3GPP TSG-RAN WG4 58
R4-111508
February 21st – 25th, 2011, Taipei
Agenda item:
6.13.1

Source: 
Qualcomm Incorporated

Title: 
Simulation results on RLM with eICIC
Document for:
Discussion

1. Introduction

In RAN4 #57AH, the simulation assumptions for RLM with eICIC were agreed [1]. This agreement in conjunction with earlier agreements on the candidate TDM patterns [2] allows participating companies to calibrate simulation results over a limited set of side conditions. In [3, 4], preliminary simulations for eICIC RLM requirements have been provided for normal ABS scenarios. In this contribution, we present further analysis based on the agreed assumptions for the normal ABS configurations.  Further analysis on MBSFN ABS configuration will be provided in a later revision.
2. Simulation Results

The agreed simulation scenarios are summarized in the Appendix. Additional detailed simulation assumptions could be found in [1]. 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 ]
It was observed that the RLM performance for both normal ABS patterns are very similar, hence only one set of results are presented here. In the case of MBSFN ABS, the ABS pattern is defined over non-MBSFN subframes of the serving cell SF0 and SF5. If there is no subframe shift, the required SNR will be identical to the normal ABS case with colliding RS, which was shown to have severe performance degradation [4]. 
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 Figures 1 and 2, we summarized the required SNR to meet the Q_in and Q_out BLER thresholds for three interfering cell SNR values: 0, 5 and 10 dB. For comparison purposes, we also provided the single cell RLM SNR values The exact SNR values could be found in the Appendix.
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(a) QOUT DCI1A BLER 10%                                                        (b) QIN DCI1C BLER 2%
Figure 1 Verification points for normal ABS (RLMx-1/2) and MBSFN ABS (RLMx-3/4) over AWGN channel
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(b) QOUT DCI1A BLER 10%                                                        (b) QIN DCI1C BLER 2%
Figure 2 Verification points for normal ABS (RLMx-1/2) and MBSFN ABS (RLMx-3/4) over ETU 70Hz
It is observed that the performance difference between RLMx-1 (CFI = 2) and RLMx-2 (CFI = 3) diverges at high interfering cell SNR (between 0.3 to 1.1 dB) for the normal ABS non-colliding RS cases. This is due to the fact that the CRS interference to PCFICH becomes more dominant at higher interference level. On the other hand, little difference between CFI = 2 and 3 is observed for the MBSFN colliding RS cases (RLMx-3/4). In these cases, although the channel estimation degrades as the interference level increases, the PCFICH performance is not significantly impacted by the channel estimation loss. 
In general, the required serving cell SNR is observed to increase with the interfering cell SNR as expected. For interfering cell SNR of 5 dB, the normal ABS and MBSFN ABS performance are shown to be comparable. It is also shown that there is close to 1 dB performance degradation compared to Rel-8/9 single cell SNR for the case of CFI = 3 over AWGN channels. It is also shown that there is close to 1.5 dB performance degradation compared to Rel-8/9 single cell SNR for the case of CFI = 3 over ETU70 channels. The performance loss becomes more significant when the interfering cell SNR increases to 10 dB. 
Additional PDCCH decoding BLER curves could be found in the Appendix.

3. Conclusions

In this contribution, we provide serving cell SNR requirements for a subset of RLM verification points under TDM interference according the working assumptions in [1].
Observations
· CFI 3 is shown to significantly improve the verification points under TDM interference for the normal ABS configuration.
· RLM Es/Iot thresholds in AWGN channel should be relaxed by 1 dB under a TDM interferer with Es/Iot of 5 dB
· RLM Es/Iot thresholds in ETU70 channel should be relaxed by 1.5 dB under a TDM interferer with Es/Iot of 5 dB
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Appendix

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

	Scenario
	Description
	ABS pattern
	CFI
	Channel model
	Verification point

	RLM1-1
	2x2 8CCE DCI1A 10MHz SFBC
	Normal ABS
	2
	AWGN
	10%

	RLM1-2
	2x2 8CCE DCI1A 10MHz SFBC
	Normal ABS
	3
	AWGN
	10%

	RLM1-3
	2x2 8CCE DCI1A 10MHz SFBC
	MBSFN ABS
	2
	AWGN
	10%

	RLM1-4
	2x2 8CCE DCI1A 10MHz SFBC
	MBSFN ABS
	3
	AWGN
	10%

	RLM2-1
	2x2 4CCE DCI1C 10MHz SFBC
	Normal ABS
	2
	AWGN
	2%

	RLM2-2
	2x2 4CCE DCI1C 10MHz SFBC
	Normal ABS
	3
	AWGN
	2%

	RLM2-3
	2x2 4CCE DCI1C 10MHz SFBC
	MBSFN ABS
	2
	AWGN
	2%

	RLM2-4
	2x2 4CCE DCI1C 10MHz SFBC
	MBSFN ABS
	3
	AWGN
	2%

	RLM3-1
	2x2 8CCE DCI1A 10MHz SFBC
	Normal ABS
	2
	ETU 70 Hz
	10%

	RLM3-2
	2x2 8CCE DCI1A 10MHz SFBC
	Normal ABS
	3
	ETU 70 Hz
	10%

	RLM3-3
	2x2 8CCE DCI1A 10MHz SFBC
	MBSFN ABS
	2
	ETU 70 Hz
	10%

	RLM3-4
	2x2 8CCE DCI1A 10MHz SFBC
	MBSFN ABS
	3
	ETU 70 Hz
	10%

	RLM4-1
	2x2 4CCE DCI1C 10MHz SFBC
	Normal ABS
	2
	ETU 70 Hz
	2%

	RLM4-2
	2x2 4CCE DCI1C 10MHz SFBC
	Normal ABS
	3
	ETU 70 Hz
	2%

	RLM4-3
	2x2 4CCE DCI1C 10MHz SFBC
	MBSFN ABS
	2
	ETU 70 Hz
	2%

	RLM4-4
	2x2 4CCE DCI1C 10MHz SFBC
	MBSFN ABS
	3
	ETU 70 Hz
	2%


The SNR points are tabulated in Table 2.
Table 2 Summary of results
	Scenario 
	Description 
	ABS pattern 
	CFI 
	Channel model 
	Verification point 
	Intf SNR:

