3GPP TSG-RAN WG4 Meeting #82

R4-1703887
Spokane, USA, 3-7 April, 2017
Source: 
Huawei

Title: 
NR Range 2 – OTA Blocking simulation scenarios
Agenda Item:
10.4.3.3
Document for:
Discussion
1 Introduction
A WF [1] was agreed last meeting on this issue which discussed blocking requirements for NR range 2. In particular what system scenarios should be used.
· If possible reuse the existing simulation assumptions of WP5D coexistence study captured in the TR 38.803 with slight modification for  preliminary study;  
This paper discussed the system scenarios for blocking.
2 Discussion

Clearly it makes sense that the simulation scenarios used for co-existence for blocking should be the same as those for ACIR (ACLR/ACS). However there are some differences between the simulations for ACIR and blocking. The most obvious is that the metric extracted from the blocking simulation is an absolute value and the metric for ACIR is a relative value.
The work done for WP5D had an issue where the antenna gain was overestimated by approx 4.6dB, whilst is may be argued that this effected both wanted and unwanted signals equally and hence the ACIR result is not greatly affected (this is not proven however), the same is not true if applied to the blocking simulation as it may directly affect the absolute level.

There is also the issue of coordinated or uncoordinated operator layout, and which is worse case for blocking.

2.1 Antenna gain

The antenna definition in [2], the BS antenna model (at 30GHz) was

Dense urban and Urban macro:

Baseline: Only one panel is assumed, (NV,NH) = (8,16). 

(dV,dH) = (0.5, 0.5)λ.

An additional 3dB gain is added to the total beam forming gain to account for the two polarization directions.

The elements were defined as:

[image: image1.emf]
Using the method described to calculate array gain, the achieved gain is 

Gant1=10*log10(8*16) + 8 = 29.07dBi

However directivity is not calculated in this way, it is given by:

The correct way to calculate directivity is:
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Using this on the simulated beam pattern for the array gives

[image: image3.emf]-150 -100 -50 0 50 100 150

-20

-15

-10

-5

0

5

10

15

azimuth plot

theta (deg)

directivity (dB)

 

 

Composite

element pattern

Array factor

 [image: image4.emf]0 20 40 60 80 100 120 140 160

-30

-25

-20

-15

-10

-5

0

5

10

15

20

Elevation plot

phi (deg)

directivity (dB)

 

 

Composite

element pattern

Array factor


Figure 1. Azimuth and elevation plots for WP5D coexistence simulation BS antenna – 30GHz

Integrating the antenna pattern gives:  Dpattern = 26.3dBi, as this is directivity not gain the element efficiency/loss of 1.8dB is taken from this to give Gant2 = 24.5dBi.
Antenna gain is sometimes difficult to picture, the source of the error in this case is the definition of the element and the element spacing. The element is the same as that used in AAS, however in AAS the element spacing in elevation was 0.9λ and the element was assumed to be 0.9λ square, this gave a 65° beam width. 

For NR the element spacing is assumed to be 0.5λ, hence the maximum size of the element can be only 0.5λ square, as antenna gain is dependent on aperture a smaller antenna has less gain so such an element will not have 8dBi gain or a 65° beam width.

There are 2 possible means to correct this error:

1. The correct gain for the specified antenna geometry could be used

2. The antenna geometry could be adjusted so the expected gain is achieved

a. More elements

b. Greater separation between elements

As the blocking interferer level is statistically based on absolute power and also probability changing the gain or changing the beam width both have the potential to change the 99.99% interferer level.

2.2 Polarisation

For the ACIR simulation 3dB was added to account for having 2 polarisations. Such gain is only realized in the BB when the 2 polarisations are added together, the signals in the RF receivers are not subject to this additional gain. The addition of the 2 polarisations is also optimized for the wanted signal not the unwanted signal. So it may be applied to the wanted signal but not the interferer. For the blocking simulations only 1 polarisation should be considered at a time.
For the victim network the wanted signal is not considered only the interferer, so the additional 3dB for polarization should not be added.

2.3 Network offsets

There are 2 network layouts to be considered, so called coordinated and uncoordinated:
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Figure 2: Multi operator cell layout – uncoordinated deployment
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Figure 3: Multi operator cell layout – coordinated deployment (co-located sites)
In the past with blocking only the uncoordinated case has been considered as it is worse case. However it is possible UE beam forming changes that.

