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1 Introduction

A way forward based on the agreement for eICIC of RAN1 has been sent to RAN2, RAN3 and RAN4 during TSG RAN1 #62 meeting [1]. Furthermore, the time domain solution for Macro-pico scenario with backhaul supported is discussed in TSG-RAN #49 meeting. The targets of RAN4 on eICIC can be summarized in the following. 
1. “RAN1 kindly asks RAN4 to take the RAN1 agreements above into account in their further work on RLM/RRM/CSI measurements and, for the Macro-Femto case, time-domain/power-setting solutions.” [1]
2. “RAN1 kindly asks RAN4 to take the above into consideration and to define limited set of patterns to be considered for RAN 4 performance requirements as outlined above, and if any constraints are needed on the set of patterns that can be signalled by RRC.”[2]
3. RAN4 should prioritize intra-frequency RRM measurement requirements work, RLM and RRM performance requirements for RRC_CONNECTED and RRC_IDLE states should be introduced under time varying interference. One of the following approaches should be adopted to define the performance requirements and side condition for each RLM/RRM requirement. Alternative 1: Reuse Rel-9 RLM or RRM measurement requirements and SINR (or Es/Iot) side condition. Alternative 2: Define new RLM/RRM measurement requirements and SINR (or Es/Iot) side condition for eICIC [3]
2 RRM Performance

In RAN4 AH #04 meeting, the preliminary simulation results for RRM/RLM measurements over restricted resources were investigated in [4], and it proposed to reuse the existing requirements for RRM and RLM measurements under some conditions. The conditions include non-colliding RS, interferences < X dB etc.  Based on [4], in this contribution, we investigate the requirements of RRM and RLM measurements on restricted subframes for TDM-based eICIC scheme according to the definition of TS 36.133 strictly under the cases of non-colliding RS and colliding RS for different interference and ABSF patterns by the means detailed simulation. Based on the simulation results, the corresponding conclusions are obtained.
In [5], the impact of eICIC for non-CA based deployment on RAN4 requirements has been analyzed in detail. For RRM measurements, it includes the following aspects:

· Impact on Idle mode requirements

· Intra-frequency cell reselection requirements

· Inter-frequency cell reselection requirements

· Inter-RAT cell reselection requirements

· Impact on Connected mode requirements

· Radio link monitoring

· Cell identification

· RSRP and RSRQ measurements

· Positioning measurements

In [3], the intra-frequency RRM measurement requirements work is prioritized. Therefore, in this contribution, in Macro-pico scenario, only intra-frequency RSRP/RSRQ measurements requirements and RLM requirements are researched.  The cases of non-colliding RS and colliding RS are included. 
3 Simulation with non-colliding RS

3.1 RSRP/RSRQ measurement accuracy impacts

3.1.1 Simulation Assumptions

The simulation assumptions are shown in Table 1 and Table 2, respectively. Most of simulation parameters and assumptions are based on [4], and slight change is made taking RSRP/RSRQ measurement accuracy into account. For example, the number of transmit antennas is set to be 1 in our simulation in order to align with the previous contributions on RSRP measurement accuracy [6-8]. Moreover, the receive antennas are set to be 2, each of which is with equal gain and has no correlation between them. And the linear average of RSRP from both branches is assumed. 
In Macro-pico scenario, the edge pico UE will be impacted by the strong interference from Macro eNB. Therefore, 
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of pico cell set to be -6dB and that of Macro cell set to be -5, 5 and 15dB respectively[4], which simulates the extreme scenarios. Moreover, the number of measured subframes within the measurement period is set to be 5, and the fraction of subframes that are ABSF in measured subframes is from 0% and 100% according to [4]. For example, if the fraction of ABSF is 20%, it means there is only 1 ABSF, and there are 4 normal subframes in the measured subframes. Based on the resource-specific measurement from RAN1, the edge pico UE will not perform the RSRP/RSRQ measurement on normal subframes; therefore, the case with 100% fraction of ABSF denotes the resource-specific measurement scenario. Aside, in our simulation, cancelling interference is not considered.
Table 1  Common simulation assumptions

