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1 Introduction

In RAN 4 68 the way forward in [1] as well as the framework document [2] were agreed.
· Framework for Demod test 
· Test 1-A: CoMP scenario 4 
· Test 1-B: CoMP scenario 4 with DPS
· Test 2-A: CoMP scenario 3 with colliding CRS without CRC-IC
· Test 2-C: CoMP scenario 3 with non-colliding CRS with CRS-IC 
· FFS in next meeting
· Test 2-B: CoMP scenario 3 with colliding CRS with CRS-IC
· FFS for whether only serving cell needs to be cancelled or other cells also need to be cancelled
· FFS whether to introduce additional test under CoMP scenario 3 for PDCCH and PDSCH overlapping. 
· Other test cases are not precluded
· On top of agreed test parameters in last meeting, some further agreement of test parameters are captured in slide 4, slide 5 and slide 6. 
· Updated framework will capture all the agreed simulation parameters
· Companies are encouraged to provide more simulation results in next meeting
· The options of certain test parameters as marked in red will be decided in next meeting depending on whether different UE behavior can be  discriminated 
In this contribution we provide set up for Test 2 and corresponding simulation results. 

In document  [3] the following options are provided for Test 2.

Option 1. Consider Test 2 with the assumption that the UE is capable of handling 2 interferers. Define a test set up for test 2-C such that at least one interfering cells does not correspond to the serving cell, to guarantee the UE capability.

Option 2. Consider only a single test where colliding and non colliding CRSs are used under the assumption that the UE is capable of handling 2 interferers.. 

Option 3. Consider Test 2-A and remove Test 2-C. Test 2-A is modified with conditions such as the use of CRS interference cancellation is exploited (in this case it can be discussed further whether to introduce 1 or 2 dominant interferers).

Option 4. Consider Test 2-A and remove test 2-C. Discuss further whether to apply the same changes to test 2-A as in Option 3.

In the following we provide simulation results for the following cases:

Test 2-A as per framework

Test 2-A with the modifications as defined in option 3 with the introduction of 2 interferers.
Test 2-C with the modifications as defined in option 1.

Test 2-C with the modifications as defined in option 2.

2 Test 2-A as per framework
Table 1 provides the details of the parameters used for the simulation results:

Table 1: Parameters for test 2-A

	Parameter
	TP1 (high power TP)
	TP2 (low power TP)

	Carrier frequency (GHz)
	2

	System bandwidth (MHz)
	10MHz

	Cell ID
	0
	126

	PDCCH transmission Point
	Fixed at TP1 as serving cell
	NA

	PDSCH transmission Point
	Blanked
	Fixed at TP2

	Channel model
	EPA 
	EVA

	Doppler frequency (Hz)
	5Hz
	5Hz

	Antenna configuration
	2x2 Low
	2x2 Low

	SNR (seen at UE receivers)
	SNR TP2+CdB, C=4dB
	Simulation results are provided for SNRTP2 =0:2:24

	Number of allocated resource blocks (PRB)
	N/A
	50

	Transmission mode
	N/A
	10

	Cell-specific reference signals
	Port {0,1}
	Port {0,1}

	CSI reference signals 0
	N/A
	Port {15,16}

	CSI-RS 1 periodicity and subframe offset (TCSI-RS / ICSI-RS)
	NA
	5/2

	CSI-RS 1 configuration
	NA
	0

	ZP CSI-RS 1 periodicity and sub-frame offset (TCSI-RS / ICSI-RS)
	NA
	5/2

	ZP CSI-RS 1 configuration
	NA
	2

	PDCCH decoding
	ideal

	PMI
	N/A
	Random

	MCS & Rank
	N/A
	· 64QAM 1/2 Rank1 

· 16QAM 1/2 Rank2

· 64QAM 1/2 Rank 2 

	Cyclic prefix
	Normal
	Normal

	Number of HARQ processes
	8
	8

	Maximum number of HARQ transmission
	4
	4

	Number of OFDM symbols for PDCCH
	1
	2
PDSCH starting symbol is derived from PQI signaling

	Timing offset (us)
	0
	0

	Frequency error (Hz)
	0
	200

	Simulation length
	10000 sub-frames at minimum
	10000 sub-frames at minimum


Figures 1-3 show the performance results for 64QAM ½ rank=1, 16QAM ½ rank=2 and 64QAM ½ rank=2. Figure 4 and 5 show the performance results when EPA is used for TP1 and ETU is used for TP2 for 16QAM RI=2 and 64QAM RI=1. In the figures the following curves are represented:
· Throughput curve with correct behaviour B 
· Throughput curve with correct behavior B
· Correct Behaviour B but wrong PDP estimation
· Wrong behaviour A  but correct PDP estimation 
· Wrong behavior A

