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1. Introduction
In RAN4 #57AH, the simulation assumptions for RRM with eICIC were agreed [1]. This agreement in conjunction with an earlier agreement on the candidate ABS patterns [2] allows participating companies to calibrate simulation results over a limited set of side conditions. In [3, 4], preliminary simulations for eICIC RRM requirements have been provided for some scenarios with non-MBSFN ABS subframes. In this contribution, we present further analysis based on the agreed assumptions for both non-MBSFN and MBSFN configurations.  
2. Simulation Results
The agreed simulation scenarios from [1] are summarized in the Appendix. In addition, two measurement periods of 200ms and 400ms are proposed for performance evaluation. The agreed candidate ABS patterns for FDD are as following:
· (1/8, 1, normal ABS)

[ 10000000, … ]
· (2/8, 2, normal ABS)

[ 11000000, … ]
· (3/20, 1, MBSFN ABS)
[ 1000010000 1000000000 ]
For all the simulation results presented below, we sampled 1 subframe out of every 40ms for RSRP measurements with 4 CRS symbols observations (SF 0). As a result, each RSRP measurement is obtained by averaging 5 and 10 samples for the 200ms and 400ms cases, respectively. 
Observations on the non-colliding RS cases: 

1. Due to this sampling method, the same RSRP measurement results are obtained for all three ABS patterns with non-colliding RS setup. 

2. For non-colliding RS, the same RSRP measurement results are obtained for different interfering cell SNR. In other words, the measurement accuracy is identical to Rel-8 single cell performance for the same serving cell SNR.
Observations on the colliding RS cases: 

3. The ABS pattern in the MBSFN case is defined over non-MBSFN subframes of the serving cell SF0 and SF5. 

4. If there is no subframe shift, the RSRP measurement performance will be identical to the normal ABS case with colliding RS, which was shown to have severe performance degradation [4].

5. In the following simulations, interfering cell ABS subframe is modeled with MBSFN interference transmission, i.e., CRS is only transmitted in the first OFDM symbol. 

In our simulation results, a single set of results are used to represent all non-colliding RS cases for each serving cell SNR and channel model combination. In Figures 1-3, the RSRP measurement results are shown for the non-colliding RS and the MBSFN colliding RS cases over AWGN, EPA5 and ETU70 channels. 
In Figure 1, the RSRP measurement accuracy over AWGN channel is shown. It is observed that measurement periods of 200 and 400ms do not have a significant impact on the measurement accuracy for this channel model. It is also observed that the MBSFN case with colliding RS has a positive bias compared to the normal ABS case with non-colliding RS. The bias is found to increase with the interfering cell SNR. For the cases of (serving cell SNR, interfering cell SNR) combination of (0 dB, 10 dB) and (-6, 5 dB), the bias is found to be close to 1 dB. It should be noted that the actual bias could be impacted by both Cell ID and implementation differences.
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(a) Serving 0 dB, Interfering 5 dB             (b) Serving 0 dB, Interfering 10 dB
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(c) Serving -6 dB, Interfering 5 dB             (d) Serving -6 dB, Interfering 10 dB

Figure 1 AWGN, comparing normal ABS with non-colliding RS and MBSFN ABS with colliding RS

In Figure 2, the RSRP measurement accuracy over EPA5 is shown. It is observed that with 200ms measurement duration, the 90% spread of measurements far exceeds the +-2 dB requirements for all SNR conditions. It is noted that 400ms measurement period could reduce the 90% spread by close to 2 dB compared to the 200ms measurement period. It is also observed that the MBSFN colliding RS cases have similar measurement accuracy as the normal ABS non-colliding RS cases.
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(a) Serving 0 dB, Interfering 5 dB             (b) Serving 0 dB, Interfering 10 dB
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(b) Serving -6 dB, Interfering 5 dB             (d) Serving -6 dB, Interfering 10 dB

Figure 2 EPA 5Hz, comparing normal ABS with non-colliding RS and MBSFN ABS with colliding RS

In Figure 3, the RSRP measurement accuracy over ETU70 is shown. It is observed that 400ms measurement period could reduce the 90% spread by close to 1 dB compared to the 200ms measurement period in most cases. It is also observed that the MBSFN colliding RS cases have slightly larger spread compared to the non-colliding RS cases. For the cases of (0,10) and (-6,5), the spread increase is close to 1 dB.
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(a) Serving 0 dB, Interfering 5 dB             (b) Serving 0 dB, Interfering 10 dB
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(c) Serving -6 dB, Interfering 5 dB             (d) Serving -6 dB, Interfering 10 dB

Figure 3 ETU 70Hz, comparing normal ABS with non-colliding RS and MBSFN ABS with colliding RS
3. Conclusions

In this contribution, we provided RSRP simulation results based on the agreed working assumptions in [1]. Based on simulation results provided in this contribution, following observations are made:

Non-colliding RS observations:

· The same RSRP measurement results are obtained for all three ABS patterns with non-colliding RS setup. 

