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1
Introduction

During RAN4#61, the evaluation methodologies and initial simulation assumptions for the study item on enhanced performance requirements for LTE UE were further discussed and approved in [1]. During RAN4#62, the following way forward was agreed [2]:

· Agree to use averaged profiles in R4-120526 at G=0dB for averaged throughput gain study

· Agree to replace G=-2.5 dB geometry instead of G=-3dB

· Agree to re-run system simulations in order to obtain median DIPs & DIP profiles conditioned to G=-2.5dB

· Input to be provided by 02.03.2012, results to be averaged by RAN4#62bis

· Companies to submit link level results for median DIPs as well as average throughput gain results with the averaged profile for RAN4#62bis
In this contribution, we provide requested link level results for median DIPs and DIP profiles at G=-2.5dB geometry. 
2 
Simulation assumptions
Simulation parameters comply with the agreed assumptions in [1] which are also listed in Annex A. The link level performance is compared for the following receiver structures:
· Rel-8/9 baseline receiver for rank-1 as defined in Annex F of [5] is MRC;
· In this contribution, we consider the following two variants of MRC:

· WB-MRC: performs maximum-ratio-combining with per-branch SNR weighting, where per-branch noise variance estimates are obtained as wideband (WB) sample averages.
· NB-MRC: performs maximum-ratio-combining with per-branch SNR weighting, where per-branch noise variance estimates are obtained as narrowband (NB) sample averages over 1 PRB.
· MMSE-IRC receiver with the following assumptions on interference covariance matrix estimation;
· Residual signals at reference symbols locations:
· CRS locations in OFDM symbols {4,7,11} are used for TM4 (Scenario 1).
· DM-RS locations are used for TM9 (Scenario 2).
· Interference covariance matrix is averaged in time within 1 subframe.
· Interference covariance matrix is averaged in frequency within 1 or 2 PRBs.

Synchronous network operation with two interfering cells is assumed. While not specified in [1], randomly QPSK modulated symbols are assumed here for interfering cells’ signals.
The analysis is conducted for the company-wise averaged median DIPs values [3] provided over the RAN4 email reflector prior to RAN4#62bis:

· DIP1=-2.0158dB, DIP2=-8.3061dB at -2.5dB geometry. 
Additionally, the weighted average throughput gain methodology (see [4] and references therein) is also applied. Again, company-wise averaged DIP profiles [3] provided over the RAN4 email reflector are used as a basis for the provided link level performance results.

3 
Link level performance with fixed MCS
In this section, we provide link level results for fixed MCS according to the agreed assumptions (see Annex A).
3.1
Results for conditional median DIP profiles
Link throughput results for fixed MCS and median DIP profiles conditioned to G=-2.5dB are summarized in Table 1 and Table 2 for Scenario 1 (based on TM4) and Scenario 2 (based on TM9), respectively. Good throughput gains of MMSE-IRC receiver are observed for both CRS- and DM-RS based scenarios (TM4, TM9) for considered fixed MCS: 
· G=-2.5 dB: Average gains of ~25% for TM4 and ~20% for TM9 are found (with 1 PRB interference averaging);
Gain numbers vary with MCS, the fraction of relative throughput at considered G value as well as the overall shape of the throughput curve because of HARQ. A bit lower gains are observed for TM9 scenario, likely due to higher rank-2 probability for interfering cells (30% vs. 20% rank-2 for TM4), a different codebook (4 Tx vs. 2 Tx), CSI-RS PMI estimation and smaller channel estimation width (1 PRB) compared to TM4 with CRS. We further note that gains vary significantly depending on the choice of baseline receiver used for reference, for which there seems to be no clear or common understanding.
Table 1: Link level throughput [Mbps] with fixed MCS in Scenario 1 (TM4) for the conditional median DIP profile at G=-2.5 dB.
	
