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1 Introduction
In RAN4#99-e, a way forward for CRS interference handling was agreed [1]. Based on the agreed simulation assumptions, we provide simulation results and our views in this contribution. 
2 Discussion
Simulation results based on the agreed assumptions
For the topic of CRS interference handling, RAN4 agreed to evaluate the performance for both scenarios in Figure 1.
1 
2 
	Scenario 1:
Serving and interference cells are both operating in DSS (NR+LTE) mode
	Scenario 2:
Serving cell is operating in NR mode and interference cell is operating in LTE mode
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	Figure 1. Scenarios for CRS interference in overlapping spectrum for LTE and NR



Based on simulation assumptions and cases for evaluation [2], we provide simulation results to compare the performance of different CRS interference handling schemes, including interference cancellation (IC), rate matching (RM) and LLR weighting. It is noted that our results are based on S = 3, L = 11 for all CRS interference handling schemes, which is a more fair comparison for the performance of RM and IC.
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	Figure 2. Simulation results based on the assumptions in [2], but with S = 3, L = 11.



Observation 1: Based on the simulation results with agreed simulation assumptions, the performance of IC outperforms that of RM. 
Simulation results for UE located near cell center and at the sector edge
Except the simulation assumptions adopted in [2], we also provide some possible scenarios for evaluation. Considering UE located near the cell center and at the sector edge, UE will experience high INR and also high SNR. Some simulations results are provided based on Table 1 below.
Table 1. Simulation assumptions for UE located near the cell center and at the sector edge
	Case Number
	Scenario
	MIMO
	MCS index
	CBW/ SCS
	Duplex Mode
	Interference Cell Number and Interference Power
	PDSCH loading level
	PDSCH Start Symbol and Symbol Length

	A
	NR+LTE
	4x4 Low
	16QAM MCS13
(1 layer)
	10MHz/15kHz
	FDD synchronized network
	1 interference cell with INR = 20 dB  
	20%
	S = 3, L = 11

	B
	
	
	256QAM MCS21
(1 layer)
	
	
	
	
	

	C
	
	
	256QAM MCS23
(2 layer)
	
	
	1 interference cells with INR = 25 dB
	
	

	D
	
	
	256QAM MCS25
(4 layer)
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	Figure 2. Simulation results based on the assumptions in Table 1.



For these four cases in Table 1, it can be shown that the throughput of R16-RM is higher than that of IC. Hence, we think RAN4 should consider more scenarios for the performance evaluation of different CRS interference handling schemes.
Observation 2: Considering the scenario of UE located near the cell center and at the sector edge, the performance of RM is better than that of IC.
Observation 3: From the results of Figure 1 and Figure 2, the performance of IC is not always outperform RM. 
Proposal 1: RAN4 needs to consider more scenarios for the performance evaluation of different CRS interference handling schemes.
Also, we would like to mention that CRS-IC receiver is a successive processing of detection, decoding, re-encoding and cancellation. It reconstructs CRS interference signal and further cancels the interference from the received signal, followed by the demodulation and decoding of the desired data. Compared with CRS rate matching, it will increase the receiver complexity with the interference detection, interference estimation and interference cancellation. This may increase the UE processing time and may make it difficult to fulfill the requirement for response timing between DL data and DL HARQ. However, for RM schemes, there is no any further increase for the complexity of UE, where UE just needs to know the rate matching pattern for reception.
Observation 4: The receiver complexity of CRS-IC receiver is much higher than that of RM.
Proposal 2: Send LS to request RAN1 for evaluating the UE processing timeline due to CRS-IC.
3 Conclusion
The observations and proposals are summarized as below:
Observation 1: Based on the previous agreed assumptions, the performance of IC outperforms that of RM. 
Observation 2: Considering the scenario of UE located near the cell center and at the sector edge, the performance of RM is better than that of IC.
Observation 3: From the results of Figure 1 and Figure 2, the performance of IC is not always outperform RM. 
Proposal 1: RAN4 needs to consider more scenarios for the performance evaluation of different CRS interference handling schemes.
Observation 4: The receiver complexity of CRS-IC receiver is much higher than that of RM.
[bookmark: _GoBack]Proposal 2: Send LS to request RAN1 for evaluating the UE processing timeline due to CRS-IC.
4 Reference
[1] R4-2108662, “WF on CRS interference handling in scenarios with overlapping spectrum for LTE and NR”, China Telecom
[2] R4-2108663, “Template for simulation result collection for CRS interference handling”, China Telecom








image4.png
Tput (Mbps)

15

10

=<€r=R15 CRS-RM
LLR weighting WITHOUT NW assist
o R16 CRS-RM

—&— CRS-IC WITH NW assist

—~~No interference cell

10

15 20 25 30
RSRE SNR (dB)




image5.png
Case?

Tput (Mbps)

AABAB BB BB

P o

I's

=-<€r-R15 CRS-RM

== LLR weighting WITHOUT NW assist
€3 R16 CRS-RM

—&r— CRS-IC WITH NW assist

—~“~No interference cell

2 4 6 8 10 12 14 16
RSRE SNR (dB)




image6.png
Tput (Mbps)

18

16

14

12

10

=<€r=R15 CRS-RM
== LLR weighting WITHOUT NW assist
€3 R16 CRS-RM

—&— CRS-IC WITH NW assist

—~~No interference cell

10 15 20 25
RSRE SNR (dB)

30




image7.png
Tput (Mbps)

CaseA

-R15 CRS-RM

R16 CRS-RM

= LLR weighting WITHOUT NV assist

—&— CRS-IC WITH NW assist

~—~ No interference cell

15
RSRE SNR (dB)

Eil E3




image8.png
Tput (Mbps)

©-R15 CRS-RM

© R16 CRS-RM

—&— CRS-IC WITH NW assist

-4~ LLR weighting WITHOUT NW assist

—~ No interference cell

16 18 20 2 24
RSRE SNR (dB)

E3

0




image9.png
Tput (Mbps)

50

45

0

E3

CaseC

-©R15 CRS-RM
4= LLR weighting WITHOUT NV assist
=+ R16 CRS-RM

—A— CRS-IC WITH NW assist

— No interference cell

2 24
RSRE SNR (dB)





image10.png
Tput (Mbps)

CaseD
60

-©R15 CRS-RM
-+#-- LLR weighting WITHOUT NW assist
£ol| O~ R18 CRSRM

—A— CRS-IC WITH NW assist

— No interference cell

0

0

Eil

10





image1.png
Serving cell Interference cell
(LTE+NR) (LTE+NR)

O NR data B LIE CRS
O LTE data X Interference from CRS




image2.png
Serving cell Interference cell

(NR) (LTE)

O NRdata B LIE CRS
O LTE data X Interference from CRS




image3.png
Tput (Mbps)

Case3

--<€r=R15 CRS-RM

€3 R16 CRS-RM

LLR weighting WITHOUT NW assist

—&—CRS-IC WITH NW assist
—~~No interference cell

4 6 8
RSRE SNR (dB)

10

12 14 16




