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1. Introduction

During the email discussion for NAICS interference modeling [1], as Phase-1 NAICS evaluation, we made a consensus to evaluate the NAICS receivers assuming a simple On/Off model for the purpose of calibration. This contribution provides the simulation results of the E-LMMSE-IRC receiver for Phase-1 evaluation.

2. Throughput Evaluation of E-LMMSE-IRC Receiver
2.1. Simulation Configuration

In this contribution, the following SINR ranges, combinations of I1/Noc and I2/Noc, and 40% resource utilization (RU) factor are assumed, which were discussed on the email discussion [2]. 

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

	
	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 traffic model 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. Furthermore, to improve the channel estimation accuracy for the interfering cell, CRS-IC is applied to TM3 when assuming the CRS colliding case, and DMRS-IC is also applied to TM9. The other simulation parameters are shown in the annex. Details of the E-LMMSE-IRC receiver structure are also described in the annex. Note that in this contribution, the number of interfering cells for employing channel estimation is assumed to be one, i.e., we estimate the channel of the most dominant interfering cell between interfering cells with On traffic status.
2.2. Simulation Results
· Low geometry case (5-25%-CDF geometry)

For the low geometry case, the results of TM3 are shown in Fig. 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 Fig. 4, 5, and 6 for 20%-ile I1/Noc, 50%-ile I1/Noc, and 80%-ile I1/Noc, respectively.
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(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
Based on the results in the low geometry case, CRS-IC/DMRS-IC can provide higher gains from the E-LMMSE-IRC receiver than that receiver without CRS-IC/DMRS-IC and Rel.11 MMSE-IRC receiver, i.e., approximately 0.3~1.0 dB for TM3 and 0.2~0.8 dB for TM9 from the simulation results. On the other hand, when CRS-IC/DMRS-IC is not employed, the throughput performance of the E-LMMSE-IRC receiver degrades compared to that of the Rel.11 MMSE-IRC receiver corresponding to the increase in the SINR as shown in the results for On/On and On/Off traffic model. Therefore, we can conclude that the gain of the E-LMMSE-IRC receiver highly depends on the channel estimation accuracy for the interfering cell. Note that when assuming TM3 and CRS non-colliding case, i.e., Off/On traffic model, CRS-IC cannot be employed to estimate the channel matrix for the interfering cell. On the other hand, when assuming TM9 and synchronous network, DMRS-IC can be employed regardless of CRS colliding and non-colliding cases for the E-LMMSE-IRC receiver.
Observation 1: The gain of the E-LMMSE-IRC receiver highly depends on the channel estimation accuracy for the interfering cell.

Observation 2: When assuming TM3 and CRS colliding case, the E-LMMSE-IRC with CRS-IC can provide approximately 0.3~1.0 dB gain compared to Rel. 11 MMSE-IRC receiver in the low geometry case. 

Observation 3: When assuming TM9, the E-LMMSE-IRC with DMRS-IC can provide approximately 0.2~0.8 dB gain compared to Rel. 11 MMSE-IRC receiver in the low geometry case.

· Medium geometry case (40-60%-CDF geometry)

For the medium geometry 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 medium 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 medium 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 medium 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 medium 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 medium 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 medium geometry case (40-60%-CDF geometry), I1/Noc(40%)@80%-ile
Next, we discuss the results in the medium geometry case. Based on the results, when CRS-IC/DMRS-IC is not employed, the performance of the E-LMMSE-IRC receiver degrades compared to that of Rel. 11 MMSE-IRC receiver. This is because the channel estimation accuracy degrades in this SINR region. Even when CRS-IC/DMRS-IC can be employed, the gains from the E-LMMSE-IRC receiver are reduced compared to that in the low geometry case, i.e., approximately 0.4~0.6 dB for TM3 and 0~0.3 dB for TM9 from the simulation results.
Observation 4: In the medium geometry case, the performance of the E-LMMSE-IRC receiver without CRS-IC/DMRS-IC degrades compared to that of Rel. 11 MMSE-IRC receiver.
2.3. View on E-LMMSE-IRC Receiver
We consider that the E-LMMSE-IRC receiver has some potential issues regarding the behavior in the realistic environment as follows.
Issue 1: The E-LMMSE-IRC receiver is effective only in the CRS colliding case when assuming CRS-based transmission modes.

As we observed the previous section, the E-LMMSE-IRC receiver should employ CRS-IC/DMRS-IC to improve the channel estimation accuracy for the interfering cell. Therefore, when assuming CRS-based transmission case, we should deploy a CRS colliding network only for the E-LMMSE-IRC receiver. This seems to be not realistic since current LTE network is generally deployed based on well-planned CRS configuration. 
Issue 2: It seems to be challenging to accurately measure the interference plus noise power except for the dominant interfering cell in the CRS non-colliding case when assuming CRS-based transmission modes.

