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1 Introduction 

RAN4 #51 has discussed contribution [1] on LTE UL Power control impact on other systems, in particular UTRA. The contribution reviewed earlier RAN4 findings that certain combinations of E‑UTRA UL PC parameter values can potentially still cause excessive interference to UTRA UL, as discussed in TR 36.942 section 8.1.1 and in the references mentioned there, e.g. for the so called power control parameter set 1. The RAN4 discussion of [1] encouraged more detailed investigations to further quantify the potential impact of E-UTRA interference to UTRA. 
The present contribution provides additional simulation results showing the influence of parameters like the network depoyment offset, ACLR improvement with transmit power reduction, traffic activity pattern and 3D antennas.
2 Influence of various parameters on E-UTRA to UTRA uplink interference
Except for the specific parameter under study, the simulation assumptions follow TR 36.942, in particular section 7.1.1.3, i.e.: 

Aggressor system:

5 MHz E-UTRA

Victim system:


UTRA FDD

Simulation frequency:
2000 MHz

Environment:



Macro Cell, Urban Area, uncoordinated deployment

Cell Range



500 m

All results presented here are produced with PC parameter set 1 (the "aggressive" one).

2.1.1 Impact of offset between network deployments
Assuming around a site of network 1 there is one site of network 2 within a disk of radius ISD/sqrt(3) around the considered site of network 1, and the site of network 2 can be located anywhere within the disk, then the probability density to have a distance D between the sites is pdf(D)=2/sqrt(3)*D/ISD and the corresponding cdf is:
cdf(D)=(D/(ISD/sqrt(3)))2
which is plotted in Figure 1.
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Figure 1: CDF of distance between sites
As shown in Figure 2 the acceptable 5% UTRA capacity degradation for ACIR of 33dB are reached only for offset < 1/4 of the maximum offset, and according to Figure 1 such small offsets occur only with 6% probability. For zero offset the capacity degradation decreases strongly. The reason is that for zero offset also the shadowing is equal for the Node-B and eNodeB antennas at the same site. Unfortunately the shadowing correlation decreases quickly to zero with increasing offset. RAN 1 assumption on the shadowing coherence distance is 50m, so already for the offset=max/4 case the offset is larger than the coherence distance and the shadowing correlation therefore drops to the standard value of 0.5 from TR 36.942.
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Figure 2: UTRA capacity degradation versus ACIR 

To provide further insight, we also plot the CDF of the per Node-B ratio of the interference from E-UTRA to UTRA and the thermal noise in Figure 3. It is noted that the TR 36.942 assumption is that UTRA operates at 6dB noise rise and the sum of the E-UTRA and UTRA interference at a UTRA BS needs to be kept at 6dB above thermal noise, i.e. the higher the E-UTRA interference the lower the UTRA capacity. Figure 4 shows the CDF of the corresponding UTRA capacity degradation per cell. It is visible that at the percentage where Figure 3 reaches an interference to noise ratio of 6dB the capacity degradation in Figure 4 reaches 100%.
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Figure 3: Interference from E-UTRA relative to thermal noise
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Figure 4: CDF of capacity degradation per cell
2.1.2 ACLR improvement with power reduction

We apply the following model of ACLR improvement with power reduction:

ACLR=33dB+min(CAP,lin2db(Pmax/P*F))
Pmax: UE maximum transmit power of 24dBm
P: UE transmit power

F=dACIR:dPWR from the legend of the following Figures.
For example dACIR:dPWR=1:1 means a 1dB improvement of ACLR per 1dB power reduction below the UE max power of 24dBm.

CAP is a limit on the ACLR improvement and we show results for CAP=infinity and CAP=7dB.