From the figures below the following observations can be done

· It is difficult to discriminate between correct and wrong PDP estimation by considering the setting agreed in the framework. When 64QAM RI=2 is considered, some degradation of the performance can be seen but only for high SNR.
· If correct PDP estimation is tested together with frequency error then 64QAM rank=2 needs to be selected as shown in Figure 3 together with a sufficiently high SNR or a better condition would be 16QAM rank=2 or 64QAM RI=1 and EPA for TP1 and ETU for TP2 as shown in Figures 4 and 5. This guarantees good discrimination of the performance at reasonable SNR levels.
· Correct frequency error compensation can be easily detected as the difference between correct behaviour B and wrong behaviour A is large. 
Proposal 1: If correct PDP estimation is to be performed together with frequency error then consider 16QAM ½ rank=2 or 64QAM ½ Rank=1 and EPA channel for TP1 and ETU for TP2. 
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Figure 1. 64QAM ½ rank=1
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Figure 2. 16QAM ½ rank=2
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Figure 3. 64QAM ½ rank=2
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Figure 4. 16QAM Rank=2, EPA and ETU.
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Figure 5, 64QAM RI=1, EPA and ETU
3 Modified Test 2-A

Table 2 provides the table with the parameters for the modified Test 2-A. The modifications with respect to Table 1 are highlighted in yellow.
Table 2: Parameters for test 2-A

	Parameter
	TP1 (high power TP)
	TP2 (low power TP)
	TP3 (low power TP)

	Carrier frequency (GHz)
	2

	System bandwidth (MHz)
	10MHz

	Cell ID
	0
	126
	6

	PDCCH transmission Point
	Fixed at TP1 as serving cell
	NA
	NA

	PDSCH transmission Point
	Blanked
	Fixed at TP2
	Blanked

	Channel model
	EPA 
	ETU
	EPA

	Doppler frequency (Hz)
	5Hz
	5Hz
	5Hz

	Antenna configuration
	2x2 Low
	2x2 Low
	2x2 Low

	SNR (seen at UE receivers)
	SNR TP2+CdB, C=4dB
	Simulation results are provided for SNRTP2 =0:2:24
	SNR TP2+YdB, Y=4dB 

	Number of allocated resource blocks (PRB)
	N/A
	50
	NA

	Transmission mode
	N/A
	10
	NA

	Cell-specific reference signals
	Port {0,1}
	Port {0,1}
	Port {0,1}

	CSI reference signals 0
	N/A
	Port {15,16}
	N/A

	CSI-RS 1 periodicity and subframe offset (TCSI-RS / ICSI-RS)
	NA
	5/2
	NA

	CSI-RS 1 configuration
	NA
	0
	NA

	ZP CSI-RS 1 periodicity and sub-frame offset (TCSI-RS / ICSI-RS)
	NA
	5/2
	NA

	ZP CSI-RS 1 configuration
	NA
	2
	NA

	PDCCH decoding
	Ideal

	PMI
	N/A
	Random
	NA

	MCS & Rank
	N/A
	· 16QAM 1/2 Rank2

· 64QAM 1/2 Rank 2 
	    NA

	Cyclic prefix
	Normal
	Normal
	Normal

	Number of HARQ processes
	8
	8
	8

	Maximum number of HARQ transmission
	4
	4
	4

	Number of OFDM symbols for PDCCH
	1
	2
PDSCH starting symbol is derived from PQI signaling
	1

	Timing offset (us)
	0
	0
	0

	Frequency error (Hz)
	0
	200
	0

	Simulation length
	10000 sub-frames at minimum
	10000 sub-frames at minimum
	10000 sub-frames at minimum


Figure 6 shows the results for 16QAM rank 2 and C=4dB and Y=4dB, i.e CRS SNR TP2 = -7dB. Figure 7 shows the results for 64QAM rank=2 and Figure 8 shows the results for 64QAM rank=1.
In the figures the following curves are provided

· Throughput results with correct behaviour B and no CRS-IC

· Throughput results with correct behaviour B and CRS-IC 

· Throughput results with wrong behaviour A. 