	
	Rel-8/9 baseline

WB / [NB]
	MMSE-IRC – 1 PRB

wrt. WB / [NB]
	MMSE-IRC – 2 PRB 

wrt. WB / [NB]

	G = -2.5 dB
	MCS#7
	4.0196
[4.3704]
	+0.0%
[+0.0%]
	5.1643
	+28.5%
[+18.2%]
	5.1869
	+29.0%
[+18.7%]

	
	MCS#8
	3.9616
[4.3192]
	+0.0%

[+0.0%]
	5.1022
	+28.8%
[+18.1%]
	5.1734
	+30.6%
[+19.8%]

	
	MCS#9
	3.9339 [4.1682]
	+0.0%

[+0.0%]
	4.6913
	+19.3%
[+12.6%]
	4.7676
	+21.2%
[+14.4%]


Table 2: Link level throughput [Mbps] with fixed MCS in Scenario 2 (TM9) for the conditional median DIP profile at G=-2.5 dB.
	
	
	Rel-8/9 baseline
WB / [NB]
	MMSE-IRC – 1 PRB 

wrt. WB / [NB]
	MMSE-IRC – 2 PRB 

wrt. WB / [NB]

	G = -2.5 dB
	MCS#7
	3.7564 [4.1856]
	+0.0%
[+0.0%]
	4.6483
	+23.7%
[+11.1%]
	4.7805
	+27.3%
[+14.2%]

	
	MCS#8
	3.6620 [3.9163]
	+0.0%
[+0.0%]
	4.4288
	+20.9%
[+13.1%]
	4.5539
	+24.4%
[+16.3%]

	
	MCS#9
	3.6883 [3.9146]
	+0.0%
[+0.0%]
	4.2572
	+15.4%
[+8.8%]
	4.2412
	+15.0%
[+8.3%]


3.2
Weighted average throughput gain study

We apply here the weighted average throughput gain methodology [4]. After separating randomly dropped UEs based on their geometry, we obtain a large sample of UEs, each UE having a different DIP profile, and proceed as follows:
1. After saving the conditioned DIP values from all samples, the DIP values are sorted according to the first DIP (DIP1) in ascending order and then binned in 5-percentile bands. 
2. A mean of all DIP values inside a 5-percentile band is taken, yielding one characteristics DIP value per each 5-percentile. At the end of the process, 20 characteristic DIP values are obtained.
3. The next step involves link level simulations in order to map a link level throughput gain onto each DIP set, considering both baseline and studied MMSE-IRC receiver (frequency domain averaging over 1 PRB). Then, an average throughput gain is obtained and compared to each individual throughput gain. Finally, the DIP used to compute the closest individual throughput gain to the mean is chosen as the characteristic DIP profile.
According to the agreement reached during RAN4#62, we conducted link-level simulations assuming the company-wise averaged DIP profiles conditioned to G=-2.5dB provided in [3]. These are also provided in Table 4 of Annex B for reference. Corresponding power profiles are depicted in Figure 1 below in terms of fraction of interfering cell 1, cell 2 and AWGN powers. 
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Figure 1: Fraction of interfering cells and AWGN power for each DIP profile at G=-2.5 dB.


Link throughput performance for each DIP profile at G=-2.5dB is tabulated in Annex C (Table 5 and Table 6) and resulting throughput gains of MMSE-IRC receiver are depicted in Figure 3 to Figure 6. Based on these results, the following observations can be made:
· Wide range of throughput gains is observed: from ~0% up to ~75% at G=-2.5dB.

· As seen from the figures, gains are highly dependent on power profiles: gains are largest when the fraction of AWGN power is small and there is clearly one dominant interferer (interferer 1 power >> interferer 2 power).

· At G=-2.5 dB, the profiles leading to individual throughput gain being the closest to the average gain are:
· Profile #12 for TM4;
· Profile #13 for TM9.
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Figure 3: Scenario 1 – TM4 – Fixed MCS throughput gain of IRC (1 PRB) vs. WB-baseline for each DIP profile at G=-2.5 dB.
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Figure 4: Scenario 1 – TM4 – Fixed MCS throughput gain of IRC (1 PRB) vs. NB-baseline for each DIP profile at G=-2.5 dB.
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Figure 5: Scenario 2 – TM9 – Fixed MCS throughput gain of IRC (1 PRB) vs. WB-baseline for each DIP profile at G=-2.5 dB.
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Figure 6: Scenario 2 – TM9 – Fixed MCS throughput gain of IRC (1 PRB) vs. NB-baseline for each DIP profile at G=-2.5 dB.


