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1. Introduction
During RAN1 #62, a way forward for eICIC was agreed after extensive performance studies and analysis. In the corresponding LS [1], the following conclusions were made:

· Macro-Femto: 

· Baseline

· No backhaul coordination (X2, S1)

· Reflects RAN3 status
· Time-domain/power setting solutions 

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 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 Rel-10 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

(*) if MBSFN is configured almost blank subframe does not contain CRS in the data region.
In [2], a framework for defining RRM/RLM performance requirements was proposed in accordance to the RAN1 LS. One of the proposed working assumptions is as following:

Proposal C: One of the following approaches should be adopted to define the performance requirements for each RLM/RRM cases:

1. Reuse existing RLM or RRM measurement requirements with no new simulations

· This option should be adopted if the CRS interference impact is found to be insignificant for RLM or RRM measurements.

· If this option is adopted, test could be setup with simple time varying noise generator.

· This option is preferred whenever feasible, since it significantly reduces RAN4 work load.  

2. Define new RLM/RRM measurement requirements for eICIC

· New requirements require additional simulations 

· Compared to current simulation setups, one additional interfering cell with periodic ABSF pattern could be introduced to generate the time varying interference pattern.

Since option 1 significantly reduces the amount of work for RAN4, this contribution provides simulation results for the working group to decide the feasibility of reusing existing requirements. 
2. RRM

In accordance to the RAN1 LS, following proposal was made in [2] to narrow down the scope of RRM measurement requirements.

Proposal A: Additional RLM and intra-frequency RRM (including both RRC_CONNECTED and RRC_IDLE state) performance requirement should be introduced under time varying interference; the suitable subframes for measurements should be signalled by the network;

Note that reported RRM measurement result includes both RSRP and RSRQ, where RSRQ is derived from RSRP and RSSI measurements. Since only RSRP measurement accuracy is affected by the time varying interference, in the rest of this section, we evaluate the RSRP measurement performance for UEs that follow the subframe restriction and UEs that do not follow the subframe restriction.

2.1. Simulation setup
The measurement report is defined as the estimated CRS power after layer 1 filtering, which is an estimate of the average value of the per-subframe measurements over the measurement period. The common simulation assumptions are shown in Table 1. 
Table 1 Common simulation assumptions

	Description
	Unit
	Value

	Number of transmit antennas
	
	2

	Serving cell 
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	dB
	-6

	Implementation modeling
	
	AGC disabled; frequency/time tracking loop enabled.

	Propagation model
	
	AWGN

	Measurement bandwidth
	MHz
	1.4

	Measurement period
	ms
	200

	Number of measured subframes within the measurement period
	
	5


In this section, we evaluate two setups, where the baseline setup is a single cell RSRP measurement performance with AWGN channel and noise. In the second setup, we enable an additional periodic time varying interference pattern as proposed in [2] and measure the RSRP under this time varying interference.  It is assumed that the network signals the usable measurement subframes to all the UEs. In order to differentiate good and bad UE implementation, we evaluate the measurement accuracy with 0 to 100% of subframes being usable subframes. 

In order to test the sensitivity to interference variation, we also tested three interference levels: -5, 5 and 15 dB above the thermal. Since the serving cell geometry is -6 dB above the thermal, the signal to interference and thermal ratio (SINR) over the usable subframes is -6 dB and the SINR over the high interference subframes is -7.2, -12.2 and -21.2 dB, respectively. 

The time varying interference is modelled as an interfering cell that transmits almost blank subframes (ABSF) on 4 out of 8 subframes and transmits normal subframes on the rest. Since the interfering cell does not transmit any data over ABSF subframes, the corresponding subframes of the serving cell is expected to thermal limited at -6 dB geometry.

