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Introduction
[bookmark: OLE_LINK49][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK90][bookmark: OLE_LINK91]In RAN #73 meeting, the “LTE Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements” WI was initiated [1]. In the previous RAN4#81 meeting, further agreements on the target scenarios and reference receivers for the Stage 1 investigations were provided in [2]. And it is proposed to provide simulation results to identify target scenarios for requirements definition and confirm reference receiver feasibility. In this contribution, we provide the simulation results based on the agreed simulation assumptions [3] for PDSCH on enhanced CRS-IM. The detailed simulation assumptions are attached in the Annex.
Simulation results
In the way forward [3], the agreed PDSCH test cases are proposed as shown in Table 1. 
Table 1.  PDSCH test cases 
	Test
	TM
	CRS pattern
	Number of UE RX chains
	Number of CRS APs

	
	
	
	
	Serv. cell
	Interf. cell

	Baseline scenarios

	1
	TM4
	Non Colliding
	2
	4
	4

	2
	TM4
	Non Colliding
	4
	2
	2

	3
	TM9
	Non Colliding
	4
	2
	2

	4
	TM4
	Non Colliding
	4
	4
	4

	Additional scenarios for analysis

	5
	TM4
	Colliding
	2
	4
	4

	6
	TM4
	Colliding
	2
	4
	2

	7
	TM4
	Colliding
	2
	2
	4



Rank + MCS: 
	Test cases
	TM4
	TM9

	
	2 CRS APs
	4 CRS APs
	2 CRS APs

	Rank 1 + 16QAM
	R.10-3
	R.14
	R.51-1

	Rank 1 + 64QAM
	R.35
	R.36
	TBS SFs 1-4, 6-9: 18336
TBS SF 0: 14688



In this simulation, the following reference receivers are used for the analysis, the reduced complexity CRS-IM processing receiver may be further evaluated. And because of the marginal gain from the second interference cell cancellation, only 1 cell CRS-IM is evaluated.
· Receiver #1: LMMSE-IRC (baseline)
· Receiver #2: LMMSE-IRC + 1 Cell CRS-IM  (Full complexity two or four ports CRS-IM processing )
Evaluations on Non colliding cases 

Test case1: TM4  4 CRS APs + 2 RX chains
[image: ][image: ]
Figure 1. throughput performance of TM4  4 CRS APs + 2 RX chains scenario

Test case2: TM4  2 CRS APs + 4 RX chains
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Figure 2. throughput performance of TM4  2 CRS APs + 4 RX chains scenario

Test case3: TM9  2 CRS APs + 4 RX chains
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Figure 3. throughput performance of TM9  2 CRS APs + 4 RX chains scenario

Test case4: TM4  4 CRS APs + 4 RX chains
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Figure 4. throughput performance of TM4  4 CRS APs + 4 RX chains scenario

From the above link-level simulation results of the non colliding scenarios, the performance gains of the LMMSE-IRC+CRS-IM receiver vs. the LMMSE-IRC receiver are shown in table 2. 

Table 2. the performance gains of the SNRs to achieve the 70% of the maximum throughput 
	Test Case (non colliding)
	LMMSE-IRC(dB)
	LMMSE-IRC+CRS-IM(dB)
	Gains of CRS-IM(dB)

	PDSCH  Test1-16QAM
	9.77
	7.57
	2.2

	PDSCH  Test1-64QAM
	14.44
	12.66
	1.78

	PDSCH  Test2-16QAM
	9.73
	6.00
	3.73

	PDSCH  Test2-64QAM
	12.73
	9.70
	3.03

	PDSCH  Test3-16QAM
	7.29
	5.32
	1.97

	PDSCH  Test3-64QAM
	10.78
	9.62
	1.16

	PDSCH  Test4-16QAM
	7.48
	4.88
	2.6

	PDSCH  Test4-64QAM
	11.77
	9.69
	2.08



Observation 1: 
CRS-IM processing can achieve testable performance gain (about 2dB) over baseline receiver under various configurations of non colliding scenarios.
· The largest performance gain ( >3dB ) is observed from TM4  with the configuration of 2CRS APs and 4RX antennas
· For the evaluated scenario TM9 Rank 1 + 64QAM case, only about 1dB performance gain is observed from simulation.

Evaluations on Colliding cases 

Test case5: TM4  4 CRS APs + 2 RX chains
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Figure 5. throughput performance of TM4  4 CRS APs + 2 RX chains scenario

Test case6: TM4    4/2 CRS APs + 2 RX chains
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Figure 6. throughput performance of TM4  4/2 CRS APs + 2 RX chains scenario

Test case7: TM4   2/4 CRS APs + 2 RX chains
 --

From the above simulation results of the colliding scenarios, the performance gain of the LMMSE-IRC+CRS-IM receiver to the LMMSE-IRC receiver is shown in table 3. 

