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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#82 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 of non colliding cases
In the way forward [3], the agreed PDSCH non colliding test cases are proposed as shown in Table 1. 
Table 1.  PDSCH test cases of non colliding cases
	Test
	TM
	CRS pattern
	Number of UE RX chains
	Number of CRS APs

	
	
	
	
	Serv. cell
	Interf. cell

	Scenarios for performance requirements definition

	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



Rank + FRC: 
	Test cases
	TM4
	TM9

	
	2 CRS APs
	4 CRS APs
	2 CRS APs

	Rank 1 + 64QAM
	R.35
	R.36
	R.X
	R.Y


Additional MCS evaluation on Test Case 4
 
Interference signal transmission parameters:
80%/20% rank 1/2 probability
Option 1: Interference loading = 20%, INR1 = 10.45 dB, INR2 = 4.6 dB
Reference receivers are used for the evaluation:
· Receiver #1: LMMSE-IRC (baseline)
· Receiver #2: LMMSE-IRC + 1 Cell CRS-IM  (Full complexity two or four ports CRS-IM processing)

Test Case1: TM4  4 CRS APs + 2 RX chains
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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
FRC R.36 & FRC R.X:
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Normalized throughput of different MCS for TC#4:
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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 gain of the SNRs  @ 70%  of  the maximum throughput 
	Test Case (non colliding)
	LMMSE-IRC(dB)
	LMMSE-IRC+CRS-IM(dB)
	Gains of CRS-IM(dB)

	PDSCH  Test1
	13.6
	11.9
	1.7

	PDSCH  Test2
	10.41
	8.85
	1.56

	PDSCH  Test3
	10.78
	9.62
	1.16

	PDSCH  Test4-1
	9.2
	6.0（SNR）  or   -4.825（SINR）
	3.2

	PDSCH  Test4-2
	10.4
	7.9（SNR）or  -2.925（SINR）
	2.5



Observation 1: 
CRS-IM processing can achieve testable performance gain (about 1.5-3dB) over baseline receiver under various configurations of non colliding scenarios.
· Larger performance gain can be achieved from 4 CRS APs rather than 2CRS APs, which shows the necessity of using CRS-IM functionality in the 4CRS APs scenarios.
· For the evaluated scenario TM9 Rank 1 + 64QAM case, only about 1dB performance gain is observed from simulation, not feasible for a test purpose.
· For 4 CRS APs with 4Rx chains scenario, MCS21 can get a more practical SINR working point than MCS19.

Simulation results of colliding cases
In the way forward [3], the agreed PDSCH test cases are proposed as shown in Table 3 
Table 3  PDSCH test cases 
	Test
	TM
	CRS pattern
	Number of UE RX chains
	Number of CRS APs

	
	
	
	
	Serv. cell
	Interf. cell

	Scenarios for feasibility analysis

	5
	TM4
	Colliding
	2
	4
	4

	6
	TM4
	Colliding
	2
	4
	2



Rank + FRC: 
Rank 1 + 64QAM,  R.36

Interference signal transmission parameters:
80%/20% rank 1/2 probability
Option 1: Interference loading = 20%, INR1 = 10.45 dB, INR2 = 4.6 dB
Option 2: Interference loading = 0%, INR1 = 15.8 dB, INR2 = 10.5 dB
Option 3: Low INR values for robustness verification (INR1 = [4.7]dB, INR2=[1.4]dB, loading 20%)

The following reference receivers are used for test case#5:
· Receiver #1: LMMSE-IRC with 1 Cell CRS-IM to improve channel estimation
· Receiver #2: LMMSE-IRC with 1 Cell CRS-IM to improve channel and interference estimation
· Receiver #3: LMMSE-IRC (baseline)

The following reference receivers are used for test case#6:
· Receiver #1: LMMSE-IRC with covariance matrix estimation on serving cell APs 0-3 + 1 Cell CRS-IM
· Receiver #2: LMMSE-IRC with covariance matrix estimation on serving cell APs 2-3+ 1 Cell CRS-IM
· Receiver #3: LMMSE-IRC (baseline)

