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[bookmark: _Ref298777854]Introduction
In RAN4#74 meeting, the group agreed one WF on how to move forward for the test cases and side condition setup for CRS-IM (non-TM10) [1]. In this paper, we provide link level simulation results for different combination of interference, modulation, and neighbor cell load and transmission mode. Based on the link level simulation results, some proposals are provided for the test cases and their corresponding side conditions. 
Link level simulation assumption
According to the agreements in [1], we have the following agreements:
· Reusing the FeICIC interference modelling parameters regarding number of interference cells, time offset and frequency offset. 
· Non-colliding CRS shall be included in the tests setup
· For modulation, the following options can be considered: 
· Around MCS#5
· Around MCS#14
· Around MCS#20
· For resource utilization, the following options can be considered:
· Option 1: 10%
· Option 2: 20%
· Option 3: 30%
· Option 4: 50%
· The interference set
· Option 1: the 1st set (corresponding to 5%-tile)
· Option 2: The 10th set (corresponding to 50%-tile)
· Option 3: The 16th set (corresponding to 80%-tile)
· Evaluate tests for following transmission mode
· TM2, TM3, TM4, TM9
For resource utilization, in order to reduce the simulation efforts, only 10% and 30% are selected to investigate. For the interference set, the interference level for RU=30% is selected and applied for all other resource utilization for simplification. According to the interference modelling agreed in 36.863, as shown in Table 1, the interference level for different option is given in Table 2. 
In summary, in Table 3, the key parameters are given according to the above agreements. The parameters with varied value are summarized in Table 4. In the next sections, simulation results are shown for selected cases. 
[bookmark: _Ref416605351]Table 1: Average of the evaluation results on 5%-tile Geometry when RU=30% (a.k.a. Table 6.3.2-4 of 36.863)
	Set
	
	
	

	1
	1.340471
	-0.73621
	3.066401

	2
	3.922121
	0.993835
	4.484912

	3
	5.187652
	1.922775
	5.238305

	4
	6.05476
	2.421963
	5.779836

	5
	6.898605
	3.003966
	6.321041

	6
	7.553384
	3.273023
	6.799797

	7
	8.160243
	2.876637
	7.058987

	8
	8.630169
	3.315201
	7.446207

	9
	9.124317
	3.271485
	7.711411

	10
	9.693093
	3.685917
	8.182885

	11
	10.19666
	3.780769
	8.552738

	12
	10.78737
	5.862466
	9.369883

	13
	11.30776
	5.396398
	9.583789

	14
	11.96284
	6.454303
	10.30369

	15
	12.76359
	7.823391
	11.21865

	16
	13.99194
	9.088526
	12.36336

	17
	15.3589
	10.74759
	13.76737

	18
	17.44036
	13.573
	16.01893

	19
	21.18595
	19.28102
	20.15115

	20
	29.049
	27.70898
	28.10518



[bookmark: _Ref416605807]Table 2: The interference levels for different interference set
	Interference options
	INR1 and INR2 value for each option

	Option 1: the 1st set (corresponding to 5%-tile)
	[INR1, INR2]= [1.34,-0.73] dB

	Option 2: The 10th set (corresponding to 50%-tile)
	[INR1, INR2]= [9.7,3.7] dB

	Option 3: The 16th set (corresponding to 80%-tile)
	[INR1, INR2]= [14,9.1] dB




[bookmark: _Ref416607581]Table 3: Key parameters for the link level simulation
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Duplex mode
	FDD

	Transmission mode in interfering cells
	Use TM3

	MIMO configuration
	2x2, low correlation

	Channel model and Doppler frequency for target and interfering cells
	EVA5

	
	Use different channel seed for between cells

	Number of explicitly modeled interfering cells
	2 interfering cells

	Signal level for serving cell CRS (Es/Noc)
	[0:2:20]

	Signal level for interfering cells CRS (interference over Noc)
	1st interfering cell
	2nd interfering cell

