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1 Introduction
In this paper, we present simulation results of TM2, TM3 and TM6 PDSCH demodulation in zero power ABS in Rel-11 FeICIC scenario. Two interfering cells, one with colliding CRS and the other with non-colliding CRS are considered. CRS interference cancellation (IC) has been used for both. Agreements so far up to RAN4#67 meeting have been used in modelling the simulation. Basically, there have been new agreements about potential TM3 test setup. We make some relevant observations and proposals. 
2 Discussion
In the last RAN4#67 meeting, a number of agreements have been reached regarding UE demodulation in FeICIC scenario [1], [2]. Some of the relevant agreements are reproduced below from [1], [2]:

WF on Interference level for PDSCH demodulation test cases:

WF on CRS configuration for PDSCH TM3 (non-MBSFN ABS) for FeICIC

· Open issue 
· Use of “NC” or “CN”
· Proposal
· “NC” should be selected.
· Justifications: R4-132197
· It seems that performance for 2 cell IC in CN configuration is almost the same as that for 2 cell IC in NC configuration.
· NC configuration would provide more differentiation between 1 cell IC and 2 cell IC capable UEs. 
· Using CN configuration would give us only small differentiation which is not enough if we add any margins.
· Thus, NC configuration can more clearly differentiate 2 Cell IC and 1 Cell IC as well as guarantee performance for 2 Cell IC in both CN and NC.
· Not Introduce TM3 test cases with MBSFN ABS;

· TM3: Introduce the high SNR test case for FeICIC.

· TM3: There are two options for test methods and they will be evaluated further in the next meeting.

· Option 1: lower the interference levels for both aggressor cells (D1/Noc1 = 5, D2/Noc1 = 3); define the minimum requirements with no CRS-IC. The MCS is the same as TM3 test case. The CRS configuration is the same as TM3 test cases.

· Option 2: use R.35 and lower the interference level of the 2nd aggressor cell. (D1/Noc1 = 9dB, D2/Noc1=1dB). The CRS configuration is the same as TM3 test cases.

· CRS configuration for PDSCH TM3:

· Option 1: 1st aggressor cell has non-colliding CRS, 2nd aggressor cell has colliding CRS

· Option 2: 1st aggressor cell has colliding CRS, 2nd aggressor cell has non-colliding CRS

· In this meeting companies are invited to further check which option above will be used.

PDSCH TM2, TM3 and TM6

Agreed Way Forward:

· CRS configuration for PDSCH TM2

· 1st aggressor cell has colliding CRS, 2nd aggressor cell has non-colliding CRS;

· CRS configuration for PDSCH TM3:

· Option 1: 1st aggressor cell has non-colliding CRS, 2nd aggressor cell has colliding CRS

· Option 2: 1st aggressor cell has colliding CRS, 2nd aggressor cell has non-colliding CRS

· In this meeting companies are invited to further check which option above will be used.

· MCS for PDSCH TM2 test cases: 

· 16QAM 1/2 for TM6 and QPSK1/2 for TM2.

· Test Metrics for PDSCH TM2, TM3 and TM6:

· 70% relative throughput for all

· CSI reporting modes for TM6 tests

· Define one test case with PUSCH 3-1

2.1 Simulation Assumptions
Based on the above agreement, we present PDSCH demodulation performance in zero power ABS for Rel-11 FeICIC. Most of the eICIC framework has been re-used. However, there are some parameters agreed in the last RAN4#67 meeting that are different from eICIC framework. In addition to some agreements in RAN4#67 meeting, we use some additional cases, such as option 3 for TM3: D1/Noc1 = 9, D2/Noc1 = 4 since option 1 and 2 doesn’t perform up to expectation.
Table 1: Simulation Parameters

	Parameter
	Unit
	Serving cell
	Interfering Cell 1
	Interfering Cell 2

	Transmission mode
	
	

TM2
(QPSK1/2: 6968)

TM3, 2 layers 
 (QPSK, 5160, 16QAM, ½: 12960 and 0.6: 14112)