Using a second cell for interference modelling can test the receiver performance with residual CRS interference in ABSF. In the case of CRS collision between serving and interfering cell, the serving cell CRS tone SINR is expected to be the same over all subframes. In the case of non-colliding RS, the serving cell CRS SINR will experience time varying interference as discussed above.  In this test, we assume non colliding RS between serving and interfering cells.
A summary of assumptions used in the time-varying interference tests is shown in the following table.
Table 2 Simulation assumptions for time varying interference pattern

	Description
	Unit
	Value

	Interfering cell 
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	dB
	-5, 5, 15

	Almost blank subframe pattern of the interfering cell
	
	[11110000]

	Interfering cell CRS colliding with serving cell CRS
	
	NO

	Timing difference between serving and interfering cell
	us
	3

	Fraction of subframes that are ABSF of interfering cell
	
	0% to 100%


2.2. Simulation results

In the case of a single cell measurement, we randomly picked 6 different patterns for measurements. The RSRP measurement distribution is shown in Figure 1. Note that bias is not removed from the measurement results. As shown in the figure, the 90% confidence interval is ± 2dB when the serving cell 
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is close to -6 dB . 
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Figure 1 Estimated RSRP distribution in a single cell measurement setup

The simulation results for the case of time varying interference test are shown in Figures 2 to 4. 
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Figure 2 Estimated RSRP distribution with interfering cell at -5 dB Es/Noc
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Figure 3 Estimated RSRP distribution with interfering cell at 5 dB Es/Noc
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Figure 4 Estimated RSRP distribution with interfering cell at 15 dB Es/Noc

It is observed that for the case where UE follows the subframe restriction 100% of the time, the RSRP measurement accuracy is the same as serving cell measurement irrespective of the interference level. The intuition behind this finding is two-fold:

a. A UE only needs to measure a small fraction of all subframes to achieve sufficient measurement accuracy. Hence, limiting the measurement opportunity to a subset of all subframes does not impact the number of measurements a UE could take during a measurement period.

b. RSRP measurements are based on CRS tones. In the case of non-colliding RS between serving and interfering cell, the SINR of CRS tones of the serving cell over ABSF subframes of the interfering cell remain unchanged. Inter-carrier interference is negligible for AWGN channel and 3 us timing offset.

Given the same number of measurement opportunity and the same SINR over RS tones, the measurement results are expected to be the same.

As the fraction of measured subframes over usable subframes decreases, the measurement is observed to be less accurate and has larger bias. Even for the case of 80% subframes measured over usable subframes, the bias and spread of the measurement is found to degrade significantly at high interference level. Table 3 summarizes the measurement spread as a function of the fraction of properly measured subframe and interference level. It is observed that a 15 dB interference level could be used to clearly differentiate UEs that do not use the network signaled subframes.
Table 3 Common simulation assumptions

	
	Fraction of measurement subframes that are ABSF of interfering cell

	
	100%
	80%
	60%
	40%
	20%
	0%

	Interference cell Es/Noc (dB)
	-(
	±2
	±2
	±2
	±2
	±2
	±2

	
	-5
	±2
	±2
	±2.5
	±2.5
	±2.5
	±3

	
	5
	±2
	±3
	±3.5
	±3.5
	±4
	±4.5

	
	15
	±2
	±5.5
	±6.5
	±6.5
	±8
	±8.5


Summary of findings:

· If a UE performs measurement based on the network signaled low interference subframes, the RSRP measurement accuracy is the same as single cell measurement

· Impact of CRS interference in ABSF subframes is negligible when the serving and interfering cell have non-colliding RS.

· If a UE performs measurement over some high interference subframes, the measurement accuracy degrades as with an increasing level of interference and a decreasing fraction of low interference subframes.
· A 15 dB interference level could be used to clearly differentiate spec compliant and non-compliant UEs.

