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1 Introduction
Significant efforts have been made in Rel-12 on coexistence study and good results have been documented in TR37.842[1]. Rel-12 was targeted on a framework of AAS requirements so that balanced efforts were planned on coexistence study, conducted requirements, as well as on radiated requirements. Coexistence studies beyond what is necessary for Rel-12 were not planned and prioritized. 

In this paper we elaborate a few issues potentially for Rel-13 on AAS deployment and coexistence that were not touched due to other competing priorities in the AAS WI. It can be foreseen that the evaluation of 3D-MIMO/Massive-MIMO features will start soon in RAN1,and further study on those issues will be desirable to clearly understand the impacts of 3D-MIMO/Massive-MIMO features on coexistence performance..
2 Summary of the issues
Those fundamental issues are
1. The MCL for large antenna array.
2. The coexistence between equivalent systems.

3. Redistribution ACS interference due to 3D beam forming.
The first issue was a leftover when the BS classification was discussed. A workaround is to add a note in TR 37.842 [1] so that the 70dB MCL value can be reused. The note in TR37.842 was cited below:
NOTE:
In selecting these minimum coupling losses, it has been assumed that the antenna aperture for AAS BS is roughly similar to that for non-AAS BS so that the methodologies for setting minimum BS to UE distance separation in TR36.942 and TR25.942 can be reused.

The second issue concerns the equivalence of the coexistence systems. In the past simulation, it was assumed that AAS BS would coexistence with all different systems, including legacy single antenna system, AAS BS, and etc. However, some of the coexistence scenarios may not exist in reality, so that the implication of coexistence requirement shall be further evaluated.
The third issue was the redistribution of ACS interference due to 3D beam forming. This issue was raised when a simulation result on 3D-MIMO was presented [2] and a chairman note was added as memorandum [3]. The impact of re-distributed UE ACS interference on coexistence performance shall be fully evaluated.

These three issues will be elaborated in the following section.
3 Details of the issues

3.1 The MCL for antenna array without limitations on antenna aperture

Figure 1 is the comparison of the cumulative distribution function of the coupling loss for 

· The legacy BS installed with one column of antenna with fixed beam pattern, colour coded in “red”.
· The AAS BS capable of both vertical and horizontal beam steering, with the number of antenna array columns ranging from 1 to 32, colour coded in “black”.

[image: image1.emf]40 50 60 70 80 90 100 110 120 130 140

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

MCL in dB (dB)

CDF

Comparison of coupling loss cumulative distribution for Macro cell

 

 

Non-AAS

Horizontal and vertical (column: 1 to 32)

70dB min


Figure 1: CDF of coupling loss in dB

The simulation parameters used are the same as specified in Section 5.3 in TR37.842. The minimum distance between UE and BS in current simulation assumption was set to 35m so there are still occasions where UE to BS coupling loss is beyond 70dB, but the probability is low. MCL is a statistical parameter as indicated in [4] so that 70dB is still a valid parameter for legacy BS.

MCL of 70dB may need further consideration for AAS BS with 3D beam steering capabilities, especially for the number of antenna columns more than 4 (where the antenna aperture might be large). There are a significant number of occasions that the coupling loss exceeds 70dB, which renders MCL 70dB as a questionable criterion. Setting MCL as 70dB in this case would imply the AAS BS might be installed at higher location, which is not an acceptable solution in the field. 
Better understanding of MCL, and the implications on requirements would be needed based on more studies.
3.2 The coexistence between two equivalent systems

With the increase of antenna array size, the signal strength received by UE increases proportionally according to the number of columns. This phenomenon is shown in Figure 2 (Left) using the simulation assumption specified in Section 5.3 in TR37.842.
If the UE received signal strength is different, the impacts on capacity loss are not the same. The system with lower received signal strength would suffer more. Using two legacy systems as example, Figure 3 shows the impacts of power difference on capacity loss between two coexisted legacy systems. The BS transmits smaller power would suffer more. Therefore, for the same BS class (not between Micro and Macro, as they are intended for different coverage), it seems not a fair comparison between two systems if they don’t offer the equivalent capacity and coverage.

This raised the question about how to decide the equivalent coexistence system for AAS BS, especially for AAS BS with large antenna array. When the UE received signal power is 10dB (more) higher than the legacy BS, the coverage and capacity could be significantly different, so the scenario that one operator deploys a legacy BS where the other operator deploys a high power high capacity AAS BS may not exist, especially in newly developed bands. 

The equivalent AAS BS for a legacy BS could be the case that the UE received signal strength is maintained at the similar level, as shown in Figure 2 (Right) where the AAS BS transmitted power is proportionally scaled down according to the number of antenna columns. It can also be found in Figure 2 (Right) that 3D beam forming would still result in increase of UE received signal strength, and therefore the impacts on coexistence performance might be different.

In summary, the rational of the coexistence scenarios, as well as the requirement implied by the coexistence performance may need further study.
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Figure 2: CDF of UE received wanted signal power
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Figure 3: Impacts of power difference between two coexistence systems on capacity loss
3.3 Redistribution ACS interference

As shown in Figure 2 (both Right figure and Right Figure), the UE received signal strength in case of 3D beam forming is larger than horizontal beam-forming only. This would results in different ACS interference distribution in case coexistence with other system. 
If the total conducted power is maintained at the same power level, the UE received signal power will increase proportionally with the increase of antenna column. The ACS interference will also increase significantly if the two beams for the coexisted systems collide. However, the possibility of colliding beams would be reduced as the beam resolution is increased when the antenna array size is large. This phenomenon is shown in Figure 4 (both the Right figure and Left figure).
As shown in Figure 3, the capacity loss is essentially determined by the ACS interference. With the redistribution of ACS interference, it’s not clear how the coexistence performance would be impacted when AAS BS is deployed.
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Figure 4: Redistribution of ACS interference
4 Conclusions
In the paper, three issues potentially for Rel-13 on deployment and coexistences are elaborated:
1. The MCL for antenna array without limitations on antenna aperture.

2. The coexistence between equivalent systems.

3. Redistribution ACS interference due to 3D beam forming.

The figures presented in this paper were generated based on 3D-beamforming. In case where the spatial multiplexing, or diversity transmission modes are considered, the curves could be different, but it still can be expected that the similar observation can be made. 
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