Additionally the throughput results with correct and wrong PDP are also shown.
From the figures below the following observations can be done:

· CRS-IC allows gaining some throughput performance when interferers have high power (e.g interference coming from 2 cells which lower the CRS SNR of the wanted transmission node or when a single interferer is highly dominant).
Proposal 2: Consider the above mentioned set up if RAN 4 decides to modify Test 2-A  to test the usage CRS interference handling.
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Figure 6. 16QAM Rank = 2.
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Figure 7. 64QAM Rank = 2.
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Figure 8. 64QAM Rank=1
4 Modified Test 2-C as per option 1
Under the modification of test 2-C we consider that the UE is capable of handling cancellation of 2 dominant interferers. 
The following set up could be considered.

Table 3. Set up for the modification of test 2-C according to option 1.

	Parameter
	TP1 (high power TP)
	TP2 (low power TP)
	TP3 (an additional interfering LPN)

	Carrier frequency (GHz)
	2

	System bandwidth (MHz)
	10MHz

	Cell ID
	0
	1
	2

	PDCCH transmission Point
	Fixed at TP1 as serving cell
	NA
	NA

	PDSCH transmission Point
	Blanked
	Fixed at TP2
	Blanked

	Channel model
	EPA
	EVA
	EPA

	Doppler frequency (Hz)
	5Hz
	5Hz
	5

	Antenna configuration
	2x2 Low
	2x2 Low
	2x2

	SNR (seen at UE receivers)
	SNR TP2+XdB
X=
· Case1:  -4dB

· Case 2: 0dB

· Case 3: 4dB 
	Performance provided for SNRTP2 =0:2:24
	SNR TP2+Y
Y=

· Case 1a: 4dB  

· Case 1b: 0dB

· Case 1c: -4dB

· Case 2a: 4dB  

· Case 2b: 0dB

· Case 2c: -4dB

· Case 3a: 4dB  

· Case 3b: 0dB

· Case 3c: -4dB



	Number of allocated resource blocks (PRB)
	N/A
	50
	NA

	Transmission mode
	N/A
	10
	NA

	Cell-specific reference signals
	Port {0,1}
	Port {0,1}
	Port {0,1}

	CSI reference signals 0
	N/A
	Port {15,16}
	N/A

	CSI-RS 1 periodicity and subframe offset (TCSI-RS / ICSI-RS)
	NA
	5/2
	NA

	ZP CSI-RS 1 periodicity and sub-frame offset (TCSI-RS / ICSI-RS)
	NA
	5/2
	NA

	ZP CSI-RS 1 configuration
	NA
	2
	NA

	CSI-RS 1 configuration
	NA
	0
	NA

	PDCCH decoding
	ideal
	

	PMI
	N/A
	Random
	N/A

	MCS & Rank
	N/A
	· 64QAM ½ RI=1 
	N/A

	Cyclic prefix
	Normal
	Normal
	Normal

	Number of HARQ processes
	8
	8
	8

	Maximum number of HARQ transmission
	4
	4
	4

	Number of OFDM symbols for PDCCH
	1
	2
	1

	Timing offset (us)
	0
	0
	0

	Frequency error (Hz)
	0
	200
	0

	Simulation length
	10000 sub-frames at minimum
	10000 sub-frames at minimum
	10000 sub-frames at minimum


Several simulation results are provided in  [3]. Here we provide only the simulation results for the two extreme conditions, in Figures 9 and 10.
The figures show the following throughput curves:

· Throughput obtained for correct behavior B without CRS-IC

· Throughput obtained for correct behavior B with CRS-IC only cancelling TP1

· Throughput obtained for correct behavior B with CRS-IC cancelling TP1 and TP2.

From the figures below it is clear that when two dominant interferers are present cancelling a single cell is not enough and severe degradation of the performance are observed if only 1 cell is cancelled. Additionally there is no guarantee that the serving macro cell is the dominant interferer.  

Proposal 3: Consider the above mentioned set up if RAN 4 decides to modify Test 2-C to test the usage CRS interference handling. 
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Figure 9. X=4dB, Y=-4dB.
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Figure 10. X=-4dB, Y=4dB.

5 Modified Test 2-C as per option 2

Under the modification of test 2-C we consider that the UE is capable of handling cancellation of 2 dominant interferers; one interfering cell (serving cell) is colliding and one interfering cell is non colliding.

The following set up could be considered.

Table 4. Set up for the modification of test 2-C according to option 2.