3. RLM

In this section, we try to answer the question of whether existing RLM requirements could be reused for eICIC with restricted resource management. Before delve into the details, we first review the current radio link monitoring procedure:

· The UE shall estimate the DL radio link quality and compare it to the thresholds: Qout and Qin. Qout is defined as the link quality corresponding to 10% BLER of a hypothetical PDCCH transmission (DCI format: 1A, CCE Aggregation Level: 8 (10MHz system)). Qin is defined as the link quality corresponding to 2% BLER of a hypothetical PDCCH transmission (DCI format: 1C, CCE Aggregation Level: 4 (10MHz system)). 
· When the DL radio link quality estimated over the last 200ms becomes worse than Qout, PHY shall send an out-of-sync indicator to higher layers. 
· When the DL radio link quality estimated over the last 100ms becomes better than Qin, PHY shall send an in-sync indicator to higher layers.
3.1. Simulation setup

Similar to the RRM simulations, we evaluate two setups for RLM performance, where the baseline setup is a single cell performance with ETU channel and noise as shown in Table A.7.3.1.1-1 in [3]. However, instead of using the time varying signal strength as in the RRM test, we sweep the SNR region of interests to compare the DCI format 1A/1C reliability with the PHY Out-of-sync and In-sync declaration rate.

In the second setup, we enable an additional periodic time varying interference pattern as proposed in [2] and perform the RLM procedure under this time varying interference.  It is assumed that the network signals the usable measurement subframes to all the UEs. In this test, we simulated two UE implementations where one UE strictly follow the network signalled restrictions and the other UE average the measurement over all subframes. 

Similar to the RRM simulations, we also tested three interference levels: -5, 5 and 15 dB above the thermal to test the sensitivity to interference variation. The time varying interference is modelled as an interfering cell that transmits almost blank subframes (ABSF) on 4 out of 8 subframes and transmits normal subframes on the rest. In addition we also assume non-colliding RS between serving and interfering cells for the same reason as RRM tests.

The simulation assumptions specified in Tables 1 and 2 are reused except that the serving cell geometry varies from -14 dB to 0 dB.

3.2. Simulation results

Simulation results are shown in Figures 5 to 8 under ETU70 channel model. 
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Figure 5 RLM statistics for baseline single cell setup
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Figure 6 RLM statistics for interfering cell at -5 dB
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Figure 7 RLM statistics for interfering cell at 5 dB
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Figure 8 RLM statistics for interfering cell at 15 dB
In Figure 5, the single cell performance is illustrated. As shown in the figure, the 10% out of sync threshold occurs at -10 dB geometry. The average declared out of sync rate is around 50% at this SNR point. The 2% in sync threshold occurs at -6 dB. The average declared in sync rate is also around 50% at this SNR point. We could conclude that this UE has a consistent RLM procedure that reflects the actual PDCCH performance.
Furthermore, we would also like to check if the current RLM requirements in [3] could be reused for various cases, including the baseline case. According to Table A.7.3.1.1-3 in [3], the UE should declare out-of-sync more than 90% of time at -12.2 dB for ETU70. According to Table A.7.3.2.1-2 in [3], the UE should declare in-sync for more than 90% of time at -2.3 dB for ETU70. The green and magenta dashed curves show that this UE satisfies both out-of-sync and in-sync requirements in the spec when the RLM is performed over the restricted subframes. When RLM is carried out without restricting to those subframes, in the above figures, cyan and brown dashed curves clearly show that the UE can not simultaneously satisfy  both out-of-sync and in-sync requirements in the spec any more when the interfering cell geometry becomes 5dB or more.
4. Conclusions

In this contribution, we provide preliminary simulation results to evaluate two approaches of defining R10 RLM/RRM requirements: 
1. Reuse existing RLM or RRM measurement requirements with no new simulations

2. Define new RLM/RRM measurement requirements 

Based on simulation results provided in this contribution, we recommend the working group adopt the following approaches for eICIC core performance requirements:
· RRM: reuse existing requirements based on following findings:
· If a UE performs RRM measurement based on the network signaled low interference subframes, the RSRP measurement accuracy is the same as single cell measurement 

· Impact of CRS interference in ABSF subframes is negligible when the serving and interfering cells have non-colliding RS.

· RLM: reuse existing requirements based on following findings:
· If a UE performs RLM measurement based on the network signaled low interference subframes, the in-sync/out-of-sync detection probability is the same as single cell measurement for interferences < X dB.
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