TM6

 (16QAM, ½, 12960)

(2x2)
	

TM2

(QPSK/1/2: 6968)

TM3, 2 layers 

 (QPSK, 5160, 16QAM, ½, 12960 and 0.6: 14112)

TM6

 (16QAM, ½, 12960)

(2x2)
	

TM2

(QPSK1/2: 6968)

TM3, 2 layers 

 (QPSK, 5160, 16QAM, ½: 12960 and 0.6: 14112)

TM6

 (16QAM, ½, 12960)

(2x2)

	Downlink power allocation
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	dB
	-3
	-3
	-3
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	dB
	-3 (Note 1)
	-3
	-3
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	dBm/15kHz
	-98 (Note 2)
	N/A
	N/A
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	dBm/15kHz
	-98 (Note 3)
	N/A
	N/A
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	dBm/15kHz
	-93 (Note 4)
	N/A
	N/A
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	dB
	-8 to 20 dB
	12 dB for TM2 and TM6
Op1: 5 dB, Op2: 9 dB or Op3: 9 dB for TM3
	10 dB for TM2 and TM6
Op1: 3 dB, Op2: 1 dB Op3: 4 dB for TM3

	CRS collision
	
	
	Colliding for TM2,TM6

Non-colliding for TM3
	Non-colliding for TM2,TM6

Colliding for TM3

	BWChannel
	MHz
	10
	10
	10

	Subframe configuration
	
	Non-MBSFN
	Non-MBSFN
	Non-MBSFN

	Time Offset with serving cell
	(s
	2.5 (synchronous cells)

	Cell Id
	
	0
	1
	6

	ABS pattern (Note 5)
	
	N/A
	[11000100 11000000 11000000 11000000 11000000]
	[11000100 11000000 11000000 11000000 11000000]

	Number of control OFDM symbols
	
	2
	2
	2

	Channel
	
	EVA5
	EVA5
	EVA5

	Antenna correlation
	
	Low
	Low
	Low

	Note 1:
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Note 2:
This noise is applied in OFDM symbols #1, #2, #3, #5, #6, #8, #9, #10,#12, #13 of a subframe overlapping with the aggressor ABS (non-CRS symbols)

Note 3:
This noise is applied in OFDM symbols #0, #4, #7, #11 of a subframe overlapping  with the aggressor ABS (CRS symbols)

Note 4:
This noise is applied in all OFDM symbols of a subframe overlapping with aggressor non-ABS

Note 5:
ABS pattern as defined in [9]. PDSCH other than SIB1/paging and its associated PDCCH/PCFICH are transmitted in the serving cell subframe when the subframe is overlapped with the ABS subframe of aggressor cell and the subframe is available in the definition of the reference channel.
	


The subframe 5 is excluded from data scheduling in serving sell even while colliding with ABS.
2.2 Simulation Results: Two explicitly modelled interference: One with colliding CRS and the other with non-colliding CRS
2.2.1 Results for Noc1/Noc2 = 0 dB, Noc3/Noc2 = 5 dB
In this sub-section, we present simulation results for two explicitly modelled interference one with colliding CRS and the other with non-colliding CRS. A CRS IC receiver is used to cancel both the CRS interferences. We used Noc1 = Noc2, Noc3 = Noc2 + 5 dB. 

2.2.1.1 TM2 Results: QPSK
Fig. 1 shows the throughput vs. SNR in dB.
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Fig 1 Throughput vs SNR (dB) for TM2: QPSK, ½ rate, block size 6968.
Fig 1 shows TM2 test case with QPSK would have around 4 dB difference between CRS-IC and no CRS IC performance at 70% of maximum throughput. This is pretty generous.

Observation 1: TM2 test case with QPSK can be easily introduced since UEs that implemented CRS IC can be easily distinguished from UEs that don’t.
2.2.1.2 TM3 Results: 16QAM
For TM3 we consider both options as described in section 2. 

