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1. Introduction
3D-channel modelling has been discussed extensively during the last year. However, one of the outstanding issues involves how to perform wrapping. In [2]  it was shown that different interpretations on how to implement wrapping gave, when used with the new 3D-channel model, quite different statistics in terms of geometry. The main conclusion was that using so-called geometrical distance based wrapping will underestimate the interference level present in the network, thereby  motivating the use of radio distance based wrapping for more accurate results. 
The discussions on wrapping triggered an email discussion in [75-13] which led to the following conclusion
Proposal

1. Geographical distance based wrapping is baseline for calibration and baseline performance evaluations of urban macro and micro scenarios

2. Companies are strongly encouraged to bring calibration and baseline performance results also for radio distance based wrapping

3. Calibration excel sheet will clearly distinguish between the two wrapping methods

4. The choice of wrapping method and wrapping area size will be revisited in next meeting

The wrapping issue will hence be revisited in this meeting. This contribution therefore further discusses the topic of wrapping. 
2. The Basic Principle of Wrapping
To perform wrapping when performing system level simulations is an established way for lowering the simulation complexity. However, although the general principles of this technique are well-known the details regarding how to apply wrapping are largely unspecified. This leads to many different interpretations and implementations on how the wrapping actually is supposed to be performed. 

Observation
· Wrapping is well-known on a principal level but details are so far largely up to interpretation

The basic principle of wrapping is illustrated in Figure 1. The black dots illustrate the positions of the 19 sites, and hence the 57 sectors, that are explicitly simulated in a system level simulation. With wrapping, the position of each of these 19 sites is shifted in six different directions in order to produce six other site positions as illustrated by the encircled red dots marked with a1 to g1. This produces in total seven position-shifted copies of the black colored sites. Thus, the black colored sites are reused at seven different positions. 

The desired objective of using wrapping is to create a simulation which is essentially equivalent to simulating the network as if all the sites, both black and red, were present but only measuring the performance for the black colored sites.  Actually, the network is supposed to be of infinite size, but the assumption is that the wrapping area is sufficiently large so that sites beyond the outermost red colored sites do not contribute significantly to the received signals in the black colored sites. 

Observation
· The objective of wrapping is to mimic a network of infinite size while only measuring the performance over an inner area corresponding to the first copy of all the sites.

· An infinite size network is approximated by an area with sites corresponding in this case to the black and red coloured sites
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Figure 1: Wrapping attempts to mimic an infinitely sized network where performance is measured on the black sites by re-using each black site at seven different wrapping positions.
3. Geographical Distance based Wrapping

In Figure 2 so-called geographical distance based wrapping is illustrated. Such wrapping is purely based on the Euclidian distance between the locations of the sectors and the UE. The positions of the 57 sectors closest to the UE have been chosen to represent all existing sectors. Hence, when creating all the links to the given UE these 57 sectors will be used. For instance, when analyzing the link between the UE and the site marked ‘a1’ it will be its shifted version ‘b1’ that will actually be used. Hence, the links will be generated between the UE and the sectors within site b1. 
A problem with this approach is also illustrated in the figure; consider the case that we simulate the layout in Figure 2 under the assumption that one of the sectors is directed in the north-east direction as illustrated by the arrows in the figure. Assuming a directional antenna this may result in a high coupling gain between the UE and sector a1 whereas we get a low coupling gain between the UE and sector b1. Still, since the wrapping was based purely on Euclidian distance, instead of the radio propagation environment, the sector a1 will discarded and instead sector b1 will be used. 

Observation
· Geographical distance based wrapping chooses the 57 sectors closest to the UE in a Euclidean distance sense.

· Geographical distance based wrapping ignores pointing directions of antenna diagrams and hence may choose the wrong wrapping copy of a sector with low, instead of high, coupling gain to the UE
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Figure 2: Sectors within grey hexagon are chosen for UE (blue cross) when geographical (Euclidean) distance based wrapping is used.

