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1
Introduction
At the RAN4 #66bis meeting, the terminologies in regard to IC receivers were defined [1]:
· Linear Code word level SIC (L-CWIC)

· ML-CWIC

· Symbol level IC (SLIC)
· Parallel interference cancellation (PIC)
During the email discussion for NAICS interference modelling [2], as Phase-1 NAICS evaluation, we reached a consensus to evaluate the NAICS receivers assuming a simple On/Off model for the purpose of calibration. At the last RAN4 #68 meeting, we provided the Phase-1 evaluation results of the SLIC receiver when assuming the low geometry range [3]. This contribution provides the further Phase-1 evaluation results of the SLIC receiver for the middle geometry range in addition to the low geometry range.
2
Link-Level Simulation Results
1) Simulation Configuration:
In this contribution, the following SINR ranges, combinations of I1/Noc and I2/Noc, and 40% resource utilization (RU) factor are assumed.

Table 1 – SINR ranges, combinations of I1/Noc and I2/Noc for 40%-RU factor

	SINR range
	SINR_min 
(dB)
	SINR_max 
(dB)
	I1/Noc 
percentile
	I1/Noc 
(dB)
	I2/Noc 
(dB)

	Low geometry   (5-25%-CDF)
	-3.74 
	1.08 
	20%
	3.24 
	0.76 

	
	
	
	50%
	7.68 
	2.16 

	
	
	
	80%
	13.83 
	3.31 

	Middle geometry   (40-60%-CDF)
	3.83 
	7.99 
	20%
	2.27 
	0.17 

	
	
	
	50%
	6.25 
	1.48 

	
	
	
	80%
	12.95 
	3.45 


As the On/Off model for the traffic in the interfering cells, the following three patterns are evaluated. 

· On/On
· On/Off
· Off/On
Transmission mode for the serving cell is assumed as TM3 for CRS-based transmission mode and TM9 for DMRS-based transmission mode. In this contribution, CRS-IC is employed for TM3 evaluation, and CRS-IC/DMRS-IC/CSIRS-IC is employed for TM9 evaluation. The other simulation parameters are shown in the Annex-A. Details of the SLIC receiver structure are also described in the Annex-B. Note that in this contribution, it is assumed that the SLIC receiver cancels only the most dominant interference PDSCH, i.e., the PDSCH of the most dominant interfering cell in On/On and On/Off traffic model, and that of the second dominant interfering cell in Off/On traffic model. Regarding CRS and CSI-RS interference, it is assumed that the SLIC receiver cancels these RSs transmitted from the second dominant interfering cell to improve the accuracy of PDSCH demodulation, i.e., CRS-IC and CSIRS-IC are employed for both the most and second most dominant interfering cells.
2) Simulation Results:
· Low geometry (5-25%-CDF geometry)
For the low geometry and MCS #5 (Serving cell) case, the results of TM3 are shown in Figs. 1, 2, and 3 for 20%-ile I1/Noc, 50%-ile I1/Noc, and 80%-ile I1/Noc, respectively. Regarding TM9, the results are shown in Figs. 4, 5, and 6 for 20%-ile I1/Noc, 50%-ile I1/Noc, and 80%-ile I1/Noc, respectively.


