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1 
Introduction
We had provided our input on the interference modeling discussions for link level simulations of the Enhanced performance requirements for LTE UE SI [1] in contribution [2]. The extracted interference profiles in [2] had been already taken into account in the agreements during the RAN4#61 meeting capture in [3]. 

In [3], the following input has been requested in order to enable final alignment of the simulation assumptions pior to RAN4#62:
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· Provide DIP table based on the following procedure (DIP table for weighted average throughput gain study):

· Save the DIP conditioned on a certain geometry level from all samples; the DIP values are sorted according to the first DIP (DIP1) in ascending order, after this, the data set is binned in 5-percentile bands.
· 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. 

· The tables provided by interested companies will be averaged and a single statistic based DIP will be provided.

In Section 2, we provide our DIP inputs for Macro Case3 in addition to the Macro Case1 results already submitted on the RAN4 reflector, according to the agreed simulation assumptions. In the remainder of the contribution, we provide a discussion on some specific DIP properties of the chosen system level assumptions that are according to our understanding not reflecting realistic network operation. We propose this to be taken into account in the future link level work on Enhanced Performance Requirements for LTE UE.
2 
DIP Distributions for LL Simulations
In our previous contribution [2] we provided some initial DIP inputs, but the results in [2] had not considered the handover margin of 3dB requested in [3]. The difference in G-distribution with and without the handover marging is shown in Figure 1. 
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Figure 1: G distribution for Macro Case 1 & Case 3 w/o handover margin.
As expected, the handover margin of course effects the distribution in the low geometry region dramatically – which of course also will have an effect on the extracted DIP values. 

The extracted DIP distributions with the 3dB handover margin (according to the agreed simulation assumptions) for G=-3dB & G=0dB as well as Macro Case 1 and Macro Case 3 can be found in Table 1:
	
	Macro Case 1
	Macro Case 3

	5% percentiles
	G=-3dB (+/-0.2)

	G=0dB (+/-0.2)
	G=-3dB (+/-0.2)
	G=0dB (+/-0.2)

	
	DIP1
	DIP2
	DIP1
	DIP2
	DIP1
	DIP2
	DIP1
	DIP2

	1
	-5.392
	-6.8495
	-6.2407
	-7.5592
	-11.6324
	-13.5523
	-10.9949
	-12.8339

	2
	-3.7385
	-6.1893
	-5.1667
	-6.8679
	-8.5454
	-10.716
	-8.3486
	-10.267

	3
	-3.2336
	-4.9016
	-4.633
	-6.3385
	-7.5211
	-9.6177
	-7.3206
	-9.4342

	4
	-3.1137
	-3.4042
	-4.2846
	-6.0834
	-6.8888
	-8.9025
	-6.6482
	-8.3349

	5
	-3.0726
	-3.1956
	-3.971
	-6.1871
	-6.4125
	-8.5503
	-6.1539
	-8.3935

	6
	-3.0482
	-3.1748
	-3.7204
	-6.0274
	-5.9831
	-8.3691
	-5.7415
	-8.2988

	7
	-3.0338
	-3.0987
	-3.5402
	-5.9913
	-5.3417
	-7.7268
	-5.3785
	-8.3192

	8
	-3.0253
	-3.0486
	-3.341
	-6.0667
	-4.8212
	-7.7302
	-5.0325
	-8.1096

	9
	-3.0185
	-3.2351
	-3.1848
	-5.5284
	-4.3147
	-8.3981
	-4.7551
	-7.3337

	10
	-3.0138
	-3.052
	-3.0786
	-4.5058
	-3.8641
	-7.9849
	-4.5016
	-7.8763

	11
	-2.9371
	-4.6345
	-3.0206
	-4.0294
	-3.4225
	-7.7207
	-4.2151
	-7.39

	12
	-2.5764
	-7.8197
	-2.8282
	-7.2005
	-3.1261
	-5.9952
	-3.9777
	-7.7193

	13
	-2.2308
	-8.0219
	-2.4538
	-7.7076
	-3.0342
	-3.8074
	-3.7422
	-8.0378

	14
	-1.8768
	-8.907
	-2.1774
	-8.2424
	-2.9802
	-4.9388
	-3.5187
	-7.8485

	15
	-1.56
	-9.9968
	-1.8481
	-9.3719
	-2.6386
	-8.874
	-3.2712
	-7.7157

	16
	-1.2955
	-10.6117
	-1.5165
	-10.0593
	-2.2894
	-9.2948
	-2.9928
	-7.305

	17
	-1.0255
	-11.6837
	-1.2082
	-10.8927
	-1.8941
	-9.7179
	-2.5586
	-8.8539

	18
	-0.7566
	-12.4332
	-0.8082
	-11.8627
	-1.461
	-11.1706
	-1.9696
	-9.9362

	19
	-0.3419
	-14.778
	-0.3866
	-13.7034
	-0.9951
	-12.6334
	-1.2794
	-11.3921

	20
	-0.1416
	-16.6914
	-0.1779
	-15.4269
	-0.3769
	-16.2712
	-0.4664
	-14.6445


Table 1: Conditional DIP values for G=-3dB & G=0dB for the simulation cases of Macro Case 1 and Macro Case 3.
Proposal1: The from system level simulations extracted DIP values for Macro Case3 in Table 1 to be included in the averaging related process to create a single DIP distribution to be used for LL simulations, in case RAN4 to perform also link level simulations for Macro Case3 type of interference situations.
3 
Discussion on identified “DIP Issues”
We further had a look on the properties of the DIP values based on the extracted statistics and recognized some interesting features being present in the DIP values according to the agreed simulation assumptions in [3]. 

