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1 Introduction

In the last RAN4 meeting, different aspects of RLM/RRM performance when TDM-eICIC is employed were discussed. The way forward agreement emphasizes on the RLM/RRM performance and measurement requirements [1] and proposes the followings for definition of the performance requirements and side conditions for each RLM/RRM requirement:
· Alternative 1: Reuse Rel-9 RLM or RRM measurement requirements and SINR (or Es/Iot) side condition
· The working group will evaluate the impact of CRS interference in ABSF in each requirement and the impact of limited ABSF opportunities compared with rel8/9 measurement. 
· If the impact is found to be insignificant in some cases, this approach is adopted to reduce RAN4 work load. 
· Alternative 2: Define new RLM/RRM measurement requirements and SINR (or Es/Iot) side condition for eICIC 

In the LS distributed by RAN1[2], an overall basic framework for RRC signalling and ABS definition is provided that are needed to be considered for the relevant performance evaluations:

· RRC signalling is provided for resource specific RLM/RRM measurements: 
· If this signalling is provided for serving cell measurements, UE should use only the indicated subframes for serving cell measurements 

· If this signalling is provided for measurements on a given neighbour cell, UE should use only the indicated subframes for measurements on that neighbour cell (regardless of any previous assumptions about MBSFN subframes in that neighbour cell)

· FFS in RAN2: details of how the indicated subframes apply to RLM and/or RRM measurements 

· Limited set of patterns to be considered for RAN 4 performance requirements

· RAN4 should determine the patterns and the appropriate corresponding performance requirements

· FFS: Possible constraints on the set of patterns that can be signalled by RRC

· UEs can assume the following:
· All ABSs carry CRS

· If PSS/SSS/PBCH/SIB1/Paging/PRS coincide with an ABS, they are transmitted in the ABS (with associated PDCCH when SIB1/Paging is transmitted)

· Needed for legacy support

· CSI-RS transmission on ABS is FFS
· No other signals are transmitted in ABSs

· If ABS coincides with MBSFN subframe not carrying any signal in data region, CRS is not present in data region 

In this contribution, we investigate the impact of limited ABSF opportunities on R-10 UE RLM measurements when no DRX is used. Both alternatives 1 & 2 are considered for this study. We conducted our simulations under different Usage Ratio (UR) to measure the effect of lower measurement opportunities on the accuracy of the RLF reporting.
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Figure 1 – Simultaneous operation of R-10 M-eNB and Non-Macro-eNB 
2 The Investigated Scenario
In our previous contribution, we were interested in evaluating the impact of interference experienced by a Rel. 8/9 MUE in a heterogeneous network from both throughput and RLM perspectives [3]. In this contribution, we investigate the impact of ABSF on RLM measurement of a Rel. 10 UE. 
Figure 1 shows transmission pattern to a Rel. 10 UE’s in a Heterogeneous network using TDM-eICIC. As such, given a configured UR, the transmission to the Rel. 10 MUE is regulated by the ABSF pattern allowing coexistence of both Macro and Non-Macro eNB’s. It is provisioned that the Rel. 10 UE is become aware and advised to use only certain subframes for RLM measurements. While such arrangement mitigates the interference problem, it could impact the accuracy of the RLM measurement due to the restriction imposed on the measurement events.

According to the existing RLM specification when no DRX is used [4],
· When the downlink radio link quality estimated over the last 200 ms period becomes worse than the threshold Qout, Layer 1 of the UE shall send an out-of-sync indication to the higher layers within [200] ms Qout evaluation period. 

· When the downlink radio link quality estimated over the last 100 ms period becomes better than the threshold Qin, Layer 1 of the UE shall send an in-sync indication to the higher layers within 100 ms Qin evaluation period. 

· Two successive indications from Layer 1 shall be separated by at least 10 ms.