[image: image1]
        (a) On/On traffic model             (b) On/Off traffic model              (c) Off/On traffic model   
Figure 1 – Throughput for TM3 in low geometry case (5-25%-CDF geometry), I1/Noc(40%)@20%-ile 
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        (a) On/On traffic model             (b) On/Off traffic model              (c) Off/On traffic model   
Figure 2 – Throughput for TM3 in low geometry case (5-25%-CDF geometry), I1/Noc(40%)@50%-ile
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        (a) On/On traffic model             (b) On/Off traffic model              (c) Off/On traffic model   
Figure 3 – Throughput for TM3 in low geometry case (5-25%-CDF geometry), I1/Noc(40%)@80%-ile 
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        (a) On/On traffic model             (b) On/Off traffic model              (c) Off/On traffic model   
Figure 4 – Throughput for TM9 in low geometry case (5-25%-CDF geometry), I1/Noc(40%)@20%-ile 
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        (a) On/On traffic model             (b) On/Off traffic model              (c) Off/On traffic model   
Figure 5 – Throughput for TM9 in low geometry case (5-25%-CDF geometry), I1/Noc(40%)@50%-ile
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        (a) On/On traffic model             (b) On/Off traffic model              (c) Off/On traffic model   
Figure 6 – Throughput for TM9 in low geometry case (5-25%-CDF geometry), I1/Noc(40%)@80%-ile
The evaluation results for the low geometry case are summarized in Table 2. Note that we focus on the SINR improvement compared to the Rel.11 MMSE-IRC receiver at 70%-ile throughput. 
Based on the results, the value of I1/Noc and MCS of interference cells strongly affect the performance of the SLIC receiver. When assuming high I1/Noc, i.e., I1/Noc at 80%-ile case, the SLIC receiver highly improves the throughput performance compared to that of the Rel. 11 MMSE-IRC receiver. This is because the SLIC receiver can accurately demodulate the PDSCH transmitted from the interfering cells. In this case, when assuming the On/On traffic model, the gain from the SLIC receiver compared to the Rel. 11 MMSE-IRC receiver is approximately 1.2 dB ~ 2.4 dB for TM3 and 1.6 dB ~ 4.8 dB for TM9 depending on the MCS used in the interference cells from the simulation results. However, when assuming low I1/Noc, i.e., I1/Noc at 20%-ile case, the gain from the SLIC receiver decreases compared to that in high I1/Noc case due to inaccurate demodulation for the PDSCH transmitted from interfering cells. Note that the gain from the SLIC receiver compared to the Rel. 11 MMSE-IRC receiver is at most 0.6 dB for TM3 and 1.2 dB for TM9 from the simulation results in On/On traffic model. However, the performance of the SLIC receiver is still higher than that of the Rel.11 MMSE-IRC receiver.
Table 2 – summary of evaluations (low geometry case)
	TM
	MCS set
	I1/Noc percentile
	SINR gain on 70%-ile throughput (dB)

	
	serving cell
	interfering cells
	
	On/On
	On/Off
	Off/On

	TM3
	5
	{5, 5}
	20%
	0.5 
	0.7 
	1.2 

	
	
	{25, 25}
	
	0.6 
	0.6 
	1.1 

	
	
	{5, 5}
	50%
	0.8 
	1.6 
	2.3 

	
	
	{25, 25}
	
	0.7 
	0.9 
	2.0 

	
	
	{5, 5}
	80%
	2.4 
	4.2 
	3.9 

	
	
	{25, 25}
	
	1.2 
	1.5 
	3.5 

	TM9
	5
	{5, 5}
	20%
	1.2 
	1.4 
	0.8 

	
	
	{25, 25}
	
	0.7 
	0.9 
	0.6 

	
	
	{5, 5}
	50%
	2.6 
	2.8 
	1.2 

	
	
	{25, 25}
	
	1.2 
	1.2 
	0.8 

	
	
	{5, 5}
	80%
	4.8 
	4.4 
	1.5 

	
	
	{25, 25}
	
	1.6 
	1.6 
	1.0 


Observation 1: In the low geometry case, the throughput performance of the SLIC receiver highly depends on the I1/Noc and MCS for the interfering cells.

· High I1/Noc, i.e., I1/Noc at 80%-ile case
· The SLIC receiver can provide 1.2 dB ~ 2.4 dB gain for TM3 and 1.6 dB ~ 4.8 dB gain for TM9 compared to Rel. 11 MMSE-IRC receiver depending on the MCS used in the interference cells.

