simulator. We have assumed an SNR operating point of 0-dB for the Rel. 8/9 MUE and then introduced different levels of interference caused by Non-Macro-eNB with respect to the assumed base operating point. Then for each interference point, we have measured the performance of the Rel. 8/9 MUE link assuming different URs to determine the impact of the TDM eICIC operation. As a baseline for evaluation of the scheme, we have assumed a very basic scheduler that would not benefit in any form from the prior knowledge of the usage pattern in scheduling of the Rel. 8/9 MUE or for filtering of the erroneous channel feedback.
Table 1 – Simulation Parameters
	Parameter
	Value

	System
	FDD

	Carrier Frequency
	2.0 GHz

	Tx BW
	MeNB: 10 MHz

Pico-eNB: 5 MHz

	Antenna Configuration
	2×2

	Channel Model
	EPA5, Low correlation

	UE speed (km/h)
	3

	Non-Macro-eNB Usage Rate (UR)
	10%, 20%, 50% and 100%

	Adaptive Modulation and Coding
	Enabled

	Rank Adaptation
	Disabled (Forced to 2)

	PRB allocation
	Full

	CQI update rate
	2 ms

	CQI reporting delay
	7 ms

	Receiver
	MMSE

	Channel Coding
	Turbo

	HARQ
	Enabled

	PDSCH Channel Estimation
	Realistic (2 x 1D Wiener filter)

	CRS Boosting
	0 dB

	RLF Measurement
	CRS-based, Realistic CHEST

	Frame Structure
	Normal CP

	Interference/Noise Estimation
	Ideal

	Traffic
	Full buffer

	N310 Counter
	1 

	T310 Timer
	1 sec

	N311 Counter
	1 

	Simulation Run 
	100,000 TTI


Figures 3-a/b show the RLF and throughput performance of the Rel. 8/9 MUE. The presented throughput results in Figure 3-b are normalized to the non-interference case to indicate the relative loss of the performance for each UR value. The case with UR=100% demonstrates the worst case scenario serving as the lower bound of the performance. 
Based on the presented simulation results, the following observations can be made:
· With an interference level of less than + 9dB, the impact on the RLF performance is negligible for UR=10, 20 and 50%.

· With an interference level of more than + 12dB, the impact on the RLF performance is significant even at very low UR values.
· From the throughput perspective, there is no significant difference between the UR=20% and 10%.
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Figure 3 – RLF and Throughput Performance of a victim Rel. 8/9 UE 
5 Conclusion
In this document, we presented our results on the impact of the eICIC schemes on a victim Rel.8/9 MUE. Based on the results, following observations can be made:

· With an interference level of less than + 9dB, the impact on the RLF performance is negligible for UR=10, 20 and 50%.

· With an interference level of more than + 12dB, the impact on the RLF performance is significant even at very low UR values.

· From the throughput perspective, there is no significant difference between the UR=20% and 10%.

In general, the results indicate that over a certain range of interference, an appropriate UR can be selected reducing significantly the impact on the RLF performance still maintaining an acceptable data throughput.
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