	
	INR1
	INR2

	Other cells interference
	AWGN with 1 Noc level

	Network synchronization in time
	All cells are synchronous

	
	Time-delay wrt. serving cell

	
	1st interfering cell
	2nd interfering cell

	
	[3 us]
	[-1 us]

	Network synchronization in frequency
	Frequency shift wrt. serving cell

	
	1st interfering cell
	2nd interfering cell

	
	300 Hz
	-100 Hz

	CRS configuration
	2 CRS ports per cell with planning, non-colliding CRS between explicitly modelled serving and the first two interfering cells

	Downlink power allocation (cf. Chapter 8 of TS36.101)
	A
	-3 dB in all modeled cells

	
	B
	-3 dB in all modeled cells (PB=1)

	
	
	0 dB in all modeled cells

	HARQ
	8 HARQ processes and max 4 transmissions

	Feedback mode
	None

	Channel and interference estimation at UE
	Practical and realizable channel and interference covariance estimates with no a-priori knowledge of the channel state information

	Time/frequency tracking at the UE
	Practical algorithms should be used

	Physical channels transmitted in serving cell
	PSS/SSS/PBCH

	PCFICH
	CFI = 2 in all cells

	PCFICH/PDCCH detection
	Not considered

	Physical channels transmitted in interfering cells
	PDCCH
PDSCH
PSS/SSS/PBCH

	Desired PDSCH parameterization
	Resource allocation
	50 PRB

	
	Modulation
	Defined in 

	
	Code rate
	

	
	Channel coding, rate matching
	As specified in TS36.212

	
	CRC
	

	Interfering PDSCH parameterization
	Resource allocation
	Random full band (50PRB) on/off model, proportional to the average resource utilization in the interfering cells

	
	Rank
	Randomly changing rank per allocated subband from subframe to subframe: 80% rank-1, 20% rank-2

	
	PMI
	TM3: N/A

	
	Modulation
	Randomly modulated 16QAM symbols over allocated interfering resources

	
	Code rate
	-

	
	Channel coding, rate matching
	-

	
	CRC
	

	Non-full buffer interference
	Model
	Interfering PDSCH transmissions in interfering cells are randomly & independently active over the full band with an activity in time domain equal on average to the targeted resource utilization

	Tx EVM
	6% in both alignment and impairment simulations

	Noc at antenna port
	[-98 dBm]

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum

	Simulation output
	PDSCH throughput vs. serving cell Es/Noc

	UE receiver
	Detector
	MMSE-IRC with CRS based interference covariance estimation as defined in TR36.829

	
	CRS-IM
	Without CRS-IM

	
	
	With CRS-IM for the 1st and 2nd strongest interfering cells



[bookmark: _Ref416607636]Table 4: Varied parameters for the link level simulation
	Parameters
	Varied value for each parameters

	MCS
	MCS=5(QPSK), or MCS=14(16QAM) or MCS=64QAM

	Neighbour cell load
	10% or 30%

	Interference level
	Set 1: [INR1, INR2]= [1.34,-0.73] dB
Set 2: [INR1, INR2]= [9.7,3.7] dB
Set 3: [INR1, INR2]= [14,9.1] dB

	Transmission mode
	TM2, or TM3 or TM4 (rank-1) or TM9




Link level simulation results
Lower load vs higher load
In Figure 1 and Figure 2, link level results are given for different interference load with the same condition for other parameters. In this simulation, TM2, 64QAM and interference set 3 are used. When neighbour cell load is 10% percent, the gain is about 5.4 dB.  While when the load is 30% percent, the gain is about 1.74 dB.  With the load increase, the gain is shrunk. Similar observations have been observed for other transmission mode and modulation.   
[image: ]
[bookmark: _Ref416617621]Figure 1: Link level results for TM2+64QAM+10%load+Interference set 3
[image: ]
[bookmark: _Ref416617629]Figure 2: Link level results for TM2+64QAM+30%load+Interference set 3
Observation 1:  The neighbour cell load has significant impact on the CRS-IC gain.  
As agreed in [1], we have at least two purposes to define the CRS-IM test:
· Purpose 1: To achieve MMSE-IRC+CRS-IC gain with low partial load under homogeneous scenarios.
· Purpose 2: When the interference condition is not favorable for CRS-IC, there is no performance loss compared with MMSE-IRC when CRS assistance information is provided.