One reason for us to investigate a bit further, had been the DIP values reported in [4], that showed a rather strong share (in the order of 40%) of DIP1=-3dB for G=-3dB. We had not seen such behavior in our earlier investigations reported in [2]. We compare the distributions of DIP 1 for the two deployment setups with and without the 3dB handover margin for G=0dB and G=-3dB in Figures 2a and 2b, correspondingly.
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Figure 2: Comparison of DIP1 distributions with & without handover margin for Case 1 & Case 3 (G=-3dB, 0dB)

Looking at Figure 2a, G=-3dB with the mandatory handover margin, the DIP values are higher for the case of G=-3dB with handover margin compared to ideal cell association, as expected. But we also see exactly the same effect as shown in [4], namely a sharp drop in the DIP distribution at DIP=-3dB especially for Macro Case 1 (~40% have DIP=-3dB), but also visible for Macro Case 3 (~10%) for non-ideal handover.
Comparing the situation for G=0dB in Figure 2b, the DIP values are actually slightly lower for the considered handover margin – but the distribution is not showing any specifics as in the case of Figure 2a. 
Let’s come back now to the steep drop in the DIP distributions @ DIP1=-3dB with the handover margin:
There exist a large amount of cases, where the two strongest interfering cells (which are the sectors of the same site) have approximately the same power as the serving cell, resulting in G(DIP1(DIP2(-3dB. This is also highlighted by the yellow marked areas in Table1. The same strange behavior could be also clearly identified by the DIP results provided on the reflector by NTT DoCoMo, Renesas Mobile Europe, Samsung, LG Electronics and partially Qualcomm. Checking a bit more from the system level simulator we recognized that this drop is an effect of the spatial/angular eNB antenna modeling that is actually taking place. 
If the UE is very close to the cell tower (i.e. extreme elevation angle), according to the antenna pattern modeling it will experience all 3 sectors/cells of one site with almost the same signal strength! This is obvious when checking the agreed eNB antenna pattern modeling taken from [3] given by:

Horizontal/azimuth domain: 
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Vertical/elevation domain: 
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Combined spatial antenna response: 
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Looking at the formulas above, the antenna gain difference is limited to a minimum of -25dB (given Am) as such. 

If the UE is now close to the eNB (and outside the main beam in the elevation domain, resulting already in -20dB antenna gain) and outside the ±45degrees azimuthal center of the cell giving -5dB attenuation, resulting in overall -25dB antenna gain – it has the same antenna gain as the neighboring sectors of the same site (also limited to -25dB antenna gain). As the large-scale fading is fully correlated between the cells of a site, these UEs receive the 3 sectors of the same sight with equal power. Moreover, as the UE is rather close to the site, the intra-site interference is rather weak resulting in the extreme dominance of the interference of the neighboring sectors of the same serving site! 
According to our physical understanding, receiving the 3 sectors of one sight with equal power might not really happen in reality and therefore the rather large share of the DIPs being @-3dB seem to be an artifact of the chosen simulation assumptions with respect to eNB antenna pattern modeling but not related to real occurring situations in the field!

To investigate this situation a bit further, we checked how sensitive this point is with respect to the selected G-factors we are carrying out our link level simulations. Therefore, we compared the case of choosing a slightly different G-factor instead (i.e. -2.5dB and -3.5dB instead of -3dB) and to see, if this effect is also visible here, in Figure 3a & b:
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Figure 3: Macro Case 1 (a) and Macro Case 3 (b) – DIP distribution with varying G-factor 
Please note, that the “(” in Figures 3 stands for an averaging interval of ±0.2dB.
Looking at Figure 3a, we can clearly see that the choice of exactly G=-3dB has a strong effect on the “DIP=-3dB” dominance for Macro Case 1. With ideal or realistic handover margin, by choosing the reference G-value just slightly different we do not see this artifact from the eNB antenna pattern modeling any longer. The same is also apparent for Case 3 in Figure 3b, but much less pronounced.

Observation: The DIP values at exactly G=-3dB are not representative as such for low(est) G-value behavior, as an artifact of improper antenna pattern modeling is strongly visible exactly at G=-3dB. 
Consequently, we would like to make the following proposal for further LL studies beyond RAN4#62:

Proposal 2: Reconsider the choice of G=-3dB as the exact reference point for link level studies beyond RAN4#62  to represent low(est) G-value behavior in the cellular network! 
4 
Conclusion
In this contribution we provide input on the link level simulation assumptions by collecting interference statistics / DIP values from system level investigations according to the agreed simulation assumptions in [3]. We identified some artifact in the system modeling creating a non-representative DIP distribution at exactly a G-factor of G=-3dB.
Based on the presented results and discussions in this contribution, we give the following recommendations:

Proposal1: The from system level simulations extracted DIP values for Macro Case3 in Table 1 to be included in the averaging related process to create a single DIP distribution to be used for LL simulations, in case RAN4 to perform also link level simulations for Macro Case3 type of interference situations.
Observation: The DIP values at exactly G=-3dB are not representative as such for low(est) G-value behavior, as an artifact of improper antenna pattern modeling is strongly visible exactly at G=-3dB.
Proposal 2: Reconsider the choice of G=-3dB as the exact reference point for link level studies beyond RAN4#62  to represent low(est) G-value behavior in the cellular network! 
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