4
Conclusions
In this contribution we evaluated the performance of MMSE-IRC receiver compared to the Rel-8/9 baseline receiver, according to agreed simulation assumptions [1]. Both median DIPs conditioned to G=-2.5dB and sets of DIP profiles with weighted average throughput methodology were considered. Remarkable gains of MMSE-IRC receiver are observed in both CRS and DM-RS based scenarios for the newly considered value of geometry G=-2.5dB. We further note that gains vary significantly depending on the choice of baseline receiver used for reference, for which there seems to be no clear or common understanding. Nevertheless, regardless of the considered reference, MMSE-IRC receiver offers remarkable performance gains.
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Annex A – Simulation assumptions
Table 3: Agreed simulation assumptions for link-level evaluations [1] with the only difference that geometry G=-3dB was replaced by G=-2.5dB.
	Parameter
	Scenario 1

(CRS based)
	Scenario 2

(DM-RS based)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode on Serving cell
	TM6
	TM9 with 1-layer transmission

	Transmission mode on interference cell
	TM4
	TM9

	MIMO configuration
	2x2 and low correlation
	4x2 and low correlation

	Channel model and Doppler frequency for target and interference cells
	EVA, 3km/h, 
Use different channel seed for between cells

	CRS configuration
	2 CRS ports with planning (non-colliding)

	CSI-RS configuration
	None
	4 CSI-RS ports,

 and 5 msec periodicity

	MCS for target signal
	Fixed MCS as follow:

#10, #11, #12 for SINR = 0 dB, and #7, #8 ,#9 for SINR= -2.5dB as baseline,

and outer-loop link adaptation by interested companies

	PMI for target signal
	Follow wideband PMI as baseline

Fixed wideband PMI by interested companies

	H-ARQ
	8 HARQ processes and max 4 transmissions

	Feedback periodicity for target signal
	Feedback periodicity: 5 msec

Feedback delay: 8 msec
	Feedback periodicity: 5 msec

Feedback delay: 8 msec

	MCS/ PMI transmission guranuality and Number of transmission ranks for interfernce signals (% of rank-1 and % of rank-2)
	Randomly changing per sub-band from subframe to subframe as baseline.

Randomly changing per sub-band per 10 msec periodicity by interested companies

Frequency granularity is 6 RBs

	
	80% for rank-1 and 20% for rank-2
	70% for rank-1 and 30% for rank-2

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered

	Resource allocation
	50 RBs 

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum


Annex B – Considered DIP profiles
Table 4: DIP profiles for geometry conditioned to -2.5 dB based on company-wise averaged values [3]
	#
	DIP1
	DIP2
	DIP3
	DIP4
	DIP5
	DIP6
	DIP7
	DIP8
	DIP9