Based on observation 1, to serve the purpose 1, low neighbour cell load is preferable. Hence, 
Proposal 1: In the test cases which are designed to achieve MMSE-IRC+CRS-IC gain with low partial load under homogeneous scenarios, 10% load is used.  
Lower MCS vs higher MCS
In Figure 3, Figure 4 and Figure 5, link level results are given for different MCS with the same condition for other parameters. In the simulation, TM2, 10% load and interference set 2 are used. When the MCS=20, the gain with CRS-IM is about 3.06 dB; When the MCS=14, the gain with CRS-IM is about 2.61 dB; When MCS=5, the gain with CRS-IM is about 2.35 dB.  With the decrease of the MCS, the gain is slightly decreased, but the gain is not so sensitive to the MCS. To have more coverage test, we can select 16QAM or 64QAM for different test cases. 
Proposal 2: MCS=14 or MCS=20 can be selected for different test cases to increase the coverage. 
[image: ]
[bookmark: _Ref416620052]Figure 3: Link level results for TM2+64QAM+10%load+Interference set 2
[image: ]
[bookmark: _Ref416620059]Figure 4: Link level results for TM2+16QAM+10%load+Interference set 2
[image: ]
[bookmark: _Ref416620062]Figure 5: Link level results for TM2+QPSK+10%load+Interference set 2
Lower interference vs higher interference
In Figure 6, Figure 7 and Figure 8, link level results are given for different interference set with the same condition for other parameters. In the simulation, TM2, 10% load and 16QAM are used. When interference set 1 is used, the gain with CRS-IM is about 0.69 dB; when interference set 2 is used, the gain is about 2.61 dB; when interference set 3 is used, and the gain is about 5.14 dB. To serve the first purpose, interference set 3 is preferable. Moreover, when interference 3 is used, the second interference level is about 9 dB, it is strong enough. With this setup, two-cell CRS cancelation can be forced to be implemented. For the second test purpose, the interference set 1 can be considered. 
Proposal 3: In the test cases which are designed to achieve MMSE-IRC+CRS-IC gain with low partial load under homogenous scenarios, interference set 3 is preferable. In the test cases which are designed for robustness test, interference set 1 can be considered. 
[image: ]
[bookmark: _Ref416621559]Figure 6: Link level results for TM2+16QAM+10%load+Interference set 1
[image: ]
[bookmark: _Ref416621561]Figure 7: Link level results for TM2+16QAM +10%load+Interference set 2
[image: ]
[bookmark: _Ref416621563]Figure 8: Link level results for TM2+16QAM +10%load+Interference set 3
The tabulation of CRS-IC gain 
In Table 5, CRS-IC gain for different test cases and different side condition is tabulated. In the “CRS-IC” and no-CRS-IC column, the target SNR@70% throughput is given. The gain is equal to the target SNR@70% without CRS-IC minus the target SNR@70 with CRS-IC. 
[bookmark: _Ref416622946]Table 5: CRS-gain for different test cases and different side conditions
	load
	TM
	INR1
(dB)
	INR2
(dB)
	Mod
	CRS-IC
(dB)
	no-CRS-IC
(dB)
	Gain
(dB)

	10%
	TM2
	9.7
	3.7
	64QAM
	9.66 
	12.72 
	3.06 

	
	
	14
	9.1
	64QAM
	10.49 
	15.89 
	5.40 

	
	
	1.34
	-0.73
	64QAM
	9.27 
	9.80 
	0.53 

	
	
	9.7
	3.7
	16QAM
	4.90 
	7.51 
	2.61 

	
	
	14
	9.1
	16QAM
	5.60 
	10.75 
	5.14 

	
	
	1.34
	-0.73
	16QAM
	4.27 
	4.96 
	0.69 

	
	
	9.7
	3.7
	QPSK
	-2.79 
	-0.44 
	2.35 

	
	