	Description
	Unit
	Value

	Number of transmit antennas
	
	1

	Number of receive antennas
	
	2

	Serving cell (pico cell) 
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	dB
	-6

	Propagation model
	
	AWGN

	Measurement bandwidth
	MHz
	1.4

	Measurement period
	ms
	200

	Number of measured subframes within the measurement period
	
	5


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 (Macro 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 in measured subframes
	
	0% to 100%


3.1.2 RSRP/RSRQ Accuracy Analysis
In the following, under the case of intra-frequency, the absolute accuracy and the relative accuracy of RSRP and RSRQ are simulated respectively. The simulation methods are the same with these in [6~9]. Simulation results in terms of CDF of the difference between the estimated RSRP and the ideal RSRP, i.e., delta RSRP, are shown in Figures 1-4 under AWGN case. Figure 1 illustrates the result in single cell scenario. And the Figures 2-4 show the results in the other scenarios where the serving cell is impacted by an interference cell with different interference strength in Macro-pico case. According to [6], the absolute RSRP accuracy would be dependent upon the difference between the mean and ideal RSRP values, i.e., the difference between nearly the 50th percentile of delta RSRP and 0. Furthermore, we consider that the implementation margin of absolute RSRP accuracy is 2dB and that of relative RSRP accuracy is 1dB. The simulation results without any implementation margin at Es/Noc = -6 dB of serving cell under AWGN are summarized in Table 3. 
3.1.2.1 RSRP Accuracy Analysis
[image: image4.emf]0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Delta RSRP(dB)

CDF

 Single cell


Figure 1  RSRP results in AWGN for a single cell 
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Figure 2  RSRP results in AWGN in Macro-pico scenario 
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Figure 3  RSRP results in AWGN in Macro-pico scenario 
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Figure 4 RSRP results in AWGN in Macro-pico scenario
Table 3  Absolute RSRP accuracy for TDM-based eICIC scheme without implementation margin 
	
	Fraction of measurement subframes that are ABSF of interfering cell

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

	Interference cell Es/Noc (dB)
	-(
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7

	
	-5
	±1.7
	±1.8
	±1.8
	±1.9
	±1.9
	±1.9

	
	5
	±1.7
	±2.1
	±2.5
	±3
	±3.2
	±3.5

	
	15
	±1.7
	±4.7
	±6.5
	±8
	±8.5
	±9.5


Observation 1: Under the cases of the side condition is fulfilled (the first green row), the measurements are restricted ABSF (the first green column) and the interference is not strong, RSRP Intra frequency absolute accuracy can be fulfilled (yellow data). But when the interference is stronger than some value (for example, Interference cell Es/Noc=15dB), the impact on RSRP absolute accuracy is uncertain.   
Similarly, Figures 1-4 can also provide the relative RSRP accuracy. According [6] and [8], the deviation of RSRP from the median value within 5th and 95th percentiles would provide some insight into the relative RSRP accuracy without implementation margin, which can be summarized in Table 4. 
Table 4  Relative RSRP accuracy for TDM-based eICIC scheme without implementation margin
	