As shown in Figure 5 for dACIR:dPWR=0.5:1 the tolerated 5% UTRA capacity degradation at a baseline ACLR of 33dB is just about met and the cap of 7dB on the ACLR improvement has only a small impact. Higher dACIR:dPWR ratios do not improve the situation significantly if the cap of 7dB is imposed. With this case about the same result is achieved as with a constant ACLR improvement of 7dB compared to the 'ACIR fixed' curve.
[image: image5.wmf]15

20

25

30

35

40

45

50

55

60

0

2

4

6

8

10

12

14

16

18

20

ACIR [dB]

capacity degradation [%]

 

 

LTEUMTS_ul_theo_batch_plot_acirvspwr\ [23-Jun-2009 10:03:15]

ACIR fixed

dACIR:dPWR = 0.5:1

dACIR:dPWR = 0.5:1

dACIRmax=7dB      

dACIR:dPWR = 1:1

dACIR:dPWR = 1:1

dACIRmax=7dB    

dACIR:dPWR = 2:1


Figure 5: UTRA capacity degradation versus ACIR 
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Figure 6: Interference from E-UTRA relative to thermal noise
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Figure 7: CDF of capacity degradation per cell
2.1.3 3D antennas

We use 3D antenna models of a Kathrein antenna (model 742212) and a generic one from ITU-R recommondation F.1336, parametrised to have same tilt and vertical 3dB angle as the Kathrein antenna. Both antennas then also have about the same vertical mean antenna gain in over 0<elevation<90deg. The vertical antenna patterns are plotted in Figure 8 (the F.1336 antenna only in the critical range).


[image: image8]
Figure 8: Vertical antenna pattern
The result for the Kathrein antenna is shown in Figure 9. With this antenna model the coexistence problem disappears.

[image: image9]
Figure 9: UTRA capacity degradation versus ACIR 

The result with the F.1336 antenna in Figure 10 is slightly worse but still acceptable UTRA capacity degradation is achieved.
[image: image10.emf]20 25 30 35 40 45 50 55 60

0

2

4

6

8

10

12

14

16

18

20

ACIR [dB]

capacity degradation [%]

 

 

aggressing UMTS (TR 25.942)

aggressing LTE


Figure 10: UTRA capacity degradation versus ACIR 

2.1.4 Traffic activity pattern

RAN4 simulations assume full load in E-UTRA. It may be argued that simultaneous full load in all cells is unrealistic. For the worst case network offset a UTRA site is located equidistant to 3 closest E-UTRA sites. E-UTRA interference to the UTRA site is dominated by the 3 closest E-UTRA sites. The load in other sites therefore has little impact. Of the 3 closest E-UTRA sites, we should consider the case that at any given point in time at least one of them has full load. This will happen frequently at least over short time periods even when only a single user is present, that is engaged in e.g. a file download session. Typically the duration of full load periods of a E-UTRA cell is sufficiently long to be noticeable by a UTRA victim in the case of strong interference. 

Based on this discussion, we believe that the assumption of full load in at least in one of the 3 E-UTRA cell that are closest to a UTRA cell is reasonable for coexistence simulations. Considering the best case that all other E-UTRA cells have zero traffic, then the total interference to the UTRA cell is reduced by at most about a factor 3 (5dB) compared to current RAN4 assumptions where all E-UTRA cells have full load. 

Nevertheless, we provide results here for 50% load, i.e. 50% of the UEs that are generated and get resources allocated according to TR 36.942 assumptions are muted. These 50% UEs are selected randomly among all UEs in a simulation, i.e. some LTE cells may have all UEs mutes and some LTE cells may have no muted UEs.
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Figure 11: UTRA capacity degradation versus ACIR 
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Figure 12: Interference from E-UTRA relative to thermal noise

As expected, the load has mainly an impact on the lower tail of the interference cdf. With 50% load the probability that at least 1 of the 3 closest LTE cells has a UE allocated on the critical band edge resources is still 1-(1-0.5)^3=87.5%. The difference in the ACIR curves corresponds quite well to lin2dB(87.5%)=-0.6dB.
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Figure 13: CDF of capacity degradation per cell
3 Conclusions
The impact of LTE UL PC on UMTS was addressed in the previous paper in RAN4#51. The results were very much based on worst case and simplistic scenarios. In this paper co-existence simulation results based on more realistic assumptions are presented. Based on the models used e.g. Power dependent ACLR and antenna models, the impact and degradation on UTRA is quite reduced. 

Considering the results, if the validity of the used models are confirmed (considered realistic) we perceive the impact on UTRA to be significantly lower compared to results presented earlier, therefore we encourage RAN4 discussions on the validity of the assumptios and possible way forward.
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