[bookmark: _GoBack]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

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 4 the performance gain of the SNRs @70% of the maximum throughput 
	Test Case (Colliding)
	LMMSE-IRC(dB)
	LMMSE-IRC+CRS-IM Receiver#1(dB)
	LMMSE-IRC+CRS-IM Receiver#2(dB)
	Gains of CRS-IM  of Receiver#1(dB)
	Gains of CRS-IM of Receiver#2(dB)

	PDSCH  Test5-1
	13.4
	12.5
	11.9
	0.9
	1.5

	PDSCH  Test5-2
	15.3
	13.8
	12.6
	1.5
	2.7

	PDSCH  Test5-3
	10.7
	10.3
	10
	0.4
	0.7

	PDSCH  Test6-1
	12.35
	10.61
	10.7
	1.74
	1.65

	PDSCH  Test6-2
	14.1
	10.24
	10.41
	3.86
	3.69

	PDSCH  Test6-3
	10.11
	9.44
	9.55
	0.67
	0.56



Observation 2: 
CRS-IM processing can achieve certain performance gain over baseline receiver of colliding scenarios.
· For Test Case 5, Receiver#2 can achieve a noticeable better performance than Receiver#1.
· For Test Case 6, Receiver#2 can provide almost no performance gain in all interference configurations which need further look into.

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 1.5-5dB) over baseline receiver under various configurations of non colliding scenarios.
· Larger performance gain can be achieved from 4 CRS APs rather than 2CRS APs, which shows the necessity of using the CRS-IM functionality in the 4CRS APs scenarios.
· For the evaluated scenario TM9 Rank 1 + 64QAM case, only about 1dB performance gain is observed from simulation, not feasible for a testable gain achievement.
· For 4 CRS APs with 4Rx chains scenario, MCS21 can get a more practical SINR working point than MCS19.

Observation 2: 
CRS-IM processing can achieve certain performance gain over baseline receiver of colliding scenarios.
· For Test Case 5, Receiver#2 can achieve a better performance (>0.5dB) than Receiver#1.
· For Test Case 6, Receiver#2 can provide almost no performance gain in all interference configurations, further evaluation is needed.
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Annex-simulation assumptions

 Table 5 is the 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 5. 
Table 5. Proposed PDSCH test cases 
	Test
	TM
	CRS pattern
	Number of UE RX chains
	Number of CRS APs

	
	
	
	
	Serv. cell
	Interf. cell

	Scenarios for performance requirements definition

	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

	Scenarios for feasibility analysis

	5
	TM4
	Colliding
	2
	4
	4

	6
	TM4
	Colliding
	2
	4
	2


Table 6. PDSCH simulation assumptions
	Parameter
	Value

	Number of explicitly modelled interference cells
	Test 1,2,3,5,6: 2
Test 4: 1

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

	Interference signal transmission parameters
	Rel-13 CRS-IM interference model (B.5.4)
80%/20% rank 1/2 probability
Test 1,2,3,4:
Option 1: Interference loading = 20%, INR1 = 10.45 dB, INR2 = 4.6 dB
Test 5,6:
Option 1: Interference loading = 20%, INR1 = 10.45 dB, INR2 = 4.6 dB
Option 2: Interference loading = 0%, INR1 = 15.8 dB, INR2 = 10.5 dB
Option 3: Low INR values for robustness verification (INR1 = [4.7]dB, INR2=[1.4]dB, loading 20%)

	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 retransmissions

	CSI-RS configuration for serving cell in TM9 test
	Number of CSI-RS ports : 2
CSI-RS periodicity and subframe offset : 5/2
CSI reference signal configuration : 0
Zero-power CSI-RS configuration : 3 /0001000000000000

	Transmission parameters
	PDSCH is scheduled in SFs 0-4, 6-9
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: Rank 1 + 64QAM