Fig. 2 shows the throughput vs. SNR in dB for TM3 with option 1.
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Fig 2 Throughput vs SNR (dB) for TM3: 16QAM Option 1: D1/Noc1 = 5, D2/Noc1 = 3. Block size 12960.
Fig. 3 shows the throughput vs. SNR in dB for TM3 with option 2.
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Fig 3 Throughput vs. SNR (dB) for TM3: 16QAM Option 2: D1/Noc1 = 9, D2/Noc1 = 1. Block size 12960.
From the above two figures, we have the following observations:

Observation 2: With the simulation set up used the performance difference for using CRS IC or not is still small for TM3.  The difference is a bit better for option 2 that is around 1.5 dB at 70% maximum throughput.
Hence we consider a new oprtion 3 with D1/Noc1 = 9, D2/Noc1 = 4.
Fig. 4 shows the throughput vs. SNR in dB for TM3 with option 3.
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Fig 4 Throughput vs. SNR (dB) for TM3: 16QAM Option 3: D1/Noc1 = 9, D2/Noc1 = 4. Block size 12960.
Table 2

TM3 16QAM performance comparison

	Interfering cells power
	Difference with CRS IC and no CTS IC at 70% Max T-PUT for 16QAM

	
	Block size 12960
	Block size 14112

	5 dB, 3 dB
	1.25 dB
	

	9 dB, 1 dB
	1.5 dB
	1.7 dB

	9 dB, 4 dB
	2 dB
	1.9 dB

	4 dB, 4 dB
	1.5 dB
	


As seen from Fig. 4 and table 2, the best difference can be seen for D1/Noc1 = 9, D2/Noc1 = 4 with block size 12960.Hence, we propose that if TM3 16AM test is introduced, this set up should be used. Another option could be to use QPSK as shown below.

Observation 3: Using D1/Noc1 = 9, D2/Noc1 = 4 for TM3 gives wider performance difference for using CRS IC or not.

2.2.1.3 TM3 Results: QPSK
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Fig 5 Throughput vs. SNR (dB) for TM3: QPSK Option 2: D1/Noc1 = 9, D2/Noc1 = 1. Block size 5160.
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Fig 6 Throughput vs. SNR (dB) for TM3: QPSK Option 3: D1/Noc1 = 9, D2/Noc1 = 4. Block size 5160.

As seen from Figs 5 and 6, using QPSK gives better difference between CRS IC and no CRS IC. Nearly 3 dB difference is obtained at 70% of maximum throughput. Hence, using QPSK for TM3 is also an option.
2.2.1.4 TM6 Results: 16QAM
Fig. 5 shows the throughput vs. SNR in dB for TM6.
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Fig 7 Throughput vs. SNR (dB) for TM6: 16QAM.

As seen from Fig 7, the margin at 70% maximum throughput is around 4 dB that is pretty good. Hence we observe:
Observation 4: TM6 test case with 16QAM can be easily introduced since UEs that implemented CRS IC can be easily distinguished from UEs that don’t.

3 Conclusions

In this contribution, we presented zero power ABS PDSCH demodulation simulation results for FeICIC scenario by considering CRS IC receiver for both interferers. We propose that our simulation results are taken in to account to develop alignment. We have the following observations:
Observation 1: TM2 test case with QPSK can be easily introduced since UEs that implemented CRS IC can be easily distinguished from UEs that don’t.

Observation 2: With the simulation set up used the performance difference for using CRS IC or not is still small for TM3.  The difference is a bit better for option 2 that is around 1.5 dB at 70% maximum throughput.
Observation 3: Using D1/Noc1 = 9, D2/Noc1 = 4 for TM3 gives wider performance difference for using CRS IC or not.

Observation 4: TM6 test case with 16QAM can be easily introduced since UEs that implemented CRS IC can be easily distinguished from UEs that don’t.

Based on the observations above, we have the following proposals:

Proposal 1: TM2 and TM6 test setups can be used for Rel-11 FeICIC demodulation in their present form. 

Proposal 2: Consider further if to introduce test for TM3. If yes, consider D1/Noc1 = 9, D2/Noc1 = 4 and 70% maximum throughput.
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