	Fraction of measurement subframes that are ABSF of interfering cell

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

	Interference cell Es/Noc (dB)
	-(
	±0.75
	±0.75
	±0.75
	±0.75
	±0.75
	±0.75

	
	-5
	±0.75
	±0.75
	±0.75
	±0.75
	±0.75
	±0.75

	
	5
	±0.75
	±0.75
	±1.00
	±1.10
	±1.25
	±1.25

	
	15
	±0.75
	±1.75
	±1.75
	±1.50
	±1.50
	±1.50


Observation 2: It is obvious that the relative RSRP accuracy is not impacted seriously even if under the strong interference. The maximum value of the deviation in Table 4 is ±1.75dB. Taking the implementation margin 1dB into account, it can also fulfill the current requirement in [10]. Therefore, the impact of Macro-pico case on relative RSRP accuracy is very small. 
3.1.2.2 RSRQ Accuracy Analysis
Simulation results in terms of CDF of the difference between the estimated RSRQ and the ideal RSRQ, i.e., delta RSRQ, are shown in Figures 5-8 under AWGN case, where the estimated RSRQ=estimated RSRP / estimated RSSI, and the ideal RSRQ=ideal RSRP / ideal RSSI. According to [11], the ideal and estimated RSSI can be expressed in (1) and (2) respectively in the following. 
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denote the signal, interference, and noise on ith carrier, respectively, and 
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 is the noise power. Based on the previous analysis, the simulation results according to Figures 5-8 without any implementation margin at Es/Noc = -6 dB of serving cell under AWGN condition are summarized in Table 5 and Table 6 respectively. Moreover, we consider that the implementation margin of absolute RSRQ accuracy is 1~1.5dB.
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Figure 5  RSRQ results in AWGN for a single cell (serving: Es/Noc=-6dB)
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Figure 6  RSRQ results in AWGN in Macro-pico scenario (serving: Es/Noc=-6dB)
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Figure 7  RSRQ results in AWGN in Macro-pico scenario (serving: Es/Noc=-6dB)
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Figure 8  RSRQ results in AWGN in Macro-pico scenario (serving: Es/Noc=-6dB)
Table 5  Absolute RSRQ accuracy for TDM-based eICIC scheme without implementation margin 
	
	Fraction of measurement subframes that are ABSF of interfering cell

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

	Interference cell Es/Noc (dB)
	-(
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7
	±1.7

	
	-5
	±1.7
	±1.8
	±2.0
	±2.1
	±2.3
	±2.4

	
	5
	±1.7
	±3.0
	±3.8
	±4.5
	±5.0
	±5.5

	
	15
	±1.7
	±7.0
	±9.2
	±10.4
	±11.8
	±12.4


Observation 3: Under the cases of the side condition is fulfilled (the first green row data), the measurements are restricted ABSF (the first green column data) and the interference is not strong (yellow data), RSRQ Intra frequency absolute accuracy can be fulfilled. But when the interference is stronger than some value (for example, Interference cell Es/Noc=5dB or 15 dB), the impact on RSRQ absolute accuracy is uncertain.  
3.1.2.3 Proposed Limited Set of ABSF Pattern

In our simulation, the number of the measured subframes within the measured period 200ms is 5 which means that there is only 1 sampled subframe within ABSF period of FDD (40ms). The simulation results indicates that RSRP/RSRQ intra-frequency absolute or relative accurate can be fulfilled if measurement is done in restricted ABSF.  From the view of implementation issue, there should be 3-5 samples within the measurement period (200ms), and each sample needs at least 2 subframes to output the L1 RSRP values for performing average. Therefore, for the requirement of RRM measurement, at least 2 subframes should be set as ABSFs withinthe period of FDD (40ms).

3.2 RLM Performance impacts
The RLM performance of TDM-based eICIC is investigated in this section. According to Table A.7.3.1.1-3 in [10], the edge pico UE should declare out-of-sync more than 90% of time at -12.2 dB under ETU70 case. According to Table A.7.3.2.1-2 in [10], the edge pico UE should declare in-sync for more than 90% of time at -2.3 dB under ETU70 case. Therefore, we should investigate that under what interference level and what ABSF pattern, the R10 UE could reuse the existing requirement for RLM in R8/R9. In the following simulation, only 50% ABSF is considered for average declared out-of-sync and in-sync rate. 
3.2.1 Simulation Assumptions
According to [10], the UE shall monitor the downlink radio link quality based on the cell-specific reference signal, and estimate the downlink 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 errors with transmission parameters specified in Table 7.6.1-1 in [10]. The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to 2% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-2 in [10]. 
Similar with RSRP/RSRQ measurement, most of simulation parameters and assumptions for RLM performance are the same as in [4] under ETU70 case. Note that the transmit antennas for pico cell and Macro cell are set to be 2 in order to align the common assumptions in the test cases of [10]. The receive antennas is set to be 2, and the maximum ratio combination (MRC) is assumed. Moreover, we assume that there is no interference cancellation algorithm in receiver in order to investigate the worst case. The other simulation assumptions are the same with Table 1 and Table 2.