	Receivers
	Baseline: LMMSE-IRC
Enhanced reference receiver structures: LMMSE-IRC + 1 cell CRS-IM
Enhanced reference receivers for Test #5
· CRS-IM Receiver #1: LMMSE-IRC with 1 Cell CRS-IM to improve channel estimation
· CRS-IM Receiver #2: LMMSE-IRC with 1 Cell CRS-IM to improve channel and interference estimation
Enhanced reference receivers for Test #6
· CRS-IM Receiver #1: LMMSE-IRC with covariance matrix estimation on serving cell APs 0-3 + 1 Cell CRS-IM
· CRS-IM Receiver #2: LMMSE-IRC with covariance matrix estimation on serving cell APs 2-3+ 1 Cell CRS-IM



Table 7. FRC for TM4 PDSCH test
	TM4
	
	
	
	

	Parameter
	Unit
	Value

	
	
	2 CRS APs
	4 CRS APs

	Reference channel
	　
	R.35
	R.36
	R.X

	Channel bandwidth
	MHz
	10
	10
	10

	Allocated resource blocks
	　
	50
	50
	50

	Allocated number of PDCCH symbols
	　
	2
	2
	2

	Allocated subframes per Radio Frame
	　
	9
	9
	9

	Modulation
	　
	64QAM
	64QAM
	64QAM

	Target Coding Rate
	　
	0.5
	0.5
	0.55

	Information Bit Payload
	　
	　
	　
	　

	For Sub-Frames 1,2,3,4,6,7,8,9
	 Bits 
	19848
	18336
	21384

	For Sub-Frame 5
	 Bits 
	n/a
	n/a
	n/a

	For Sub-Frame 0
	 Bits 
	18336
	18336
	19848

	Number of Code Blocks
	　
	　
	　
	　

	For Sub-Frames 1,2,3,4,6,7,8,9
	 Bits 
	4
	3
	4

	For Sub-Frame 5
	 Bits 
	n/a
	n/a
	n/a

	For Sub-Frame 0
	 Bits 
	3
	3
	4

	Binary Channel Bits
	　
	　
	　
	　

	For Sub-Frames 1,2,3,4,6,7,8,9
	 Bits 
	39600
	38400
	38400

	For Sub-Frame 5
	 Bits 
	n/a
	n/a
	n/a

	For Sub-Frame 0
	 Bits 
	37152
	36096
	36096

	Max. Throughput averaged over 1
frame
	Mbps
	17.712
	16.502
	19.092

	UE Category
	　
	≥ 2
	≥ 2
	≥ 2

	UE DL Category 
	　
	　
	　
	　

	
	
	
	
	


Table 8. FRC for TM9 PDSCH test
	TM9
	
	

	Parameter
	Unit
	Value
	
	

	Reference channel
	　
	R.Y
	
	

	Channel bandwidth
	MHz
	10
	
	

	Allocated resource blocks
	　
	50 (Note 3)
	
	

	Allocated subframes per Radio Frame
	　
	9
	
	

	Modulation
	　
	64QAM
	
	

	Target Coding Rate
	　
	0.51
	
	

	Information Bit Payload
	　
	　
	
	

	For Sub-Frames 1,2,3,4
	 Bits 
	18336
	
	

	For Sub-Frames 6,7,8,9
	 Bits 
	18336
	
	

	For Sub-Frame 5
	 Bits 
	n/a
	
	

	For Sub-Frame 0
	 Bits 
	14688
	
	

	Number of Code Blocks
	　
	　
	
	

	For Sub-Frames 1,2,3,4
	 Bits 
	3
	
	

	For Sub-Frames 6,7,8,9
	 Bits 
	3
	
	

	For Sub-Frame 5
	 Bits 
	n/a
	
	

	For Sub-Frame 0
	 Bits 
	3
	
	

	Binary Channel Bits
	　
	　
	
	

	For Sub-Frames 1,4,6,9
	 Bits 
	36000
	
	

	For Sub-Frames 2,7
	 Bits 
	35400
	
	

	For Sub-Frames 3,8
	 Bits 
	34800
	
	

	For Sub-Frame 5
	 Bits 
	n/a
	
	

	For Sub-Frame 0
	 Bits 
	29520
	
	

	Max. Throughput averaged over 1
frame
	Mbps
	16.138
	
	

	UE Category
	　
	≥ 2
	
	

	UE DL Category 
	　
	　
	
	

	Note 1: 2 symbols allocated to PDCCH.
	