	14
	9.1
	QPSK
	　
	2.63 
	　

	
	
	1.34
	-0.73
	QPSK
	-3.51 
	-2.83 
	0.68 

	
	TM3
	9.7
	3.7
	64QAM
	18.43 
	　
	　

	
	
	14
	9.1
	64QAM
	18.73 
	　
	　

	
	
	1.34
	-0.73
	64QAM
	17.54 
	17.50 
	-0.05 

	
	
	9.7
	3.7
	16QAM
	11.54 
	14.55 
	3.01 

	
	
	14
	9.1
	16QAM
	12.27 
	17.88 
	5.61 

	
	
	1.34
	-0.73
	16QAM
	11.19 
	11.63 
	0.43 

	
	
	9.7
	3.7
	QPSK
	1.48 
	4.20 
	2.71 

	
	
	14
	9.1
	QPSK
	2.20 
	7.67 
	5.47 

	
	
	1.34
	-0.73
	QPSK
	0.88 
	1.50 
	0.63 

	
	TM4
	9.7
	3.7
	64QAM
	10.41 
	13.45 
	3.04 

	
	
	14
	9.1
	64QAM
	11.18 
	16.84 
	5.66 

	
	
	1.34
	-0.73
	64QAM
	9.96 
	10.56 
	0.59 

	
	
	9.7
	3.7
	16QAM
	5.48 
	8.22 
	2.74 

	
	
	14
	9.1
	16QAM
	6.64 
	11.41 
	4.78 

	
	
	1.34
	-0.73
	16QAM
	4.95 
	5.54 
	0.59 

	
	
	9.7
	3.7
	QPSK
	　
	-0.07 
	　

	
	
	14
	9.1
	QPSK
	　
	3.10 
	　

	
	
	1.34
	-0.73
	QPSK
	-3.13 
	-2.52 
	0.61 

	
	TM9
	9.7
	3.7
	64QAM
	12.47 
	15.72 
	3.25 

	
	
	14
	9.1
	64QAM
	13.37 
	19.26 
	5.89 

	
	
	1.34
	-0.73
	64QAM
	12.03 
	12.43 
	0.41 

	
	
	9.7
	3.7
	16QAM
	7.23 
	9.91 
	2.68 

	
	
	14
	9.1
	16QAM
	8.00 
	13.26 
	5.25 

	
	
	1.34
	-0.73
	16QAM
	6.51 
	7.11 
	0.60 

	
	
	9.7
	3.7
	QPSK
	-0.71 
	1.70 
	2.42 

	
	
	14
	9.1
	QPSK
	　
	　
	　

	
	
	1.34
	-0.73
	QPSK
	-1.49 
	-0.88 
	0.62 

	30%
	TM2
	9.7
	3.7
	64QAM
	12.41 
	14.15 
	1.74 

	
	
	14
	9.1
	64QAM
	16.15 
	17.89 
	1.74 

	
	
	1.34
	-0.73
	64QAM
	10.39 
	10.80 
	0.42 

	
	
	9.7
	3.7
	16QAM
	7.94 
	9.43 
	1.49 

	
	
	14
	9.1
	16QAM
	11.97 
	13.24 
	1.27 

	
	
	1.34
	-0.73
	16QAM
	5.39 
	5.91 
	0.52 

	
	
	9.7
	3.7
	QPSK
	0.92 
	1.97 
	1.04 

	
	
	14
	9.1
	QPSK
	5.04 
	6.00 
	0.96 

	
	
	1.34
	-0.73
	QPSK
	-2.31 
	-1.82 
	0.49 

	
	TM3
	9.7
	3.7
	64QAM
	　
	　
	　

	
	
	14
	9.1
	64QAM
	　
	　
	　

	
	
	1.34
	-0.73
	64QAM
	18.49 
	18.42 
	-0.07 

	
	
	9.7
	3.7
	16QAM
	14.40 
	16.09 
	1.69 

	
	
	14
	9.1
	16QAM
	18.06 
	19.98 
	1.92 

	
	
	1.34
	-0.73
	16QAM
	12.23 
	12.59 
	0.36 

	
	