	1
	-5.71
	-6.77
	-9.27
	-11.87
	-13.42
	-14.75
	-15.85
	-16.94
	-18.01

	2
	-4.34
	-5.91
	-10.48
	-12.91
	-14.34
	-15.86
	-16.99
	-17.95
	-18.66

	3
	-3.86
	-5.63
	-11.11
	-13.36
	-15.04
	-16.68
	-17.83
	-18.88
	-20.09

	4
	-3.49
	-5.54
	-11.51
	-13.90
	-15.57
	-17.32
	-18.40
	-19.46
	-20.81

	5
	-3.22
	-5.42
	-12.48
	-14.84
	-16.34
	-18.09
	-19.27
	-20.13
	-20.83

	6
	-2.99
	-5.95
	-12.30
	-14.63
	-16.31
	-17.78
	-19.03
	-19.91
	-21.10

	7
	-2.72
	-6.80
	-11.76
	-14.14
	-16.00
	-17.70
	-18.95
	-19.91
	-21.09

	8
	-2.50
	-7.21
	-12.20
	-14.52
	-16.13
	-17.82
	-19.16
	-20.06
	-21.25

	9
	-2.30
	-7.28
	-12.76
	-14.95
	-16.50
	-18.15
	-19.30
	-20.46
	-22.05

	10
	-2.12
	-7.78
	-12.63
	-14.96
	-16.71
	-18.29
	-19.90
	-20.98
	-22.37

	11
	-1.90
	-8.33
	-12.68
	-14.89
	-16.68
	-18.24
	-19.61
	-21.12
	-22.34

	12
	-1.73
	-8.66
	-12.92
	-15.23
	-16.81
	-18.46
	-19.94
	-21.45
	-22.64

	13
	-1.55
	-9.31
	-13.11
	-15.36
	-16.79
	-18.41
	-20.28
	-21.95
	-23.48

	14
	-1.39
	-9.55
	-13.17
	-15.71
	-17.13
	-18.77
	-21.05
	-22.78
	-24.35

	15
	-1.21
	-9.92
	-13.37
	-16.23
	-17.52
	-19.40
	-22.05
	-23.60
	-25.03

	16
	-1.03
	-10.99
	-13.59
	-16.39
	-17.67
	-20.10
	-22.96
	-24.73
	-26.06

	17
	-0.83
	-11.44
	-14.37
	-17.66
	-19.06
	-22.80
	-25.38
	-26.92
	-28.19

	18
	-0.58
	-12.12
	-15.65
	-19.92
	-21.64
	-27.09
	-28.38
	-29.65
	-30.81

	19
	-0.41
	-13.21
	-17.70
	-21.65
	-22.91
	-30.41
	-31.63
	-32.68
	-33.66

	20
	-0.31
	-13.73
	-19.72
	-22.65
	-24.09
	-35.27
	-36.76
	-37.84
	-38.74


Annex C – Simulation results with fixed MCS & DIP profiles

Table 5: Link level throughput [Mbps] with fixed MCS in Scenario 1 (TM4) for each DIP profile (G=-2.5dB).
	DIP profile index
	
	G = -2.5 dB

	
	
	MCS#7
	MCS#8
	MCS#9

	
	WB-Baseline
	NB-Baseline
	IRC-1 PRB
	WB-Baseline
	NB-Baseline
	IRC-1 PRB
	WB-Baseline
	NB-Baseline
	IRC-1 PRB

