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1
Introduction

During RAN4#62, participating companies evaluated gains of advanced receivers for LTE UE based on two different categories of interference profiles conditioned to given geometry:

· Median DIPs values [1];
· A set of 20 DIP profiles [2].

Above statistics were derived from system simulations and averaged across individual company inputs. A summary of the corresponding link level performance was approved in reference [3]. However, no conclusion was drawn based on these results in terms of typical DIP profiles. This contribution applies the weighted average throughput gain methodology (see [4] and references therein) at G=0dB geometry in order to identify a typical DIP profile representative of average gains provided by advanced receivers. The latter typical profile is also compared to median DIPs in terms of link level gains as well as structure of the interference. Similar analysis can be applied in the case of G=-2.5dB geometry once the link level performance results from interested companies become available by RAN4#62bis.
2 
Median DIPs conditioned to G=0dB geometry
The summary of link level gains assuming median DIP values conditioned to G=0dB is found in reference [3] and reproduced in Table 1 below. The values of interest for baseline assumptions (i.e. fixed MCS and synchronous network operation) are highlighted by red boxes. One may conclude that:
· In Scenario 1 (TM6): average gain over considered MCS is in the order of 16.9%;
· In Scenario 2 (TM9): average gain over considered MCS is in the order of 13.6%.
Assumed median DIPs were set to DIP1=-2.8dB, DIP2=-7.3dB, according to [1]. Corresponding power profiles in terms of fraction of interfering cell 1, cell 2 and AWGN powers are depicted in Figure 1.
Table 1: Median DIPs conditioned to G=0dB – Averaged throughput performance based on individual company contributions - Synchronous network (source: reference [1]).
	Transmission Mode
	Covariance matrix estimation scheme
	Geometry 
	MCS index#
	Averaged throughput (Mbps)
	Gain
	Contributions for averaged throughput

	
	
	
	
	Rel.8 baseline receiver
	MMSE-IRC receiver
	
	

	2TX, TM6 
(Scenario 1)
	CRS based 
	0 dB
	10
	5.36 
	6.24 
	16.3%
	Huawei (R4-120374), NTT DOCOMO (R4-120509), Renesas Mobile Europe Ltd. (R4-120527), Motorola Mobility (R4-120657), Nokia Siemens Networks, Nokia (R4- 120911), LG electronics (R4-120937), ST-Ericsson/Ericsson (R4-120919)

	
	
	
	11
	5.42 
	6.36 
	17.4%
	

	
	
	
	12
	5.15 
	6.03 
	16.9%
	

	
	
	
	OLLA
	5.85 
	6.52 
	11.5%
	Huawei (R4-120374), NTT DOCOMO (R4-120509), Qualcomm (R4-120431)

	
	
	-3 dB
	7
	3.53 
	4.27 
	20.9%
	Huawei (R4-120374), NTT DOCOMO (R4-120509), Renesas Mobile Europe Ltd. (R4-120527), Nokia Siemens Networks, Nokia (R4- 120911), LG Electronics (R4-120937), ST-Ericsson/Ericsson (R4-120919)

	
	
	
	8
	3.51 
	4.17 
	18.8%
	

	
	
	
	9
	3.45 
	4.01 
	16.1%
	

	
	
	
	OLLA
	3.34 
	3.99 
	19.6%
	Huawei (R4-120374), NTT DOCOMO (R4-120509), Qualcomm (R4-120431)

	4TX, TM9
 (Scenario 2)
	DM-RS based
	0 dB
	10
	5.37 
	6.15 
	14.4%
	Huawei (R4-120374), NTT DOCOMO (R4-120509), Renesas Mobile Europe Ltd. (R4-120527), Motorola Mobility (R4-120657), Nokia Siemens Networks, Nokia (R4- 120912), LG Electronics (R4-120937), ST-Ericsson/Ericsson (R4-120919)

	
	
	
	11
	5.20 
	5.93 
	14.0%
	

	
	
	
	12
	4.95 
	5.57 
	12.5%
	

	
	
