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1 Introduction

Last RAN4 meeting, WF [1] on CRS-IM PDSCH demodulation was agreed, and some following issues were discussed;

· CRS-Assisted information

· UE capability under carrier aggregation

· Gain and robustness test for non-TM10 demodulation requirements
· Test setup for TM10 demodulation requirements 

In this contribution, we provide our view on UE capability, test parameters for non-TM10 demodulation requirements with simulation results based on agreed assumption.
2 Discussion
2.1 UE capability
RAN4 discussed UE capability for Rel-13 CRS-IM, and there were three options;

· Option 1: Not define new UE capability signaling and reuse the R.11 crs-InterfHandle signaling to imply the R.13 CRS-IM capability
· Option 2: Define new UE capability signaling including information on the number of supported CCs for R.13 CRS-IM UE.
· Option 3: Define new UE capability signaling indicating CRS-IM support on at least one serving cell
For option 2, it is similar approach to Rel-12 NAICS UE capability signaling which is combination of the number of supported CC and bandwidth. However still, NAICS UE capability signaling is complicated and ambiguous among companies. For simple approach, UE just indicates whether CRS-IM is supported or not like option 3, and cancellation of interference CRS for SCell can be done by UE implementation based on network information. 
· Proposal 1: Prefer Option 3 for UE capability for CRS-IM 
2.2 Performance for non-TM10 with non-colliding CRS
For gain test cases with non-TM10, following test cases were considered, 
· CRS-based transmission scheme (TM2 and/or TM4)
· TM9
Figure 2‑2~Figure 2‑4 show PDSCH performance for TM2, TM4, and TM9 with variable MCS level according to the number of CRS-IC based on Table 1. SNR gain at 70%-tile throughput based on MMCS-IRC and SNR point at 70%-tile throughput according to one and two cell CRS-IC are summarized in Table 2 and Table 3.
For the number of cell of CRS-IC, the performance difference between one and two cell CRS-IC is 0.3~0.7dB depending on MCS level and transmission mode. The performance gap of most cases is small, but some cases such as TM9 with MCS9 and TM4 with MCS14 are observed over 0.5dB. 
· Proposal 2: In general, one and two cell CRS-IC performance is similar, but the number of cell of CRS-IC needs to be considered by MCS level.

For MCS level, operating SNR point at INR=[10.45 4.6]dB is 8.92dB. Based on SNR at 70%-tile throughput in Table 3, MCS 16 and 18 for TM2, MCS 18 for TM4, and MCS 14, 16, and 18 for TM9 cannot be used for performance requirement since target SNR at 70%-tile is higher than operating SNR point. Therefore, considering operating SNR point, MCS14 for TM2 and TM4, and MCS 9 for TM9 are suitable.
· Proposal 3: Considering operating SNR point based on INR level, MCS level for each TM should be considered by, 
· TM2 and TM4: MCS 14

· TM9 : MCS 9
Table 1 Simulation assumption for gain test
	Test
	RU
	INR
	MCS
	TM
	CRS config
	Ant. Config.

	Gain
	20%
	[10.45 4.6]
	9/14/18
	2//4/9
	non-colliding
	2X2


Table 2 SNR gain ([dB]) at 70%-tile throughput of CRS-IM based on MMSE-IRC
	RU
	Serving TM
	Serving cell MCS

	
	
	9
	14
	16
	18

	
	
	1-cell 
	2-cell 
	1-cell 
	2-cell 
	1-cell 
	2-cell 
	1-cell 
	2-cell 

	20%
	2
	2.17
	2.51
	2.05
	2.34
	1.99
	2.49
	1.63
	2.04

	
	4
	2.61
	3.28
	2.35
	3.06
	2.50
	3.17
	2.16
	2.49

	
	9
	2.73
	3.51
	2.53
	3.17
	2.73
	3.35
	2.03
	2.55


Table 3 SNR ([dB]) at 70%-tile throughput for CRS-IM
	RU
	Serving TM
	Serving cell MCS

	
	
	9
	14
	16
	18

	
	
	1-cell 
	2-cell 
	1-cell 
	2-cell 
	1-cell 
	2-cell 
	1-cell 
	2-cell 

	20%
	2
	4.52
	4.19
	8.05
	7.76
	9.56
	9.06
	11.50
	11.09

	
	4
	3.53
	2.85
	7.11
	6.40
	8.53
	7.86
	10.06
	9.73

	
	9
	6.65
	5.87
	10.15
	9.51
	11.88
	11.26
	13.42
	12.90
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Figure 2‑1 Throughput performance for serving cell TM2
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Figure 2‑2 Throughput performance for serving cell TM4
[image: image9.emf]-5 0 5 10 15 20

0

1

2

3

4

5

6

7

8

SNR

Tput

TM9 MCS9

 

 

2cell CRS-IC

1cell CRS-IC

IRC

 [image: image10.emf]-5 0 5 10 15 20

0

2

4

6

8

10

12

SNR

Tput

TM9 MCS14

 

 

2cell CRS-IC

1cell CRS-IC

IRC


[image: image11.emf]-5 0 5 10 15 20

0

2

4

6

8

10

12

14

SNR

Tput

TM9 MCS16

 

 

2cell CRS-IC

1cell CRS-IC

IRC

 [image: image12.emf]-5 0 5 10 15 20

0

2

4

6

8

10

12

14

SNR

Tput

TM9 MCS18

 

 

2cell CRS-IC

1cell CRS-IC

IRC


Figure 2‑3 Throughput performance for serving cell TM9
2.3 Performance for non-TM10 with colliding CRS

From agreed WF [2] for colliding CRS case, Figure 2‑4 and Figure 2‑5 show throughput performance for TM4 and TM9 with colliding CRS. General simulation parameters are the same as non-colliding CRS scenario, and first interference cell is changed by colliding CRS. The receiver is also the same CRS-IM receiver as non-colliding CRS scenario. In our simulation results, the performance improvement for 2-cell CRS-IC is very limited about under 0.5dB in comparison to baseline IRC receiver.
· Observation 1: There is about 0.5dB performance gain using 2-cell CRS-IC in colliding CRS case in comparison to baseline IRC receiver under TM9 case. 
· Observation 2: For TM4, 1.1dB performance improvement is provided by 2-cell CRS-IC. 
From the observation, we propose

· Proposal 4: do not introduce demodulation performance requirement for colliding CRS case
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Figure 2‑4 Throughput performance for TM4 with MCS 14 under colliding CRS
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Figure 2‑5 Throughput performance for TM9 with MCS 14 under colliding CRS
3 Conclusion 
In this contribution, we provide our views on UE capability, we prefer
· Proposal 1: Prefer Option 3 for UE capability for CRS-IM

Based on simulation results for CRS-IM PDSCH demodulation performance, we propose 
· Proposal 2: In general, one and two cell CRS-IC performance is similar, but the number of cell of CRS-IC needs to be considered by MCS level.

· Proposal 3: Considering operating SNR point based on INR level, MCS level for each TM should be considered by, 

· TM2 and TM4: MCS 14

· TM9 : MCS 9
For colliding CRS case, we observe

· Observation 1: There is about 0.5dB performance gain using 2-cell CRS-IC in colliding CRS case in comparison to baseline IRC receiver under TM9 case. 
· Observation 2: For TM4, 1.1dB performance improvement is provided by 2-cell CRS-IC. 
Based on the observation, we propose

· Proposal 4: do not introduce demodulation performance requirement for colliding CRS case
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