Table 3. the performance gain of the SNRs to achieve the 70% of the maximum throughput 
	Test Case (Colliding)
	LMMSE-IRC(dB)
	LMMSE-IRC+CRS-IM(dB)
	Gains of CRS-IM (dB)

	PDSCH  Test5-16QAM
	9.52
	8.16
	1.36

	PDSCH  Test5-64QAM
	14.39
	12.89
	1.5

	PDSCH  Test6-16QAM
	8.67
	6.75
	1.92

	PDSCH  Test6-64QAM
	13.57
	11.41
	2.16

	PDSCH  Test7-16QAM
	--
	-
	-

	PDSCH  Test7-64QAM
	-
	-
	-



Observation 2: 
CRS-IM processing can achieve testable performance gain (about 1.5dB) over baseline receiver of colliding scenarios.

Conclusions
[bookmark: OLE_LINK69][bookmark: OLE_LINK70]In this contribution, we provide our simulation results for PDSCH demodulation on enhanced CRS-IM. And according to the simulation results, the observations are given as below:
Observation 1: 
CRS-IM processing can achieve testable performance gain (about 2dB) over baseline receiver under various configurations of non colliding scenarios.
· The largest performance gain ( >3dB ) is observed from TM4  with the configuration of 2CRS APs and 4RX antennas
· For the evaluated scenario TM9 Rank 1 + 64QAM case, only 1dB performance gain is observed from simulation.

Observation 2: 
CRS-IM processing can achieve testable performance gain (about 1.5dB) over baseline receiver of colliding scenarios.
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Annex - Simulation assumptions
Table 2 includes a list of the test cases to be used for the initial investigations of the CRS-IM enhancements for PDSCH. The PDSCH simulation assumptions are provided in Table 3. 
[bookmark: _Ref463001276]Table 2. Proposed PDSCH test cases 
	Test
	TM
	CRS pattern
	Number of UE RX chains
	Number of CRS APs

	
	
	
	
	Serv. cell
	Interf. cell

	Baseline scenarios

	1
	TM4
	Non Colliding
	2
	4
	4

	2
	TM4
	Non Colliding
	4
	2
	2

	3
	TM9
	Non Colliding
	4
	2
	2

	4
	TM4
	Non Colliding
	4
	4
	4

	Additional scenarios for analysis

	5
	TM4
	Colliding
	2
	4
	4

	6
	TM4
	Colliding
	2
	4
	2

	7
	TM4
	Colliding
	2
	2
	4


[bookmark: _Ref463001264]Table 3. PDSCH simulation assumptions
	Parameter
	Value

	Cell ID pattern
	Non-colliding CRS: 0/1/6
Colliding CRS: 0/6/1

	Interference power profile
	INR1 = 10.45 dB
INR2 = 4.6 dB

	Time offset between cells
	Cell 1: 3 µs
Cell 2: -1 µs

	Frequency offset between cells 
	Cell 1: 300 Hz
Cell 2: -100 Hz

	Channel model
	EVA-5Hz for all links

	Number of control OFDM symbols
	2

	HARQ modelling
	Maximum 4 HARQ transmissions

	Transmission parameters
	PDSCH is scheduled in SFs 0-4, 6-9 (i.e. except 5)
Allocation:
· TM4: 50 PRB resource allocation for all SFs
· TM9: 50 PRB resource allocation for all SFs 1-4,6-9; 41 PRB resource allocation for all SF 0
PMI
· TM4: Reporting mode PUSCH 3-1 
· TM9: Random PMI with 1 PRG / 1 TTI granularity
Rank + MCS: 
	
	TM4
	TM9

	
	2 CRS APs
	4 CRS APs
	2 CRS APs

	Rank 1 + 16QAM
	R.10-3
	R.14
	R.51-1

	Rank 1 + 64QAM
	R.35
	R.36
	TBS SFs 1-4, 6-9: 18336
TBS SF 0: 14688




	Interference signal transmission parameters
	Rel-13 CRS-IM interference model (B.5.4)
Interference loading: 20%
80%/20% rank 1/2 probability

	Receivers
	Baseline: LMMSE-IRC
Enhanced reference receiver structures: LMMSE-IRC + 1 cell CRS-IM
Enhanced reference receiver for 4 CRS APs
· Receiver #1: Full complexity four ports CRS-IM processing 
· Receiver #2: Reduced complexity CRS-IM processing
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