For the simulation steps, Step 1: the single cell scenario is investigated as the baseline compared with the test case in [10], where 
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 of serving pico cell varies in some reasonable range. Step 2: the RLM performance for Macro-pico scenario is setup with -5dB, 5dB and 15dB 
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of interference Macro cell. Step 3: in order to find the sufferable interference strength XdB at the receiver, in which the detection probability is the same as single cell measurement for interferences < X dB, we will choose the new interference level according to the simulation results and analysis from the Step 1 and Step 2. 
3.2.2 Simulation Results Analysis
The simulation results for RLM performance of Step1 and Step 2 are shown in Figures 9-12, respectively.
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Figure 9  RLM statistics in ETU70 for baseline single cell 
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Figure 10  RLM statistics in ETU70 in Macro-pico scenario 
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Figure 11  RLM statistics in ETU70 in Macro-pico scenario 
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Figure 12  RLM statistics in ETU70 in Macro-pico scenario 
Observation 4: Figure 9 shows the single cell performance for the baseline. The 10% out of sync (OOS) threshold occurs at around -10dB geometry. The average declared out of sync rate is around 50% at this SNR point. The 2% in sync threshold occurs at around -4dB.  The average declared in sync (INS) rate is also around 50% at this SNR point. It indicates that the UE has a consistent RLM procedure that reflects the actual PDCCH performance.
Observation 5: Figures 10-12 illustrate the RLM performance in Macro-pico scenario with different interference level. In the cases of single cell (no interference) and -5dB interference, the 10% OOS threshold occurs at around -10dB geometry. The average declared out of sync rate is around 50% at this SNR point. The 2% in sync threshold also occurs at around -4dB compared with single cell scenario. The average declared in sync (INS) rate is also around 50% at this SNR point. Therefore, the -5dB interference does not severely impact on RLM performance. 
Figure 11 indicates that in the case of 5dB interference, the 10% OOS threshold occurs at around -8dB geometry, and the 2% in sync threshold occurs at around -2dB geometry. When the serving geometry is -2.3dB, the average declared INS rate on restricted subframes (i.e., ABSF) is only 70%, which can not fulfil the existing requirement. 
It is also obvious that the 15dB case achieves the worst performance which is illustrated in figure 12. Therefore, the interference that is larger than 5dB should be considered as the strong interference for RLM performance when the receiver does not contain the interference cancellation algorithm. 
Based on the previous analysis, we consider that, the sufferable interference level should be within (-5dB, 5dB) range. Thus, we choose four new interference levels, i.e., -3dB, -1dB, 1dB, 3dB, to find out the value of X. The simulation results are shown in Figure 13-14.
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Figure 13  PDCCH BLER in ETU70 (interference: Es/Noc=-3, -1, 1, 3dB)
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Figure 14 Average OOS/INS rate in ETU70 in Macro-pico scenario (interference: Es/Noc=-3, -1, 1, 3dB)
According to Figures 9-14, the simulation results for RLM performance under ETU70 are summarized in Table 6.
Table 6 RLM performance on restricted subframes with different interference levels
	
	Interference cell  Es/Noc (dB)

	
	-(
	-5
	5
	15
	-3
	-1
	1
	3

	Qout
	-10.00
	-9.88
	-8.2
	
	-9.84
	-9.50
	-9.17
	-8.88

	OOS rate at -12.2dB
	>90%
	>90%
	>90%
	>90%
	>90%
	>90%
	>90%
	>90%

	Qin
	-4.10
	-3.80
	
	
	-3.55
	-3.38
	-3.00
	-2.87

	INS rate at -2.3dB
	>90%
	>90%
	70%
	0%
	>90%
	>90%
	>90%
	85%


Observation 6: It can be seen that, the average declared out of sync rate at -12.2dB geometry is larger than 90%, no matter what the interference level is. However, the average declared in sync rate at -2.3dB geometry may be less than 90% under strong interference. According to Table6, the average declared in sync rate is 70% when interference level is 5dB, and average declared in sync rate is 85% when interference level is 3dB, both of which do not satisfy the existing requirements. Therefore, the sufferable interference level for RLM may be [1] dB.
4 Simulation with colliding RS