	
	
	

	Note 2: Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].
	

	Note 3: 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9 and 41 resource blocks

	(RB0–RB20 and RB30–RB49) are allocated in sub-frame 0.
	
	
	

	
	
	
	
	

	
	
	
	
	





image1.emf
6 8 10 12 14 16 18 20 22

4

6

8

10

12

14

16

18

SNR(dB)

throughput(Mbps)

PDSCH Test1 2RX 64QAM

 

 

CRS-IM

LMMSE-IRC


image2.emf
2 4 6 8 10 12 14 16 18

2

4

6

8

10

12

14

16

18

SNR(dB)

throughput(Mbps)

PDSCH Test2 4RX 64QAM

 

 

CRS-IM

LMMSE-IRC


image3.emf
-4 -2 0 2 4 6 8 10 12 14 16

0

2

4

6

8

10

12

14

16

18

SNR(dB)

throughput(Mbps)

PDSCH Test3 4RX 64QAM

 

 

CRS-IM

LMMSE-IRC


image4.emf
2 4 6 8 10 12 14 16 18

4

6

8

10

12

14

16

18

SNR(dB)

throughput(Mbps)

PDSCH Test4-1 4RX 64QAM

 

 

CRS-IM

LMMSE-IRC


image5.emf
2 4 6 8 10 12 14 16 18

4

6

8

10

12

14

16

18

20

SNR(dB)

throughput(Mbps)

PDSCH Test4-2 4RX 64QAM

 

 

CRS-IM

LMMSE-IRC


image6.emf
2 4 6 8 10 12 14 16 18

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

SNR(dB)

throughput(Mbps)

PDSCH TEST CASE4-1&4-2 4RX 64QAM

 

 

MCS19-CRS-IM

MCS19-LMMSE-IRC

MCS21-CRS-IM

MCS21-LMMSE-IRC


image7.emf
2 4 6 8 10 12 14 16 18

0

2

4

6

8

10

12

14

16

SNR(dB)

throughput(Mbps)

PDSCH Test 5-1 64QAM INR1=10.45dB,INR2=4.6dB

 

 

CRS-IM Receiver#1

CRS-IM Receiver#2

LMMSE-IRC


image8.emf
2 4 6 8 10 12 14 16 18

0

2

4

6

8

10

12

14

16

18

SNR(dB)

throughput(Mbps)

PDSCH Test 5-2 64QAM INR1=15.8dB,INR2=10.5dB

 

 

CRS-IM Receiver#1

CRS-IM Receiver#2

LMMSE-IRC


image9.emf
2 4 6 8 10 12 14 16 18

2

4

6

8

10

12

14

16

18

SNR(dB)

throughput(Mbps)

PDSCH Test 5-3 64QAM INR1=4.7dB,INR2=1.4dB

 

 

CRS-IM Receiver#1

CRS-IM Receiver#2

LMMSE-IRC


image10.emf
2 4 6 8 10 12 14 16 18

0

2

4

6

8

10

12

14

16

18

SNR(dB)

throughput(Mbps)

PDSCH Test 6-1 64QAM INR1=10.45dB,INR2=4.6dB

 

 

CRS-IM Receiver#1

CRS-IM Receiver#2

LMMSE-IRC


image11.emf
2 4 6 8 10 12 14 16 18

0

2

4

6

8

10

12

14

16

18

SNR(dB)

throughput(Mbps)

PDSCH Test 6-2 64QAM INR1=15.8dB,INR2=10.5dB

 

 

CRS-IM Receiver#1

CRS-IM Receiver#2

LMMSE-IRC


image12.emf
2 4 6 8 10 12 14 16 18

2

4

6

8

10

12

14

16

18

SNR(dB)

throughput(Mbps)

PDSCH Test 6-3 64QAM INR1=4.7dB,INR2=1.4dB

 

 

CRS-IM Receiver#1

CRS-IM Receiver#2

LMMSE-IRC