4. Radio Distance based Wrapping

It is well-known that in wireless communication Euclidean distance is not a good predictor of signal strength. It therefore makes sense to instead measure distance in a radio sense. Figure 3 shows one tier radio distance based wrapping. When analyzing the link between the UE and sector a1 the following steps are performed 
1) We first identify the, in Euclidian distance sense, closest shifted wrapping version of a1 to the UE. This will in the figure correspond to b1. This shifted version of a1 will then constitute the ‘wrapping candidates center’. Note that the wrapping candidates center corresponds to the site that would have been chosen in geographical distance based wrapping.
2) In the next step we proceed by identifying the 6 shifted wrapping versions surrounding the wrapping candidates center, these are named a1, c2, …, g1 in the figure. These 6 wrapping versions are added to the set of wrapping candidates. Hence, together with the wrapping candidate center, this will define a set of 7 wrapping candidates 
3) We finally analyze the RSRP to the UE from all these wrapping candidates, i.e., a1, b1, c1, …, g1. The link with the highest RSRP is then kept and the other links are discarded. 
Such a methodology hence ensures that strong links are kept rather than weak links. This will lead to a better approximation of the desired objective, which we stress is to simulate the network as if all the sites, both black and red, were present. 
[image: image3.png]y[m]

2500

2000

1500

1000

500

...
* * * »
LR IR R Y
L I I
L AR ECRLEE A
LR R R R R R TR R BN IR R
@ % & s & 5 & 5 s 8
d1
LR I B A RO R
L A I I
LR B AR O I IR IR
L R R R IR AR IR BEE REE BRI R
@ ¢ & & & KXo o s s 0
cl
. e e C)lc -
R &

®,

500 L L L
-1500  -1000  -500 0 500 1000

x[m]

1500




Figure 3: One tier radio distance based wrapping means each sector-to-UE link is obtained by selecting among seven wrapping candidate sectors the candidate sector that has the highest RSRP.

Another example of one tier radio distance based wrapping, for a different UE position, is shown in Figure 4. As can be seen this UE position will create a different wrapping candidates center which in turn will create a different set of wrapping candidates. 
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Figure 4: Example of one tier radio distance based wrapping.

Furthermore, in the example illustrated in Figure 5 we also illustrate two tier radio based wrapping. As can be seen we have here created 18 wrapping candidates surrounding the wrapping candidates center, which in total produces 19 wrapping candidates. It should be emphasized that the higher number of tiers, the better approximation we will get of an infinite sized network. However, as often is the case there will be a tradeoff between accuracy and complexity and therefore it is needed to limit the number of tiers analyzed in the radio distance based wrapping. 
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Figure 5: Example of two tier radio distance based wrapping.

Finally, we point out that ‘zero tier radio distance wrapping’ is equivalent to geometric based wrapping. 
Observation

· Geographical distance based wrapping suffers from that strong links may be neglected whereas weaker links may be kept – quite the opposite of what is desirable
· Radio distance based wrapping combats the disadvantageous with geographical distance based wrapping

Proposal

· Use radio distance based wrapping
5. The issue with Wrapping in CoMP Simulations
When performing CoMP simulations the wrapping methodology requires special care. Consider for instance the example illustrated in Figure 6 and consider the geometrical wrapping methodology for simplicity: In the example it is assumed that three sectors at three different sites forms a CoMP cluster. This CoMP cluster is illustrated with the triangular shape in the figure. Furthermore, it is assumed that one of these sectors is the serving sector for the UE marked with a blue cross. When applying wrapping in this situation we may end up with the situation illustrated in the figure; different sectors within the CoMP cluster are represented using different wrapping shifts. In the figure two sectors have remained unshifted but one sector has been shifted to another location. This implies that the statistics of the intra CoMP cluster interference no longer is represented in an appropriate fashion. For instance we can expect that the intra CoMP cluster SINR will be different if we compared to a version where all sectors have used the same wrapping shifts. 

This situation would typically occur for large CoMP clusters, inter site CoMP clusters or heterogeneous deployments where one/many macros form a CoMP cluster with a set of pico nodes. Furthermore, for radio distance based wrapping we can also expect this effect also for intra site CoMP clusters. 

A remedy to the above mentioned problems would be to ensure that all sectors within a CoMP cluster experiences the same wrapping shift when creating links to a certain UE. However, for very large CoMP clusters, like for instance full network coordination, it may be motivated to not use this constraint.  
Observation

· Wrapping and CoMP simulations need to be treated with care regardless of geographical or radio distance based wrapping

· A possible remedy is to wrap whole CoMP clusters instead of sectors
[image: image6.png]ylm]

1500

. ..
1000 e e ..
D N
L I Y
500 R EEREEEEREEEE
L I A
L Y I
0 LA S L O
D N OO I
* e e e e P
-500 L R I I
L L
R
-1000 ...
. ..
-1500
-1500  -1000 -500 0 500 1000

x[m]

1500




Figure 6: Geographical distance based wrapping in the case of CoMP.