4.1 RSRP/RSRQ measurement accuracy impacts

4.1.1 RSRP intra-frequency accuracy impacts
All simulation parameters in this section are the same as in section 3. All simulation assumptions except considering colliding RS are the same as in section 3. RSRP intra-frequency absolute and relative accuracy impacts are researched respectively. In this simulation, the three colliding RS cases (100%, 50% 25% as explained below) are simulated. 
· 100% case: macro and pico with same PCI and with the same number of antennas, which corresponds to the total colliding on the CRS of macro and pico.

· 50% case: macro and pico with same PCI and the number of antennas of macro and pico is 1 and 2 respectively. Thus the colliding CRS percentage is 50%.

· 25% case: macro and pico with same PCI, but the macro is also configured with MBSFN. So the MBSFN domain will not cause interference to corresponding CRS.
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Figure 15  RSRP results in AWGN in Macro-pico scenario with CRS colliding
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Figure 16 RSRP results in AWGN in Macro-pico scenario with CRS colliding
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Figure 17  RSRP results in AWGN in Macro-pico scenario with CRS colliding
As shown in Figures 15-17, the RSRP results can be summarized in Table 7 and Table 8.

Table 7  Absolute RSRP results in AWGN with CRS colliding on Restricted Subframes
	
	Fraction of CRS colliding

	
	0%
	25%
	50%
	100%

	Interference cell Es/Noc (dB)
	-(
	±1.7
	±1.7
	±1.7
	±1.7

	
	-5
	±1.7
	±1.8
	±2.0
	±2.3

	
	5
	±1.7
	±2.4
	±3.1
	±4.7

	
	15
	±1.7
	±5.7
	±7.8
	±11.5


Table 8  Relative RSRP results in AWGN with CRS colliding on Restricted Subframes
	
	Fraction of CRS colliding

	
	0%
	25%
	50%
	100%

	Interference cell Es/Noc (dB)
	-(
	±0.75
	±0.75
	±0.75
	±0.75

	
	-5
	±0.75
	±0.70
	±0.50
	±0.70

	
	5
	±0.75
	±0.60
	±0.50
	±0.50

	
	15
	±0.75
	±0.50
	±0.30
	±0.30


Observation 7: With the increasing of the fraction of CRS colliding, the performance of RSRP accuracy will be degraded obviously even if the RSRP results are measured on restricted subframes. Moreover, compared with Table 7 and Table 3, the impact of ABSFs with CRS colliding is stronger than that of interference from normal subframes without CRS colliding. Therefore, for the Macro-pico scenario, the CRS colliding is an extreme condition, which is supposed to be avoided. 
4.1.2 RSRQ intra-frequency absolute accuracy impacts
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Figure 18  RSRQ results in AWGN in Macro-pico scenario with CRS colliding
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Figure 19  RSRQ results in AWGN in Macro-pico scenario with CRS colliding
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Figure 20  RSRQ results in AWGN in Macro-pico scenario with CRS colliding

Similarly, the RSRQ results can be summarized in Table 9.
Table 9  Absolute RSRQ results in AWGN with CRS colliding on Restricted Subframes
	