	Parameter
	TP1 (high power TP)
	TP2 (low power TP)
	TP3 (an additional interfering LPN)

	Carrier frequency (GHz)
	2

	System bandwidth (MHz)
	10MHz

	Cell ID
	0
	126
	2

	PDCCH transmission Point
	Fixed at TP1 as serving cell
	NA
	NA

	PDSCH transmission Point
	Blanked
	Fixed at TP2
	Blanked

	Channel model
	EPA
	ETU
	EPA

	Doppler frequency (Hz)
	5Hz
	5Hz
	5

	Antenna configuration
	2x2 Low
	2x2 Low
	2x2

	SNR (seen at UE receivers)
	SNR TP2+XdB
X=
· 4/6dB
	Performance provided for SNRTP2 =0:2:24
	SNR TP2+Y
Y=

Y= 4dB  

	Number of allocated resource blocks (PRB)
	N/A
	50
	NA

	Transmission mode
	N/A
	10
	NA

	Cell-specific reference signals
	Port {0,1}
	Port {0,1}
	Port {0,1}

	CSI reference signals 0
	N/A
	Port {15,16}
	N/A

	CSI-RS 1 periodicity and subframe offset (TCSI-RS / ICSI-RS)
	NA
	5/2
	NA

	ZP CSI-RS 1 periodicity and sub-frame offset (TCSI-RS / ICSI-RS)
	NA
	5/2
	NA

	ZP CSI-RS 1 configuration
	NA
	2
	NA

	CSI-RS 1 configuration
	NA
	0
	NA

	PDCCH decoding
	ideal
	

	PMI
	N/A
	Random
	N/A

	MCS & Rank
	N/A
	· 16QAM ½ RI=2 
	N/A

	Cyclic prefix
	Normal
	Normal
	Normal

	Number of HARQ processes
	8
	8
	8

	Maximum number of HARQ transmission
	4
	4
	4

	Number of OFDM symbols for PDCCH
	1
	2
	1

	Timing offset (us)
	0
	0
	0

	Frequency error (Hz)
	0
	200
	0

	Simulation length
	10000 sub-frames at minimum
	10000 sub-frames at minimum
	10000 sub-frames at minimum


Simulation results are provided in  [3]. Here we provide only the simulation results for the two extreme conditions.

The figures show the following throughput curves:

· Throughput obtained for correct behavior B without CRS-IC

· Throughput obtained for correct behavior B with CRS-IC only cancelling TP1 for frequency error
· Throughput obtained for correct behavior B with CRS-IC TP2 for PDSCH performance improvements but not cancelling TP1.

· Throughput obtained for correct behavior B with CRS-IC cancelling TP1 and TP2 for frequency error and for PDSCH performance improvements

Figure 11 and 12 show the performance results for X=4 and X=6dB.

Considering the figures below the following observations can be drawn:
· Cancelling both colliding and non colliding cells guarantee optimal performance in all the scenario 

Proposal 4: Consider the above mentioned set up if RAN 4 decides to modify Test 2-C to test the usage CRS interference handling. 
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Figure 11. X=4dB.
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Figure 12. X=6dB

6 Conclusions

In this paper we provide simulation results for test 2. The following options proposed and justified in [3] have been considered:

Option 1. Consider Test 2 with the assumption that the UE is capable of handling 2 interferers. Define a test set up for test 2-C such that at least one interfering cells does not correspond to the serving cell, to guarantee the UE capability.

Option 2. Consider only a single test where colliding and non colliding CRSs are used under the assumption that the UE is capable of handling 2 interferers.. 

Option 3. Consider Test 2-A and remove Test 2-C. Test 2-A is modified with conditions such as the use of CRS interference cancellation is exploited (in this case it can be discussed further whether to introduce 1 or 2 dominant interferers).

Option 4. Consider Test 2-A and remove test 2-C. Discuss further whether to apply the same changes to test 2-A as in Option 3.

In the following we provide simulation results for the following cases:

Test 2-A as per framework

Test 2-A with the modifications as defined in option 3 with the introduction of 2 interferers.
Test 2-C with the modifications as defined in option 1.

Test 2-C with the modifications as defined in option 2.

The following proposals have been made:

Proposal 1: If test 2-A as per framework is considered, and if correct PDP estimation is to be performed together with frequency error test 2-A then consider 16QAM ½ rank=2 or 64QAM ½ Rank=1 and EPA channel for TP1 and ETU for TP2. 

Proposal 2: If RAN 4 decides to modify test 2-A to include verifying correct usage of CRS-IC, then consider the set up in Table 2, which includes preferably 2 colliding cells. 

Proposal 3: If RAN 4 decides to introduce test 2-C to test the usage CRS interference handling, consider the set up in Table 3 (modifications as per option 1). 

Proposal 4: Alternatively, if RAN 4 decides to introduce test 2-C to test the usage CRS interference handling, consider the set up in Table 4 (modifications as per option 2).
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