6. RSRP for wrapping candidate selection
It has in 3GPP been agreed how to perform the RSRP derivation when performing UE to node association; all rays are used to form the RSRP expression, thus properly taking angular spread into account [1] . The RSRP is also used when performing radio based wrapping in order to select which one of the wrapping candidates that has the highest RSRP. Hence, there is a need to also specify how the RSRP should be derived not only for the UE to node association but also for the purpose of wrapping candidate selection. Using the same RSRP derivation for wrapping link selection, as in the UE to node association, would clearly offer the highest accuracy and is the preferred option. Complexity should not be a significant problem considering that the wrapping candidate computation is only performed once per UE and will hence be negligible compared with the hundreds of rays that are evaluated in every subframe.

Observation

· Wrapping candidate selection using agreed RSRP formula does not contribute significantly to computational complexity of simulation
· Wrapping only performed once per UE while fast fading needs to be recalculated every subframe
Proposal

· Use agreed RSRP formula involving all rays also for wrapping candidate selection

Even though complexity of using full RSRP is not an issue, lower complexity approximations may also be considered for selecting among wrapping candidate links and only use the accurate albeit more complex RSRP expression after wrapping to determine the UE to point association.

Proposal

· Radio distance based wrapping may use an approximate and less complex expression for RSRP different from the accurate RSRP expression based on all rays that is used after wrapping

· Approximate expression for RSRP may be based on a single LOS ray but should take antenna virtualization and angular spread into account
7. Results

In the currently ongoing calibration campaign a set of simulation assumptions have been specified on the e-mail reflector in the e-mail thread [75-29]. For the second calibration phase there have been two different antenna configurations specified, namely ‘configuration 1’ and ‘configuration 2’. We will here present some simulation results given these simulation assumptions and using different wrapping methodologies. 

7.1. Results for Configuration 1

For the first antenna configuration the eNodeB antenna is a four subelement antenna created by using N = 2 columns, M = 2 rows with co-polarized subelements. Furthermore, we have K = 1, meaning that there will exist 4 eNodeB antenna ports, hence one antenna port for each subelement. In Figure 7 to Figure 10 we present CDFs of the geometry, coupling loss to the serving sector, coupling loss to second strongest sector (i.e. strongest interferer) and finally distance to serving sector for this configuration. In order to make the plots readable we have only included the 3D-UMi case and we simulate this for geographical wrapping, one tier radio based wrapping as well as two tier radio based wrapping. As can be seen the results are quite different when comparing the geographical and one tier radio based wrapping. However, there is not so much additional difference when going from one tier radio based wrapping to two tier radio based wrapping. Hence, for this particular setup, it appears as if one tier radio based wrapping is a sufficiently good choice in order to not underestimate the interference. Geometrical wrapping does on the other hand seem to be a too rough approximation since it to a rather large extent underestimates the present interference level. 

Observation

· Simulation results for the 3D-UMi configuration 1 setup show that there is a substantial difference in geometry between geometric and radio distance based wrapping

· 1-tier radio distance based wrapping is around 1.5 dB more accurate in geometry despite that the geometry measure is usually good at hiding discrepancies
· 1-tier radio distance based wrapping has sufficient accuracy; 
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Figure 7: CDF of geometry showing that there is a substantial difference in geometry between the two wrapping methods. 
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Figure 8: CDF of coupling gain to serving sector.
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Figure 9: CDF of coupling gain to second strongest sector.
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Figure 10: CDF of distance to serving sector.

We have not included the results for the 3D-UMa channel model but they are partly available in our companion paper on calibration [4] . 

7.2. Results for Configuration 2

If we instead simulate with the second specified antenna configuration we also get a difference between the different wrapping methodologies although this difference is much smaller compared to the configuration 1 results, see [4] for these results. In the configuration 2 setup the eNodeB antenna consists of 40 subelements created by using M = 10 rows, N = 2 column and cross-polarized subelements. Furthermore, K = 10, meaning that there will be 4 eNodeB antenna ports, where one port corresponds to one of the subelement columns from one polarization. In addition, a down tilt of 12 degrees is also applied at the eNodeB side. With such a down tilt it is not surprising to see the smaller difference between results when comparing different wrapping methodologies. It should however be kept in mind that future studies involving the 3D-channel are very likely to include even up tilt making it important to use a wrapping technique that can handle all sort of different pointing direction and beam shapes. 
Observation