	1
	4.0368
	4.0046
	4.0602
	3.8824
	3.9154
	3.9163
	3.8834
	3.9070
	3.9059

	2
	4.0184
	4.1450
	4.3369
	3.9382
	4.0079
	4.2815
	3.8678
	3.9931
	4.1362

	3
	3.9776
	4.1726
	4.5128
	3.8951
	4.0465
	4.4861
	3.8652
	4.0498
	4.2002

	4
	4.0348
	4.3014
	4.7436
	3.8793
	4.1599
	4.4478
	3.8783
	4.0076
	4.4036

	5
	4.0077
	4.3155
	4.7754
	3.9040
	4.1650
	4.6882
	3.9695
	4.1464
	4.5431

	6
	3.9801
	4.3208
	4.8845
	3.9033
	4.2204
	4.7595
	3.9313
	4.0174
	4.4396

	7
	4.0148
	4.2388
	4.8008
	3.9629
	4.1621
	4.8152
	3.9186
	4.0683
	4.4519

	8
	4.0537
	4.3321
	4.8845
	3.8900
	4.1925
	4.8557
	3.9520
	4.1348
	4.5416

	9
	4.1033
	4.3256
	4.9690
	3.9249
	4.2340
	4.9425
	3.9375
	4.2042
	4.6895

	10
	4.0455
	4.4093
	5.1423
	3.9005
	4.3433
	5.1170
	3.8830
	4.2118
	4.7196

	11
	4.0762
	4.4079
	5.1936
	3.9426
	4.3750
	5.1028
	3.8943
	4.2038
	4.8402

	12
	3.9897
	4.4217
	5.2770
	4.0098
	4.3769
	5.2656
	3.9382
	4.2111
	4.9336

	13
	4.0224
	4.5212
	5.3624
	4.0076
	4.4579
	5.3356
	3.9215
	4.3197
	5.1196

	14
	4.0280
	4.5463
	5.5431
	3.9708
	4.5621
	5.5253
	3.9186
	4.3829
	5.3114

	15
	4.0097
	4.5998
	5.6240
	3.9673
	4.5248
	5.8088
	3.8779
	4.3531
	5.5388

	16
	4.0210
	4.7143
	5.6970
	3.9448
	4.6622
	5.9180
	3.9037
	4.3745
	5.8244

	17
	3.9683
	4.7117
	5.8686
	4.0288
	4.7294
	6.2687
	3.9818
	4.5663
	6.1255

	18
	4.0771
	4.8374
	6.0154
	4.0148
	4.7975
	6.4723
	3.9971
	4.6986
	6.5037

	19
	4.0838
	4.9662
	6.0977
	4.0551
	4.9561
	6.6354
	3.9902
	4.7825
	6.9821

	20
	3.9736
	5.0178
	6.1197
	3.9711
	4.9995
	6.6956
	3.9531
	4.7734
	7.0326


Table 6: Link level throughput [Mbps] with fixed MCS in Scenario 2 (TM9) for each DIP profile (G=-2.5dB).
	DIP profile index
	
	G = -2.5 dB

	
	
	MCS#7
	MCS#8
	MCS#9

	
	WB-Baseline
	NB-Baseline
	IRC-1 PRB
	WB-Baseline
	NB-Baseline
	IRC-1 PRB
	WB-Baseline
	NB-Baseline
	IRC-1 PRB

	1
	3.8477
	3.7659
	3.8634
	3.6766
	3.6367
	3.6791
	3.8027
	3.7908
	3.8049

	2
	3.7758
	3.8626
	4.0387
	3.6728
	3.7995
	3.8289
	3.8093
	3.8282
	3.9099

	3
	3.7817
	3.9429
	4.2281
	3.6658
	3.8175
	3.9518
	3.7214
	3.8434
	3.9346

	4
	3.7952
	4.0235
	4.3330
	3.7146
	3.7684
	4.0722
	3.7820
	3.8311
	4.0563

	5
	3.7899
	3.9477
	4.4260
	3.6766
	3.8118
	4.0969
	3.7079
	3.8874
	4.0676

	6
	3.7640
	4.0517
	4.4243
	3.6839
	3.8726
	4.2248
	3.7697
	3.8736
	4.0981

	7
	3.7806
	4.0089
	4.5102
	3.6813
	3.8726
	4.1900
	3.7762
	3.8954
	4.0905

	8
	3.8175
	4.0184
	4.5192
	3.7092
	3.8881
	4.2818
	3.7272
	3.9037
	4.1377

	9
	3.7893
	4.0996
	4.6548
	3.7000
	3.9151
	4.4003
	3.7406
	3.9041
	4.1649

	10
	3.8062
	4.2123
	4.7453
	3.6911
	3.8894
	4.3791
	3.7461
	3.9299
	4.2049

	11
	3.7434
	4.1512
	4.7709
	3.6389
	3.9414
	4.4716
	3.7533
	3.9382
	4.3204

	12
	3.7468
	4.1726
	4.8478
	3.6544
	3.9569
	4.6518
	3.7319
	3.9517
	4.3309

	13
	3.7442
	4.1830
	4.9349
	3.6550
	3.9341
	4.6461
	3.7446
	4.0076
	4.4119

	14
	3.6946
	4.1929
	5.0290
	3.6775
	4.0383
	4.7623
	3.6912
	3.9767
	4.5227

	15
	3.6780
	4.2349
	5.1939
	3.6417
	4.0636
	4.9555
	3.6894
	3.9804
	4.5979

	16
	3.7978
	4.3510
	5.3968
	3.6189
	4.1200
	5.1142
	3.6425
	3.9993
	4.7225

	17
	3.6535
	4.2817
	5.4766
	3.6135
	4.1051
	5.3144
	3.6618
	4.0243
	4.9896

	18
	3.6428
	4.3420
	5.6837
	3.5394
	4.1678
	5.5380
	3.6349
	4.0443
	5.1737

	19
	3.5661
	4.2555
	5.7265
	3.5258
	4.1691
	5.8617
	3.4896
	4.0948
	5.4404

	20
	3.5396
	4.3065
	5.7967
	3.4891
	4.1260
	5.8544
	3.5150
	4.0469
	5.6071