Consider the highest blocking aggressor UE is close to the victim BS
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Figure 4: Interference un-coordinated cells
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Figure 4: Interference coordinated cells

In both cases the relationship between the victim BS and the UE is the same (same path loss, same victim antenna gain etc). The difference is that when the networks are uncoordinated the aggressor BS is further away from the aggressor UE, hence the path loss will be high and the UE power control will be at maximum. When the BS’s are co-located then the aggressor link has a much lower path loss so the UE power control will mean the UE output power is lower. As in the past omni directional gain has been assumed for the UE then the uncoordinated case is clearly worse in terms of interferer level at the victim.

For NR range 2 however the added complication of UE beam forming has been added. 

· When the BS are co-located the UE will be pointing a beam at both its own BS and also the victim BS. The interferer is hence subject to high UE antenna gain.

· When the BS are uncoordinated the UE will again point its beam at its own BS and hence away from the victim BS. The interferer is not subject to high UE gain.

So we have the situation

Coordinated: UE power control is low – making interferer power lower, UE beam forming gain is high making interferer power higher

Un-coordinated: UE power control is high – making interferer power higher, UE beam forming gain is low making interferer power higher.

It is not clear immediately which of these is worse case.

The UE beam forming is defined as 4 elements with 5dBi gain giving approx 11dBi gain (using the method used in WPRD simulations).

The side lobe attenuation level given is 25dB. 

The approximate difference between the beam being pointed directly at the BS or away from it is hence approx 36dB.  

Note, the architecture used for the UE is 2 patches each facing in opposite directions, hence if the UE is facing away from the BS the array on that side of the UR is most likely off, so the figure could be greater.

The UR power control is specified in [3] as:
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where Pmax = 24dBm, Rmin = -54dB if UE minimum power is -30dBm (or Rmin = -64dB if UE minimum power is -40dBm)
–
CL-xile = 88 + 10*log10(200/X)

–
X: UL transmission BW

–
Gamma = 1
So maximum power control is 54dB. 
However the difference in path loss between the UE and BS for the coordinated case and the coordinated case (ISD=300m) is only 17dB. The average difference in UE power between the 2 locations should therefore be no larger than this 17dB (the rest of the range may compensate for fading but this applies to both locations).

Using a very simple analysis it would seem that the antenna gain difference (36dB) is larger than the power control difference (17dB) so it is likely that the coordinated case is worse case, this is different assumption to that made for systems without UE beam forming.
However this is based on the average difference in path loss between the aggressor UE and its own BS, path loss depends on many more parameters than FSPL but it is assumed they will be equal for both the wanted path and the interference path. In additions the situation may change if any assumption or the deployment changes.

If rear lobe attenuation of UE is with respect o the beam rather tan the element then difference reduces from 36 to 25dB.

If ISD is 500m path loss delta (FSPL) is 21.5dB.

If indoor scenario is considered min distance is 0m and max 20m this could be up to 88dB delta. This would be limited by the 54dB power control range.

Indicating uncoordinated grid is worse than coordinated)

For existing WP5D assumptions (urban/dense urban) if only one scenario is investigated coordinated seems to be worse case, but this may change for different scenarios so should not always be considered worse case.
For example indoor deployment is likely to be worse case un-coordinated.

3 Summary

This paper has considered the simulation scenarios used for the WP5D co-existence study and considered their applicability for use as blocking interference scenarios.
Two issues have been highlighted:

· Errors in antenna gain calculations which could affect the absolute interfere level estimation

· To get a correct absolute interferer level the antenna gain error needs to be correct, however using different assumptions for blocking and co-existence is not correct so it is reasonable also to check the error does not affect the coexistence results.

· Coordinated and uncoordinated layout.
· The difference in UE beam forming gain and UE power control need to be considered to identify if coordinated or uncoordinated deployment represent worse case.

· For existing urban/dense urban coordinated is likely to be worse case

· For indoor un-coordinated is likely to be worse case.

Both issues have to be resolved before blocking simulation is carried out.

4 References
[1] R4-1702352
WF on NR BS receiver  requirement
ZTE
[2] R4-166731
WF on BS beam forming model for the ITU WP5D coexistence simulations

Huawei
[3] R4-168953 WF on simulation assumptions of co-existence study for WP5D

NTT Docomo

_1551002850.unknown

_1396782299.unknown