· The same RSRP measurement results are obtained for different interfering cell SNR, which is identical to Rel-8 single cell performance for the same serving cell SNR.
MBSFN ABS colliding RS observations:

· Positive bias of < 1 dB observed over AWGN channels for the cases of (0,10) and (-6,5).

· Larger 90% spread of < 1dB observed over TU70 channels for the cases of (0,10) and (-6,5).

Effect of 400ms vs 200ms measurement durations
· 400ms measurement duration could reduce the 90% spread by 2 dB and 1 dB over the EPA5 and TU70 channels, respectively.
The RSRP measurement performance for TDD is expected to be the same as FDD for the same 1 SF per 40ms sampling period.
References
[1] R4-110593, “Simulation Assumptions for eICIC Intra-Frequency RRM Requirements”, Ericsson, ST-Ericsson

[1] R4-104932, “Way Forward on Candidate TDM Patterns for Evaluation of eICIC Intra-Frequency Requirements”, Vodafone, Ericsson, ST-Ericsson, Qualcomm Inc., CMCC, CATT, Alcatel Lucent, Verizon Wireless, Huawei

[2] R4-103792, “Preliminary Simulation Results for RRM  RLM Measurements over Restricted Resources“, Qualcomm Incorporated. 

[3] R4-100224, “eICIC RRM Simulations”, Qualcomm Incorporated

Appendix

Simulation scenarios are summarized in Table 1.
Table 1 Simulation scenarios

	Scenario
	ABS pattern
	RS Collision
	Serving cell SNR (dB)
	Interfering cell SNR (dB)
	Channel model

	RRM1-1
	Normal ABS
	No
	0
	5
	AWGN

	RRM1-2
	Normal ABS
	No
	0
	10
	AWGN

	RRM1-3
	MBSFN ABS
	No
	0
	5
	AWGN

	RRM1-4
	MBSFN ABS
	No
	0
	10
	AWGN

	RRM1-5
	MBSFN ABS
	Yes
	0
	5
	AWGN

	RRM1-6
	MBSFN ABS
	Yes
	0
	10
	AWGN

	RRM2-1
	Normal ABS
	No
	-6
	5
	AWGN

	RRM2-2
	Normal ABS
	No
	-6
	10
	AWGN

	RRM2-3
	MBSFN ABS
	No
	-6
	5
	AWGN

	RRM2-4
	MBSFN ABS
	No
	-6
	10
	AWGN

	RRM2-5
	MBSFN ABS
	Yes
	-6
	5
	AWGN

	RRM2-6
	MBSFN ABS
	Yes
	-6
	10
	AWGN

	RRM3-1
	Normal ABS
	No
	0
	5
	EPA 5 Hz

	RRM3-2
	Normal ABS
	No
	0
	10
	EPA 5 Hz

	RRM3-3
	MBSFN ABS
	No
	0
	5
	EPA 5 Hz

	RRM3-4
	MBSFN ABS
	No
	0
	10
	EPA 5 Hz

	RRM3-5
	MBSFN ABS
	Yes
	0
	5
	EPA 5 Hz

	RRM3-6
	MBSFN ABS
	Yes
	0
	10
	EPA 5 Hz

	RRM4-1
	Normal ABS
	No
	-6
	5
	EPA 5 Hz

	RRM4-2
	Normal ABS
	No
	-6
	10
	EPA 5 Hz

	RRM4-3
	MBSFN ABS
	No
	-6
	5
	EPA 5 Hz

	RRM4-4
	MBSFN ABS
	No
	-6
	10
	EPA 5 Hz

	RRM4-5
	MBSFN ABS
	Yes
	-6
	5
	EPA 5 Hz

	RRM4-6
	MBSFN ABS
	Yes
	-6
	10
	EPA 5 Hz

	RRM5-1
	Normal ABS
	No
	0
	5
	ETU 70 Hz

	RRM5-2
	Normal ABS
	No
	0
	10
	ETU 70 Hz

	RRM5-3
	MBSFN ABS
	No
	0
	5
	ETU 70 Hz

	RRM5-4
	MBSFN ABS
	No
	0
	10
	ETU 70 Hz

	RRM5-5
	MBSFN ABS
	Yes
	0
	5
	ETU 70 Hz

	RRM5-6
	MBSFN ABS
	Yes
	0
	10
	ETU 70 Hz

	RRM6-1
	Normal ABS
	No
	-6
	5
	ETU 70 Hz

	RRM6-2
	Normal ABS
	No
	-6
	10
	ETU 70 Hz

	RRM6-3
	MBSFN ABS
	No
	-6
	5
	ETU 70 Hz

	RRM6-4
	MBSFN ABS
	No
	-6
	10
	ETU 70 Hz

	RRM6-5
	MBSFN ABS
	Yes
	-6
	5
	ETU 70 Hz

	RRM6-6
	MBSFN ABS
	Yes
	-6
	10
	ETU 70 Hz


8
4