-INF dB 
	Intf SNR: 0dB 
	Intf SNR: 5dB 
	Intf SNR: 10dB 

	RLM1-1 
	2x2 8CCE DCI1A 10MHz SFBC 
	Normal ABS 
	2 
	AWGN 
	10% 
	-10.5
	-9.8
	-8.6
	-6.0

	RLM1-2 
	2x2 8CCE DCI1A 10MHz SFBC 
	Normal ABS 
	3 
	AWGN 
	10% 
	-10.7 
	-10.3 
	-9.6 
	-7.9 

	RLM1-3 
	2x2 8CCE DCI1A 10MHz SFBC 
	MBSFN ABS 
	2
	AWGN 
	10%
	-10.5 
	-9.4
	-9.4
	-9.3

	RLM1-4 
	2x2 8CCE DCI1A 10MHz SFBC 
	MBSFN ABS 
	3
	AWGN 
	10%
	-10.7 
	-9.5
	-9.5
	-9.5

	RLM2-1 
	2x2 4CCE DCI1C 10MHz SFBC 
	Normal ABS 
	2 
	AWGN 
	2% 
	-6.3 
	-5.9 
	-4.9 
	-2.5 

	RLM2-2 
	2x2 4CCE DCI1C 10MHz SFBC 
	Normal ABS 
	3 
	AWGN 
	2% 
	-6.3 
	-6.0 
	-5.2 
	-3.4 

	RLM2-3 
	2x2 4CCE DCI1C 10MHz SFBC 
	MBSFN ABS 
	2
	AWGN 
	2%
	-6.3 
	-5.5
	-5.5
	-5.4

	RLM2-4 
	2x2 4CCE DCI1C 10MHz SFBC 
	MBSFN ABS 
	3
	AWGN 
	2%
	-6.3 
	-5.5
	-5.5
	-5.35

	RLM3-1 
	2x2 8CCE DCI1A 10MHz SFBC 
	Normal ABS 
	2 
	ETU 70 Hz 
	10% 
	-10 
	-9.0 
	-7.7 
	-5.1 

	RLM3-2 
	2x2 8CCE DCI1A 10MHz SFBC 
	Normal ABS 
	3 
	ETU 70 Hz 
	10% 
	-10.2 
	-9.6 
	-8.8 
	-7.4 

	RLM3-3 
	2x2 8CCE DCI1A 10MHz SFBC 
	MBSFN ABS 
	2
	ETU 70 Hz 
	10%
	-10 
	-8.2
	-7.6
	-6.5

	RLM3-4 
	2x2 8CCE DCI1A 10MHz SFBC 
	MBSFN ABS 
	3
	ETU 70 Hz 
	10%
	-10.2 
	-8.4
	-7.7
	-6.6

	RLM4-1 
	2x2 4CCE DCI1C 10MHz SFBC 
	Normal ABS 
	2 
	ETU 70 Hz 
	2% 
	-5.8 
	-4.7 
	-3.6 
	-1.4 

	RLM4-2 
	2x2 4CCE DCI1C 10MHz SFBC 
	Normal ABS 
	3 
	ETU 70 Hz 
	2% 
	-5.8 
	-5.0 
	-4.2 
	-2.5 

	RLM4-3 
	2x2 4CCE DCI1C 10MHz SFBC 
	MBSFN ABS 
	2
	ETU 70 Hz 
	2%
	-5.8 
	-4.2
	-3.7
	-2.8

	RLM4-4 
	2x2 4CCE DCI1C 10MHz SFBC 
	MBSFN ABS 
	3
	ETU 70 Hz 
	2%
	-5.8 
	-4.2
	-3.7
	-2.7


BLER for PDCCH decoding are shown in Figure 3 for the case of interfering cell SNR of 5 dB.
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(a) CFI = 2, AWGN, Intf SNR = 5 dB       (b) CFI = 3, AWGN, Intf SNR = 5 dB

[image: image7.emf]-14 -12 -10 -8 -6 -4 -2 0

10

-3

10

-2

10

-1

10

0

Serving Cell Geometry (dB)

Probability

ETU70, Interfering Cell: 121, Geometry: 5dB

 

 

BLER for DCI-1A (OOSync)

BLER for DCI-1C (INSync)

 [image: image8.emf]-14 -12 -10 -8 -6 -4 -2 0

10

-3

10

-2

10

-1

10

0

Serving Cell Geometry (dB)

Probability

ETU70, Interfering Cell: 121, Geometry: 5dB

 

 

BLER for DCI-1A (OOSync)

BLER for DCI-1C (INSync)


(c) CFI = 2, ETU70, Intf SNR = 5 dB                 (d) CFI = 3, ETU70, Intf SNR = 5 dB

Figure 3 Selected PDCCH BLER curves for Intf SNR =  5dB
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