	
	OLLA
	5.64 
	6.26 
	10.9%
	Huawei (R4-120374), NTT DOCOMO (R4-120509)

	
	
	-3 dB
	7
	3.37 
	3.89 
	15.4%
	Huawei (R4-120374), NTT DOCOMO (R4-120509), Renesas Mobile Europe Ltd. (R4-120527), Nokia Siemens Networks, Nokia (R4- 120912), LG Electronics (R4-120937), ST-Ericsson/Ericsson (R4-120919)

	
	
	
	8
	3.31 
	3.73 
	12.7%
	

	
	
	
	9
	3.26 
	3.70 
	13.5%
	

	
	
	
	OLLA
	3.24 
	3.83 
	18.2%
	Huawei (R4-120374), NTT DOCOMO (R4-120509)


3
Typical DIP profile conditioned to G=0dB geometry
The summary of link level gains assuming the set of 20 averaged DIP profiles conditioned to G=0dB is found in reference [3] and reproduced in Table 2 below. The values of interest are highlighted by red boxes. One may conclude that:

· In Scenario 1 (TM6): average gain over considered MCS is in the order of 23.4%;

· In Scenario 2 (TM9): average gain over considered MCS is in the order of 19.3%.

The above gains are sensibly higher compared to the ones obtained with median DIPs.

Assumed DIP profiles were set to according to reference [2] and are also provided in Table 4. Corresponding power profiles in terms of fraction of interfering cell 1, cell 2 and AWGN powers are depicted in Figure 2. Applying now to these results the weighted average throughput gain methodology leads us to the observation that in both Scenario 1 and Scenario2, the associated link level gains for DIP profile #14 are the closest compared to the gains averaged over all 20 profiles. In the case of two interfering cells, DIP profile #14 reads:
· DIP profile #14: DIP1= -2.0561 dB and DIP2=-8.2463 dB.

Observation 1:
For both Scenario 1 and Scenario2, the associated link level gains for DIP profile #14 are the closest compared to the gains averaged over all 20 profiles.
Proposal 1: 

RAN4 to make a decision on which set of DIPs to select for future work at G=0dB: DIP profile#14 or conditional median DIPs.

Similar analysis can be applied in the case of G=-2.5dB geometry once the link level performance results from interested companies become available by RAN4#62bis.

Proposal 2: 

Weighted average throughput gain methodology is to be applied at G=-2.5dB in order to identify the corresponding typical DIP profile.

Table 2: DIP profiles conditioned to G=0dB – Average of simulation results (gain) on Scenario 1 (2TX, TM6) using CRS based covariance matrix estimation (source: reference [1]).
	Geometry 
	DIP set#
	Throughput (kbps)

	
	
	MCS #10
	MCS #11
	MCS #12

	
	
	Rel.8 baseline receiver
	MMSE-IRC receiver
	Gain
	Rel.8 baseline receiver
	MMSE-IRC receiver
	Gain
	Rel.8 baseline receiver
	MMSE-IRC receiver
	Gain