	9.7
	3.7
	QPSK
	4.95 
	6.14 
	1.19 

	
	
	14
	9.1
	QPSK
	8.99 
	10.19 
	1.20 

	
	
	1.34
	-0.73
	QPSK
	1.91 
	2.52 
	0.61 

	
	TM4
	9.7
	3.7
	64QAM
	12.65 
	14.87 
	2.22 

	
	
	14
	9.1
	64QAM
	16.12 
	18.50 
	2.38 

	
	
	1.34
	-0.73
	64QAM
	11.00 
	11.36 
	0.36 

	
	
	9.7
	3.7
	16QAM
	8.16 
	9.76 
	1.60 

	
	
	14
	9.1
	16QAM
	12.05 
	13.58 
	1.53 

	
	
	1.34
	-0.73
	16QAM
	5.86 
	6.46 
	0.61 

	
	
	9.7
	3.7
	QPSK
	0.99 
	1.96 
	0.97 

	
	
	14
	9.1
	QPSK
	4.99 
	5.93 
	0.94 

	
	
	1.34
	-0.73
	QPSK
	-2.13 
	-1.56 
	0.57 

	
	TM9
	9.7
	3.7
	64QAM
	15.18 
	17.25 
	2.08 

	
	
	14
	9.1
	64QAM
	18.48 
	　
	　

	
	
	1.34
	-0.73
	64QAM
	13.09 
	13.32 
	0.22 

	
	
	9.7
	3.7
	16QAM
	10.20 
	11.77 
	1.57 

	
	
	14
	9.1
	16QAM
	14.01 
	15.60 
	1.59 

	
	
	1.34
	-0.73
	16QAM
	7.64 
	8.15 
	0.51 

	
	
	9.7
	3.7
	QPSK
	3.11 
	4.09 
	0.98 

	
	
	14
	9.1
	QPSK
	7.01 
	8.28 
	1.27 

	
	
	1.34
	-0.73
	QPSK
	-0.29 
	0.21 
	0.50 



Discussion on the side condition setup and test case list
In [1], for PDSCH, TM2, TM3, TM4, TM9 and TM10 are agreed to be considered for test cases. We can have the following test cases and its corresponding additional test purposes as shown in 
Table 6: Test case list and its corresponding side condition
	Test case
	TM
	Test purposes
	Side condition

	1
	TM2
	· To achieve MMSE-IRC+CRS-IC gain
· To cover CRS-based open loop transmission scheme
	10%load + 64QAM + Int. set 3

	2A
	TM3
	· To achieve MMSE-IRC+CRS-IC gain
· To cover two-layer transmission
	10%load+16QAM+Int. set 3 (note 1)

	2B
	TM3
	· To achieve robustness test
	30%load+16QAM+Int. set 1(note 1)

	3
	TM4
	· To achieve MMSE-IRC+CRS-IC gain
· To cover close loop MIMO
	10%load + 16QAM + Int. set 3

	4
	TM9
	· To achieve MMSE-IRC+CRS-IC gain
· To cover DMRS based scheme
	10%load + 64QAM + Int. set 3

	others
	TM10
	TBD
	TBD

	Note 1: For two-layer transmission, it is better not to use 64QAM. For 64QAM, 70% throughput cannot be achieved within 20 dB. To avoid the high SNR problem, we can select 16QAM for two-layer test. 



Conclusion
In this paper, we provide link level simulation based on the agreed link level simulation assumption. Based on the results, we have the following proposals:
Proposal 1: In the test cases which are designed to achieve MMSE-IRC+CRS-IC gain with low partial load under homogeneous scenarios, 10% load is used.  
Proposal 2: MCS=14 or MCS=20 can be selected for different test cases to increase the coverage. 
Proposal 3: In the test cases which are designed to achieve MMSE-IRC+CRS-IC gain with low partial load under homogenous scenarios, interference set 3 is preferable. In the test cases which are designed for robustness test, interference set 1 can be considered. 
[bookmark: _GoBack]Based on the proposals, we give detail side condition for different test cases. 
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