· Low I1/Noc, i.e., I1/Noc at 20%-ile case
· The gain from the SLIC receiver compared to the Rel. 11 MMSE-IRC receiver is less than that in high I1/Noc case.
· However, the performance of the SLIC receiver is still higher than that of the Rel.11 MMSE-IRC receiver.
· Middle geometry case (40-60%-CDF geometry)
For the middle geometry and MCS #14 (Serving cell) case, the results of TM3 are shown in Fig. 7, 8, and 9 for the On/On, On/Off, and Off/On traffic models, respectively. Regarding TM9, the results are shown in Fig. 10, 11, and 12 for the On/On, On/Off, and Off/On traffic models, respectively.
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        (a) On/On traffic model             (b) On/Off traffic model              (c) Off/On traffic model   
Figure 7 – Throughput for TM3 in middle geometry case (40-60%-CDF geometry), I1/Noc(40%)@20%-ile 
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        (a) On/On traffic model             (b) On/Off traffic model              (c) Off/On traffic model   
Figure 8 – Throughput for TM3 in middle geometry case (40-60%-CDF geometry), I1/Noc(40%)@50%-ile
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        (a) On/On traffic model             (b) On/Off traffic model              (c) Off/On traffic model   
Figure 9 – Throughput for TM3 in middle geometry case (40-60%-CDF geometry), I1/Noc(40%)@80%-ile 
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        (a) On/On traffic model             (b) On/Off traffic model              (c) Off/On traffic model   
Figure 10 – Throughput for TM9 in middle geometry case (40-60%-CDF geometry), I1/Noc(40%)@20%-ile 
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        (a) On/On traffic model             (b) On/Off traffic model              (c) Off/On traffic model   
Figure 11 – Throughput for TM9 in middle geometry case (40-60%-CDF geometry), I1/Noc(40%)@50%-ile
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        (a) On/On traffic model             (b) On/Off traffic model              (c) Off/On traffic model   
Figure 12 – Throughput for TM9 in middle geometry case (40-60%-CDF geometry), I1/Noc(40%)@80%-ile
The evaluation results for the middle geometry case are summarized in Table 3. Note that we focus on the SINR improvement compared to the Rel.11 MMSE-IRC receiver at 70%-ile throughput.
Table 3 – summary of evaluations (middle geometry case)
	TM
	MCS set
	I1/Noc percentile
	SINR gain on 70%-ile throughput (dB)

	
	serving cell
	interfering cells
	
	On/On
	On/Off
	Off/On

	TM3
	14
	{5, 5}
	20%
	0.1 
	0.2 
	0.7 

	
	
	{25, 25}
	
	0.2 
	0.3 
	0.8 

	
	
	{5, 5}
	50%
	0.3 
	0.4 
	1.3 

	
	
	{25, 25}
	
	0.3 
	0.3 
	1.4 

	
	
	{5, 5}
	80%
	0.7 
	0.9 
	2.7 

	
	
	{25, 25}
	
	0.5 
	1.1 
	2.7 

	TM9
	14
	{5, 5}
	20%
	0.2 
	0.3 
	0.2 

	
	
	{25, 25}
	
	0.2 
	0.2 
	0.2 

	
	
	{5, 5}
	50%
	0.6 
	0.8 
	0.4 

	
	
	{25, 25}
	
	0.3 
	0.2 
	0.3 

	
	
	{5, 5}
	80%
	1.9 
	2.0 
	0.7 

	
	
	{25, 25}
	
	0.2 
	0.1 
	0.5 


Next, we discuss the results in the middle geometry case. Based on the results, the values of I1/Noc and MCS of interference cells strongly affect the performance of the SLIC receiver similarly to the low geometry case. However, the gain from the SLIC receiver significantly decreases compared to that in a low geometry case. This is because the SLIC receiver cannot demodulate the PDSCH from the interfering cells due to the low received power of interference in the middle geometry case. However, the throughput performance of the SLIC receiver is not degraded compared to that of the Rel.11 MMSE-IRC receiver. When assuming high I1/Noc, i.e., I1/Noc at 80%-ile case, the gain from the SLIC receiver compared to the Rel. 11 MMSE-IRC receiver is 0.5 dB ~ 0.7 dB for TM3 and 0.2 dB ~ 1.9 dB for TM9 depending on the MCS used in the interference cells from the simulation results in On/On traffic model. On the other hands, when assuming low I1/Noc, i.e., I1/Noc at 20%-ile case, the performance of the SLIC receiver is slightly higher (or almost the same) compared to that of the Rel. 11 MMSE-IRC receiver in On/On traffic model.
Observation 2: In the middle geometry case, the gain of the SLIC receiver degreases compared to that in the low geometry case.