	0 dB
	1
	 
	 
	1.09%
	 
	 
	2.05%
	 
	 
	3.44%

	
	2
	 
	 
	5.14%
	 
	 
	5.24%
	 
	 
	6.09%

	
	3
	 
	 
	7.79%
	 
	 
	8.63%
	 
	 
	7.42%

	
	4
	 
	 
	9.31%
	 
	 
	11.53%
	 
	 
	12.23%

	
	5
	 
	 
	11.09%
	 
	 
	12.79%
	 
	 
	11.81%

	
	6
	 
	 
	14.27%
	 
	 
	15.13%
	 
	 
	14.51%

	
	7
	 
	 
	15.02%
	 
	 
	16.58%
	 
	 
	16.81%

	
	8
	 
	 
	17.09%
	 
	 
	19.58%
	 
	 
	19.65%

	
	9
	 
	 
	18.83%
	 
	 
	21.80%
	 
	 
	22.42%

	
	10
	 
	 
	22.49%
	 
	 
	25.57%
	 
	 
	27.71%

	
	11
	 
	 
	21.12%
	 
	 
	23.80%
	 
	 
	23.25%

	
	12
	 
	 
	18.96%
	 
	 
	19.54%
	 
	 
	20.32%

	
	13
	 
	 
	19.95%
	 
	 
	21.51%
	 
	 
	24.04%

	
	14
	 
	 
	20.81%
	 
	 
	24.81%
	 
	 
	25.60%

	
	15
	 
	 
	25.08%
	 
	 
	28.58%
	 
	 
	28.94%

	
	16
	 
	 
	28.13%
	 
	 
	32.52%
	 
	 
	33.89%

	
	17
	 
	 
	32.10%
	 
	 
	34.91%
	 
	 
	41.11%

	
	18
	 
	 
	36.66%
	 
	 
	42.93%
	 
	 
	50.25%

	
	19
	 
	 
	41.64%
	 
	 
	50.73%
	 
	 
	64.90%

	
	20
	 
	 
	44.15%
	 
	 
	53.03%
	 
	 
	69.16%

	
	Ave.
	 
	 
	20.54%
	 
	 
	23.56%
	 
	 
	26.18%


Table 3: DIP profiles conditioned to G=0dB – Average of simulation results (gain) on Scenario 2 (4TX, TM9) using DM-RS based covariance matrix estimation (source: reference [1]).
	Geometry 
	DIP set#
	Throughput (kbps)

	
	
	MCS #10
	MCS #11
	MCS #12

	
	
	Rel.8 baseline receiver
	MMSE-IRC receiver
	Gain
	Rel.8 baseline receiver
	MMSE-IRC receiver
	Gain
	Rel.8 baseline receiver
	MMSE-IRC receiver
	Gain

	0 dB
	1
	 
	 
	-2.13%
	 
	 
	-1.02%
	 
	 
	1.38%

	
	2
	 
	 
	1.37%
	 
	 
	2.98%
	 
	 
	3.91%

	
	3
	 
	 
	4.26%
	 
	 
	5.77%
	 
	 
	6.13%

	
	4
	 
	 
	6.70%
	 
	 
	6.60%
	 
	 
	7.85%

	
	5
	 
	 
	7.94%
	 
	 
	8.56%
	 
	 
	9.29%

	
	6
	 
	 
	9.69%
	 
	 
	10.73%
	 
	 
	11.88%

	
	7
	 
	 
	10.25%
	 
	 
	13.17%
	 
	 
	12.98%

	
	8
	 
	 
	13.52%
	 
	 
	14.48%
	 
	 
	16.47%

	
	9
	 
	 
	14.54%
	 
	 
	18.15%
	 
	 
	17.43%

	
	10
	 
	 
	18.46%
	 
	 
	21.89%
	 
	 
	22.84%

	
	11
	 
	 
	15.97%
	 
	 
	18.79%
	 
	 
	18.89%

	
	12
	 
	 
	14.55%
	 
	 
	15.14%
	 
	 
	15.67%

	
	13
	 
	 
	16.55%
	 
	 
	18.27%
	 
	 
	19.20%

	
	14
	 
	 
	18.33%
	 
	 
	21.01%
	 
	 
	21.36%

	
	15
	 
	 
	20.73%
	 
	 
	24.72%
	 
	 
	24.25%

	
	16
	 
	 
	23.14%
	 
	 
	27.81%
	 
	 
	28.83%

	
	17
	 
	 
	26.78%
	 
	 
	32.04%
	 
	 
	33.36%

	
	18
	 
	 
	31.76%
	 
	 
	40.22%
	 
	 
	42.97%

	
	19
	 
	 
	37.86%
	 
	 
	49.25%
	 
	 
	56.39%

	
	20
	 
	 
	39.50%
	 
	 
	50.57%
	 
	 
	56.13%

	
	Ave.
	 