	Fraction of CRS colliding

	
	0%
	25%
	50%
	100%

	Interference cell Es/Noc (dB)
	-(
	±1.7
	±1.7
	±1.7
	±1.7

	
	-5
	±1.7
	±1.9
	±2.1
	±2.5

	
	5
	±1.7
	±2.6
	±3.4
	±5.5

	
	15
	±1.7
	±7.0
	±9.3
	±13.6


Observation 8: Similarly, performance of absolute RSRQ accuracy will be degraded obviously even if the RSRQ results are measured on restricted subframes. Moreover, compared with Table 9 and Table 5, the impact of ABSFs with CRS colliding is also stronger than that of interference from normal subframes without CRS colliding. Therefore, for the viewpoint of RSRQ, the CRS colliding is also supposed to be avoided.
4.2 RLM impacts
All simulation parameters in this section are the same as in section 3. All simulation assumptions except considering colliding RS are the same as in section 3. The impacts of eICIC on RLM are researched in different interference issues and collision probability (100%, 50% 25%). 
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Figure 21 RLM statistics in ETU70 in Macro-pico scenario with 100% CRS colliding
Observation 9: Seen from Figure 21, it illustrates that the average OOS and INS declaration rate on restricted subframes can satisfy the requirement when CRS is 100% collided under -5dB interference. Therefore, the impact of ABS density in this case needs further consideration. 
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Figure 22  RLM statistics in ETU70 in Macro-pico scenario with 20% and 50% ABS density
Observation 10: It can be observed that in the low interference level, even if the ABS density is relative low, i.e., 50% or 20%, the average OOS and INS declaration rate under 100% CRS colliding scenario can also satisfy the existing requirement. Therefore, under low interference level, e.g. -5dB, both CRS colliding and ABS density may have small impact on RLM.
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Figure 23  RLM statistics in ETU70 in Macro-pico scenario with 100% CRS colliding
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Figure 24 RLM statistics in ETU70 in Macro-pico scenario with 100% CRS colliding
Observation 11: Seen from Figures 23-24, it can be seen that, firstly, it is obvious that the average OOS and INS declaration rate on restricted subframes can not fulfill the requirement when CRS is 100% collided under 5dB interference. Secondly, the performance under 15dB interference level is the worst case. Thus, for 5dB interference level, the different fraction of CRS colliding cases needs to be further considered. 
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Figure 25  RLM statistics in ETU70 in Macro-pico scenario with 25% and 50% CRS colliding
Observation 12: It can be seen that, the average OOS and INS declaration rate under 25% CRS colliding on restricted subframes can fulfill the current specifications. However, for the 50% CRS colliding case, the average INS declaration rate on restricted subframes can not achieve 90% at -2.3dB geometry. 
According to Figures 21-25, the RLM under CRS colliding can be summarized in Table 10.
Table 10 RLM performance on restricted subframes with different interference levels with CRS colliding

	
	Interference cell  Es/Noc (dB)

	
	-(
	-5
	5
	15

	Qout
	-10.00
	-9.69
	-7.57
	-2.10

	OOS rate at -12.2dB
	>90%
	>90%
	>90%
	>90%

	Qin
	-4.10
	-2.86
	-2.26
	

	INS rate at -2.3dB
	>90%
	>90%
	75%
	0%


Observation 13: Compared with Table 6 and Table 10, it can be concluded that the RLM performance under CRS colliding is nearly the same as that of non-CRS colliding scenario. The reasons are that: firstly, under the non-CRS colliding case, the non-CRS pattern from Macro eNB will cause interference on PDCCH and PCFICH of pico eNB. Secondly, the CRS colliding pattern will lead to the inaccurate channel estimation. And these two impacts are nearly the same under the simulation assumptions. Therefore, according to the analysis, the proposal 2 is also available for CRS colliding scenario.
5 Conclusion

 In this contribution, we analyze the RRM/RLM measurement performances on restricted subframes. Based on our analysis, the following proposals are achieved:
Proposal 1: With no colliding RS or colliding RS, from the view of RSRP/RSRQ intra-frequency absolute and relative accuracy, it is suitable to set 5% ABSF density for RRM measurement. But comparing to no colliding, colliding RS will degrade RSRP/RSRQ accuracy. Therefore, it is better to avoid colliding RS. But considering RLM performance, the ABSF density may be relaxed more. 
Proposal 2: With no colliding RS or colliding RS, the sufferable interference level for RLM performance on ABSF is [1] dB when there is no interference cancellation algorithm at receiver, which should be the lower bound for sufferable interference level.
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