Observation 3: The throughput performance of the SLIC receiver still highly depends on the I1/Noc and MCS of interference cells in the middle geometry case.
· High I1/Noc, i.e., I1/Noc at 80%-ile case
· The SLIC receiver can provide 0.5 dB ~ 0.7 dB gain for TM3 and 0.2 dB ~ 1.9 dB gain for TM9 compared to Rel. 11 MMSE-IRC receiver depending on the MCS used in the interference cells.
· Low I1/Noc, i.e., I1/Noc at 20%-ile case
· The gain from the SLIC receiver compared to the Rel. 11 MMSE-IRC receiver is less than that in high I1/Noc case.

· The performance of the SLIC receiver is slightly higher (or almost the same) compared to that of the Rel. 11 MMSE-IRC receiver in On/On traffic model.
3
Conclusion
This contribution provided the further Phase-1 evaluation results of the SLIC receiver, and we observed the following points.
Observation 1: In the low geometry case, the throughput performance of the SLIC receiver highly depends on the I1/Noc and MCS for the interfering cells.

· High I1/Noc, i.e., I1/Noc at 80%-ile case
· The SLIC receiver can provide 1.2 dB ~ 2.4 dB gain for TM3 and 1.6 dB ~ 4.8 dBt gain for TM9 compared to Rel. 11 MMSE-IRC receiver depending on the MCS used in the interference cells.

· Low I1/Noc, i.e., I1/Noc at 20%-ile case
· The gain from the SLIC receiver compared to the Rel. 11 MMSE-IRC receiver is less than that in high I1/Noc case.
· However, the performance of the SLIC receiver is still higher than that of the Rel.11 MMSE-IRC receiver.
Observation 2: In the middle geometry case, the gain of the SLIC receiver degreases compared to that in the low geometry case.

Observation 3: The throughput performance of the SLIC receiver still highly depends on the I1/Noc and MCS of interference cells in the middle geometry case.
· High I1/Noc, i.e., I1/Noc at 80%-ile case
· The SLIC receiver can provide 0.5 dB ~ 0.7 dB gain for TM3 and 0.2 dB ~ 1.9 dB gain for TM9 compared to Rel. 11 MMSE-IRC receiver depending on the MCS used in the interference cells.
· Low I1/Noc, i.e., I1/Noc at 20%-ile case
· The gain from the SLIC receiver compared to the Rel. 11 MMSE-IRC receiver is less than that in high I1/Noc case.

· The performance of the SLIC receiver is slightly higher (or almost the same) compared to that of the Rel. 11 MMSE-IRC receiver in On/On traffic model.
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Annex-A Simulation assumption

Simulation parameters that assumed in the contribution are summarized in Table A1.

Table A1 – Simulation parameters

	Parameter
	Unit
	Serving
	I1
	I2

	Downlink power allocation
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	dB
	-3
	-3
	-3
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	dB
	-3 (Note 1)
	-3
	-3
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at antenna port
	dBm/15kHz
	[-98]
	N/A
	N/A

	Es/Noc, I1/Noc, I2/Noc
	dB
	Note 2
	Note 2
	Note 2

	BWChannel
	MHz
	10
	10
	10

	Cell Id
	
	0
	6
	1

	Number of control OFDM symbols
	
	2
	2
	2

	PDSCH TM and MCS
	
	Note 3
	Note 3
	Note 3

	Channel model

(for calibration purposes)
	
	EPA5
	EPA5
	EPA5

	Antenna configuration (Note 5)
	
	2 x 2 (low correlation) for TM3, 

4 x 2 (low correlation for TM9) 
	2 x 2 (low correlation) for TM3, 

4 x 2 (low correlation for TM9)
	2 x 2 (low correlation) for TM3, 

4 x 2 (low correlation for TM9)