	 
	16.49%
	 
	 
	19.95%
	 
	 
	21.36%
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Figure 1: Fraction of interfering cells & AWGN power for median DIPs DIP1=-2.8dB, DIP2=-7.3dB at G=0 dB.
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Figure 2: Fraction of interfering cells & AWGN power for each DIP profile at G=0 dB.
Table 4: Averaged DIP profiles conditioned to G=0dB (source: reference [2]).

[image: image3.emf]DIP1 DIP2 DIP3 DIP4 DIP5 DIP6 DIP7 DIP8 DIP9

[dB] [dB] [dB] [dB] [dB] [dB] [dB] [dB] [dB]

1 -5.8756 -7.0712 -9.2161 -11.6383 -13.2606 -14.4786 -15.4275 -16.4086 -17.2367

2 -4.8707 -6.2968 -9.8932 -12.4335 -13.9319 -15.1298 -16.1461 -17.1757 -17.9721

3 -4.4235 -6.0674 -10.4683 -12.6669 -14.3042 -15.5219 -16.5624 -17.5677 -18.3642

4 -4.0946 -5.7811 -10.9230 -13.0898 -14.7880 -15.9233 -16.9939 -18.0285 -19.0689

5 -3.8324 -5.8516 -11.4141 -13.2123 -15.0501 -16.0650 -17.1284 -18.1029 -19.1504

6 -3.6164 -5.7613 -11.5225 -13.6073 -15.4317 -16.5767 -17.7026 -18.6865 -19.8633

7 -3.4257 -5.6410 -11.9433 -14.1211 -15.8476 -16.7291 -17.9870 -19.0622 -20.1216

8 -3.2545 -5.1860 -12.7269 -14.7114 -16.6441 -17.2220 -18.4128 -19.4727 -20.6932

9 -3.1187 -4.9768 -13.6190 -15.6438 -17.4545 -18.5337 -19.8016 -20.9741 -22.1226

10 -3.0035 -4.3905 -15.9347 -17.8697 -19.9738 -24.1105 -25.2075 -26.1956 -28.3577

11 -2.8813 -5.0915 -14.5968 -16.4632 -18.4665 -20.8711 -21.9710 -22.8627 -25.5805

12 -2.6167 -7.2098 -12.4779 -14.1822 -16.2392 -17.3941 -18.7131 -19.7297 -21.2875

13 -2.3314 -7.5707 -12.7063 -14.4677 -16.4213 -17.5312 -19.0203 -20.2314 -21.7555

14 -2.0561 -8.2463 -12.8626 -14.7272 -16.5210 -17.6566 -19.2153 -20.5094 -22.0448

15 -1.7830 -8.9602 -12.9834 -14.8263 -16.8133 -17.6834 -19.6412 -21.1566 -22.5336

16 -1.5155 -9.7449 -13.2458 -15.2033 -16.9709 -18.0138 -20.4783 -22.1490 -23.7060

17 -1.2429 -10.7098 -13.6667 -15.6233 -17.1317 -18.7696 -21.6967 -23.5683 -24.9530

18 -0.8743 -11.5208 -14.4146 -17.5961 -19.3167 -22.3218 -24.5771 -26.0987 -27.2738

19 -0.4148 -13.3836 -17.5367 -22.5611 -24.7592 -27.7245 -29.1161 -30.2893 -31.5747

20 -0.1714 -15.6040 -24.1766 -29.2237 -31.8375 -34.0250 -35.2416 -36.4086 -37.9132

#


4
Conclusions
In this contribution we apply the weighted average throughput gain methodology at G=0dB geometry in order to identify a typical DIP profile representative of average gains provided by advanced receivers. The latter typical profile is also compared to median DIPs in terms of link level gains as well as structure of the interference. We made the following observation and proposals:

Observation 1:
For both Scenario 1 and Scenario2, the associated link level gains for DIP profile #14 are the closest compared to the gains averaged over all 20 profiles.
Proposal 1: 

RAN4 to make a decision on which set of DIPs to select for future work at G=0dB: DIP profile#14 or conditional median DIPs.

Proposal 2: 

Weighted average throughput gain methodology is to be applied at G=-2.5dB in order to identify the corresponding typical DIP profile.
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