· The configuration 2 setup assumes 12 degree down-tilt which as expected leads to smaller difference between the two wrapping alternatives
· Future uses of 3D-channel likely include arbitrary pointing directions, including small down tilt or even up tilt
· Wrapping methodology cannot only support large down-tilt values
· Choice of wrapping methodology need to consider the cases of small tilt values as well 
With the above in mind, we have also simulated the same Configuration 2 setup but with an antenna tilt of 3 degrees instead of 12 degrees. This simulation is presented in Figure 11 – Figure 14 and as seen from these results we get a quite substantial difference when going from geometrical to 1-tier radio distance based wrapping. For instance we note a difference of roughly 2.5 dB for the geometry if we study the CDF at 70%. The additional difference when going from 1-tier radio based wrapping to 2-tier radio based wrapping is however rather small.  
Observation

· Simulation results for the 3D-UMi calibration Configuration 2 setup, with antenna tilt 3 degrees, show that there is a substantial difference in geometry between geometric and radio distance based wrapping

· 1-tier radio distance based wrapping is more than 2.5 dB more accurate in geometry measure.
· 1-tier radio distance based wrapping has sufficient accuracy 

· A difference was observed also when using a 12 degrees tilt although this difference was smaller. 
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Figure 11: CDF of geometry showing that there is a substantial difference in geometry between the two wrapping methods. 
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Figure 12: CDF of coupling gain to serving sector.
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Figure 13: CDF of coupling gain to second strongest sector.
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Figure 14: CDF of distance to serving sector.

7.3. Investigating the Effect of RSRP Measure to use for Wrapping Candidate Selection
In Figure 15 and Figure 16 we have investigated the effects of using different RSRP measures when performing wrapping candidate selection for configuration 1 and configuration 2. Hence, we use the agreed RSRP measure for UE node association but we evaluate two different RSRP measures for candidate wrapping selection, namely the same RSRP measure as in the UE node association (denoted RSRP) and a LOS ray based RSRP measure which takes the antenna array into account (denoted LOS based RSRP). It should be pointed out that the ‘LOS based RSRP’ was used for the first calibration phase. Furthermore, all simulations used one tier radio based wrapping. 
From the results we note that there does not appear to be much difference when using different RSRP measures for wrapping candidate selection in the Configuration 1 case. This result appears logical since for this simulation setup we are applying the RSRP formula together with the antenna pattern from one single subelement. Since this subelement has a fairly large beamwidth, both in azimuth and elevation, we can expect the LOS based RSRP derivation to constitute a good approximation of the more complication RSRP derivation. On the other hand, when instead simulating with Configuration 2 setup, where we again use a 3 degrees tilt instead of the 12 degrees tilt, the used antenna array will create a much narrower antenna pattern, in the elevation domain, and we can expect that the LOS based RSRP derivation is a less accurate approximation of the more complicated RSRP derivation. This is also visible in the results where we notice a difference between the geometry curves of roughly 1 dB. Still, this is a significantly smaller inaccuracy than the 2.5 dB inaccuracy of geographical based distance wrapping seen in the corresponding Configuration 2 results.
Observation
· Not using the agreed RSRP formula involving all rays, for the wrapping candidate selection may result in an inaccurate wrapping candidate selection. 

· An inaccurate wrapping candidate selection will result in an underestimated interference level in the network. 
· The inaccuracy is however substantially smaller than the inaccuracy of geographical distance based wrapping
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Figure 15: CDF of geometry for configuration 1. 
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Figure 16: CDF of geometry for configuration 2 with 3 degrees tilt.
8. Conclusions

This contribution discussed and analyzed the issue of wrapping and the choice of either geographic or radio distance based wrapping. From this we observe
· Geographical distance based wrapping suffers from that strong links may be neglected whereas weaker links may be kept – quite the opposite of what is desirable
· Radio distance based wrapping combats the disadvantageous with geographical distance based wrapping

· Wrapping candidate selection using agreed RSRP formula does not contribute significantly to computational complexity of simulation

· Wrapping only performed once per UE while fast fading needs to be recalculated every subframe

· Simulation results for UMi show that there is a substantial difference in geometry between geometric and radio distance based wrapping
and propose
· Use radio distance based wrapping
· Use agreed RSRP formula involving all rays also for wrapping candidate selection

· Radio distance based wrapping may use an approximate and less complex expression for RSRP different from the accurate RSRP expression based on all rays that is used after wrapping

9. References

[1]  3GPP TR 36.873 V1.1.1, “Study on 3D Channel Model for LTE”.

[2]  R1-135767, “Initial calibration results for 3D channel model”

[3]  R1-135766, “On RSRP Determination for UE to Node Association”.

[4]  R1-140766, “Calibration Results”, Ericsson. 