	Maximum re-transmission for HARQ (Note 5)
	
	4
	N/A
	N/A


Note 1:
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Note 2:     See Table 1

Note 3:     Fixed MCS/RI across subframes and subbands for both serving and interference cell
· TM2 serving cell:

· MCS 5: QPSK, Rate 1/3
· MCS 14: 16QAM, Rate 1/2
· Intf1: TM3 Rank2 interferer (same MCS on both streams)
· MCS 5: QPSK, Rate 1/3
· MCS 25: QAM64, Rate ¾
· Intf2: TM2 Interferer

· MCS 5: QPSK, Rate 1/3
· MCS 25: QAM64, Rate ¾
· Resultant 2 MCS combinations for interferers {5,5}, {25,25}

· TM9 Rank 1 serving cell: 

· MCS 5: QPSK, Rate 1/3
· MCS 14: 16QAM, Rate 1/2
· Intf1: One TM9 Rank1 interferer

· MCS 5: QPSK, Rate 1/3
· MCS 25: QAM64, Rate ¾
· Intf2: One TM9 Rank1 interferer, MCS 5 / MCS 25
· MCS 5: QPSK, Rate 1/3
· MCS 25: QAM64, Rate ¾
· Resultant 2 MCS combinations for interferers {5,5}, {25,25}.
Note 4: Wideband PMI is for TM4 and TM9 transmissions during Phase 1.
· Fixed across entire frequency band
· Varies randomly from subframe to subframe for interfering cells, fixed across subframes for serving cell
· Note 5: These parameters are not clarified on the email discussion for the NAICS interference modelling, and we choose for the evaluation
Annex-B Receiver structure of SLIC receiver
Here, we show the details of the receiver structure of the SLIC receiver based on Rel.11 MMSE-IRC receiver assumed in the contribution. In this annex, we assumed the following signal model:
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	(1)


where Hq represents the (NRx ( NTx) channel matrix between the q-th cell, and n is the NRx-dimensional noise vector. Here, Ncell are the numbers of total cells, and the 0-th cell (q = 0) is defined as the serving cell for the UE. 
Figure B1 shows an example of the block diagram of the SLIC receiver. First, the SLIC receiver estimates the channel matrix for the most dominant interfering cell (assuming q = 1) using the CRS or DMRS transmitted from the most dominant interfering cell. Note that  CRS-IC/DMRS-IC are employed when assuming RS colliding case. Next, the SLIC receiver generates the Rel.11 MMSE-IRC receiver weight matrix for the most dominant interfering cell using the estimated channel matrix and the covariance matrix as follows. 
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where 
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 is the estimated channel matrix of the most dominant interfering cell; and 
[image: image20.wmf]I+N,1

ˆ

R

 is the covariance matrix only including interference and noise component estimated by the reference signal from the most dominant interfering cell; Pq and 
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 are the transmission power and the number of transmission streams of the q-th cell. 
The SLIC receiver calculates the bit LLR (Log Likelihood Ratio) from the recovered interfering signal vector,
[image: image22.wmf]ˆ

1

s

, and generates a soft decision symbol vector 
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base on the bit LLR. Then, the interference replica signal vector for the most dominant interfering cell is cancelled to the received signal vector, y, as follows.
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The above interference signal cancellation process is successively performed for some dominant interfering signals. Note that the covariance matrix of the i-th cancellation step, 
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, is estimated considering a residual interference signals from 1stto (i-1)-th step as follows.
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where 
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 and 
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 are the reference signal and the resource mapping set of the reference signal from the i-th cell, respectively. The received signal vector cancelled the interference replica signal from 1st step to (i-2)-th step, 
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, is expressed as follows.
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Finally after some dominant interference signals are cancelled, the desired signal is detected similarly to the interference signals and decoded using turbo decoder, and then we obtained the received data sequence.
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Figure B1. An example of the block diagram of SLIC receiver.
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