Even when the high accurate channel estimation for the interfering cell can be achieved in the CRS non-colliding case, the remaining interference plus noise power except for the dominant interfering cell where the receiver estimate the channel matrix is required to generate the E-LMMSE-IRC receiver weight matrix. This is because the channel matrices for serving and interfering cells should be independently estimated (see in the annex). In this case, remaining interference plus noise power should be measured accurately. Note that in this contribution, we calculated this power ideally to clarify the potential gain.
From the above issues, the E-LMMSE-IRC receiver seems to be effective only for DMRS-based transmission modes. We consider that NAICS receiver should cover both CRS and DMRS-based transmission modes since CRS-based transmission modes might be used in the Rel. 12 LTE network. Therefore, we can deprioritize the E-LMMSE-IRC receiver in the NAICS works.
View: We can deprioritize the E-LMMSE-IRC receiver in the NAICS works since this receiver seems to be effective only for DMRS-based transmission modes.

3. Conclusion
This contribution provided the simulation results of the E-LMMSE-IRC receiver for Phase-1 evaluation, and we observed the following points.
Observation 1: The E-LMMSE-IRC receiver highly depends on the channel estimation accuracy for the interfering cell.

Observation 2: When assuming TM3 and CRS colliding case, the E-LMMSE-IRC with CRS-IC can provide approximately 0.3~1.0 dB gain compared to Rel. 11 MMSE-IRC receiver in the low geometry case. 

Observation 3: When assuming TM9, the E-LMMSE-IRC with DMRS-IC can provide approximately 0.2~0.8 dB gain compared to Rel. 11 MMSE-IRC receiver in the low geometry case.

Observation 4: In the medium geometry case, the performance of the E-LMMSE-IRC receiver without CRS-IC/DMRS-IC degrades compared to that of Rel. 11 MMSE-IRC receiver.
Furthermore, we discussed the issues on E-LMMSE-IRC receiver and our views were described as follows.

Issue 1: The E-LMMSE-IRC receiver is effective only in the CRS colliding case when assuming CRS-based transmission modes.

Issue 2: It seems to be challenging to accurately measure the interference plus noise power except for the dominant interfering cell in the CRS non-colliding case when assuming CRS-based transmission modes.

View: We can deprioritize the E-LMMSE-IRC receiver in the NAICS works since this receiver seems to be effective only for DMRS-based transmission modes.
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Annex
· Simulation parameters
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: QAM16, 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: QAM16, 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
· E-LMMSE-IRC receiver structure
The NRx-dimensional received signal vector, y, is expressed as follows. 
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(A1)
where Hi represents the (NRx ( NTx) channel matrix between the i-th cell and the UE, WTx,i represents the (NTx ( NStream) precoding weight matrix of the i-th cell, si represents the NStream-dimensional information signal vector of the i-th cell, and n is the NRx-dimensional noise vector. Here, NTx, NStream, and Ncell are the numbers of transmitter antennas at each cell, transmission streams for the UE, i.e., transmission ranks, and total number of cells, respectively. The 0-th cell (i = 0) is defined as the serving cell for the UE. The ideal MMSE-IRC receiver weight matrix, WIdeal, is expressed using the composite channel, Gi, which is defined as HiWTx,i, and noise power, 2, as follows.

[image: image18.wmf]1

2

1

0

Ideal

cell

-

-

=

÷

÷

ø

ö

ç

ç

è

æ

+

=

å

I

G

G

G

W

s

N

i

H

i

i

H

i

.




(A2)
For the E-LMMSE-IRC receiver, the receiver weight matrix can be categorized into two groups. One is the RS colliding case, the other is the RS non-colliding case. When assuming the RS colliding case and the channel estimations for the serving and the most dominant interfering cell, the estimated receiver weight matrix, WRS col., is expressed using the estimated channel matrix, 
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(A3)
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(A4)

As expressed (A3) and (A4), the E-LMMSE-IRC receiver weight matrix is derived using the similar way of Rel. 11 MMSE-IRC receiver [3].
In contrast, when assuming the RS non-colliding case, the estimated receiver weight matrix, WRS non-col., is expressed using the estimated channel matrix, 
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(A5)

Note that we also assume that the channel estimations for the serving and the most dominant interfering cell are employed. 
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is the interference plus noise power except for he dominant interfering cell where the receiver estimate the channel matrix. In this case, since RSs do not collide with each other, it is issue that 
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should be estimated with high accuracy. 
- 7/9 -

_1437480889.unknown

_1437481410.unknown

_1437481596.unknown

_1437481975.unknown

_1437482144.unknown

_1437481452.unknown

_1437481115.unknown

_1437463337.unknown

_1437463338.unknown

_1437463336.unknown