· Alternative 1: 
In this case, a fixed length time-averaging is maintained across all UR values. Thus, as UR increases, a lower number of non-ABSF samples will be available for averaging.  For example for Qout measurement, when UR=50%, only half the number of samples available in a 200 ms window are used for the averaging. 
· Alternative 2: 
Another potential implementation involves a moving average filter that maintains a fixed length sample size across all UR values. Hence, for a given UR, the effective filtering mechanism spans over a wider range of samples in time. For example for Qout measurement, when UR=50%, due to the memory of the filtering process, the last 200 ms of real measured samples actually span over ~ 400 ms in time. Therefore, it can be claimed that the channel signal-to-noise ratio is averaged over a longer period of time.
In the next section, we present our findings on the performance of each alternative scheme.
3 Simulations

Table 1 summarizes the main simulation parameters of our link-level simulator. The UE of interest for the simulation is a Rel. 10 MUE, however the results will equally hold for RLM measurements of a Rel. 10 Non-Macro UE as well. Due to the potential impact on the averaging process, we have considered both low and high Doppler channel scenarios for the study. For each case, a UR is assumed and the SNR is swept over the range of interest. 
Table 1 – Simulation Parameters

	Parameter
	Value

	System
	FDD

	Carrier Frequency
	2.0 GHz

	Tx BW
	MeNB: 10 MHz

	Antenna Configuration
	2×2

	Channel Model
	EPA5, Low correlation 

ETU70, Low correlation
ETU70, Low correlation

	Non-Macro-eNB Usage Rate
	0%, 10%, 30%, 50% , 70% and 90% 

	ABSF Patterns
	Random

	SNR Range
	-14 ( 10 dB ( with 4 dB step)

	Frame Structure
	Normal CP

	RLF Measurement 
	CRS-based, Realistic CHEST

	N310 Counter
	1

	T310 Timer
	1 sec

	N311 Counter
	1

	Simulation Run 
	100,000 TTI


The results for Alternatives 1 and 2 are shown in Figures 2 and 3, respectively. The figures show the measured Qin and Qout required for RLM measurements of the Rel.10 MUE for EPA5 and ETU70 channels, respectively. It can be noted that both alternatives exhibit similar performance trend. As demonstrated in these graphs, changing of the UR does not have much impact on the average Qin (Qout) values. The only artefact of a change in UR appears at very low SNR where some dispersion of the results can be observed. Also, it can be noted that the described dispersion of the average Qin (Qout), increases with the mobility of the UE. As shown consistently in the graphs, an increase of the UR leads to a small increase of the average Qin (Qout).

Figures 4 and 5 show the RLF measurements for the studied cases. As demonstrated, using either alternative, the main dispersion of the results occurs in the vicinity of -10 dB SNR where the main region of importance for RLF measurements is. In this region, as the UR values increases the RLF performance degrades. For example for a UR=50%, the absolute RLF percentage loss is about 5% and 10% for EPA5 and ETU70 channels, respectively.
If the M-eNB gives away more than 50% of the resources, (UR>50%), the MUE would experience an even higher RLF performance degradation in high mobility.
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Figure 2 – Average Qin (Qout) measurements for a Rel. 10 UE (Alt1)
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Figure 3 – Average Qin (Qout) measurements for a Rel. 10 UE (Alt2)
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Figure 4 - RLF Performance of a Rel. 10 UE (Alt1)
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(b)
Figure 5 - RLF Performance of a Rel. 10 UE (Alt2)
4 Conclusion
In this document, we presented our results on the impact of the TDM eICIC schemes on Rel. 10 UE. Based on the results, following observations can be made:

· As demonstrated, the main dispersion of the results occurs in the vicinity of -10 dB SNR where the main region of importance for RLF measurements is. In this region, as the UR values increases the RLF performance degrades. More specifically, the Rel. 10 MUE does not declare RLF consistently. For example for a UR=50%, the absolute RLF percentage loss is about 5% and 10% for EPA5 and ETU70 channels, respectively.

· If the M-eNB gives away more than 50% of the resources, (UR>50%), the MUE would experience an even higher RLF performance degradation in high mobility.

· Based on the presented results, there is no notable difference between the Alternative 1 and the scheme built under the Alternative 2. Either alternative may be feasible; however the impact of the potential RLF performance degradation should be considered.
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