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1	Introduction 
The approval of a study item (SI) [1] on channel model for frequency spectrum above 6 GHz in RAN plenary meeting #69 initiated numerous email discussions [2] among many companies and organizations. One of the discussion topics is the deployment scenarios applicable to the channel model for frequency bands up to 100 GHz. 
[bookmark: _GoBack]Beyond email circulations, an extensive discussion on the deployment scenarios was conducted in RAN1 meeting #84. This resulted in an agreement [3]: Indoor office, UMi street canyon and UMa scenarios are the first priority scenarios; indoor shopping mall and UMi open square scenarios are the second priority scenarios. 
The detailed parameters (e.g., cell layout, base station antenna height, UE location, etc.) of the above scenarios were proposed in [4], which is to be further discussed.
This contribution focuses on the cell layout parameter of the UMi street canyon scenario (one of the first priority scenarios). Overall, we propose to consider diamond shaped cell layout when parameterizing the UMi street canyon scenario for frequency spectrum above 6 GHz. 

2	Overview and Motivation
Cellular systems require many Base Stations (BS’s) to be placed throughout a geographical area to assure adequate radio coverage of that area. Realistically, each BS provides an irregularly shaped radio coverage. However, in order to perform mathematically convenient system analysis, a common regularly shaped cell is preferred. Among the list of regular shapes, tessellating cell shapes are more convenient since they can be laid next to each other with no overlap. Examples of tessellating polygons include square, triangle, diamond, and hexagon. Hexagon is chosen for cellular analysis due to its proper approximation of a circular shape. 
However, the hexagon deployment layout may not be accurate in certain scenarios. Consider the UMi street canyon scenario where BS antennas are placed near road intersections and below rooftops, e.g., mounted on street furniture or lampposts. It is shown in [5] that diamond shape cells will better approximate typical radio coverage and would be the more appropriate layout for system analysis.
Although the measurements and analyses in [5] were done for below 6 GHz, the same conclusions are expected for the above 6 GHz frequency band. Actually, the higher penetration loss and diffraction loss at higher frequency band would make the diamond layout even more appropriate. 
As an example, Figure 1 shows the “Madrid grid”, which is an environmental model specified in [6], [7] used to model a dense urban area. For this scenario a typical above 6 GHz deployment would place BS’s at the intersections with the intent of providing coverage along the four cardinal directions, as penetration through building as well as diffraction around buildings will be very limited.
Here, we should note that even though with high building penetration loss, the diamond shaped cell layout does not imply that it applies only to the outdoor to outdoor case. Actually, with appropriate building penetration loss, the diamond shaped cell layout can used for the outdoor to indoor case as well.
Observation 1: In the UMi street canyon scenario with BS antennas below rooftop, the diamond shaped cells are a better approximate deployment.
· This is even more appropariate for above 6 GHz frequency band.
· This fits well if the intention is to provide coverage along the four cardinal directions in grid-like urban areas.
For an above 6 GHz system to be feasible, it is generally required to have beamforming gains. This provides additional motivation for using diamond shaped cells. Consider an above 6 GHz BS equipped with multiple phased array antennas in order to form steerable beamformed links, where each antenna element in the array is likely of a printed patch element. The beamforming gain of the BS will then drop off as a function of the radiation pattern of an individual antenna element. 
As an illustration, Figure 2 shows the azimuth radiation pattern for a single patch antenna element. The pattern was computed with ArrayCalc [8], a Matlab toolbox that uses idealized mathematical models. As shown there is an approximate 6 dB loss from 45 to 60 degrees. Note that a three-sector hexagonal cell shape implies the steering range of +/- 60 degrees of each array, while a four-sector diamond cell shape implies the steering range of +/- 45 degrees of each array. In other words, an additional 6 dB beamforming gain could be achieved if the four-sector diamond shaped cell deployment is applied. 
Additional phased arrays can be utilized for even less degrees of steering of each array. However, this comes with increased cost per BS and unclear wrapping property (cf. [9]). On the other hand, the diamond cell structure lends itself to the typical urban deployment scenario as shown in Figure 1, and retains the wrapping property. 
Observation 2: Arrays built from printed planar patch antenna elements will be gain limited for larger steering angles, hence a smaller viewing angle per cell would likely be prefered. 
 
[image: ]
[bookmark: _Ref441151112]Figure 1. Madrid Grid Outdoor Layout [6]
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[bookmark: _Ref442265861]Figure 2. Radiation Pattern for Patch Antenna
3	Diamond Shaped Cell Layout
For the more familiar hexagonal shaped cell we start with one BS (site) and create three sectors, each represented by a hexagon as shown in Figure 3 by the site labelled 1. In this case we would have three separate antenna arrays, each facing at angles 0, 120, and 240 degrees respectively. We can then begin to tessellate this shape by translating and rotating by 60 degrees to obtain six additional sites. This is referred to as a 7-site cluster and is the simplest cluster size commonly used for system analysis. This process of translating and rotating can be repeated to obtain the next common cluster size, which is a 19-site cluster. Normally, the inter-site distance (ISD) is specified as the design parameter. In the hexagonal case this ISD is common across the entire cluster and can be written as:

where  represents the hexagon side length. 
Wraparound can be supported by creating copies of the original 7/19-site cluster as described in [9]. After appropriate wraparound processing the deployment scenario can be simulated to obtain unbiased performance results for all UEs located in the original centre cluster.    
A corresponding deployment scenario can be constructed using instead a diamond shaped cell, which is also shown in Figure 3. Starting again with the centre site we now create four sectors, each represented by a diamond. In this case we would have four separate antenna arrays, each facing at angles 0, 90, 180, and 270 degrees respectively. Next we tessellate this shape, similarly to what was done in the hexagonal case but instead rotating by 45 degrees so that we create an additional 8 sites. In this case we have a 9-site cluster, which is the simplest cluster size using diamond shape cells. The next larger size would be a 25-site cluster. It’s important to point at that for the diamond shaped layout there are multiple ISD values. However since we desire symmetrical coverage per cell, we further propose to use only the special case of a square. In this case there are only two ISD values, referred to in Figure 3 as and . From simple geometry the following relationships exists:

where  represents the side length of the diamond (square) cells.  
Finally, wraparound is similarly supported so that unbiased performance results can also be obtained for a diamond cell shape layout.     


[bookmark: _Ref441224019]Figure 3. Basic Hexagonal and Diamond Shaped Cluster

4	Conclusion
In this contribution, we discussed the cell layout for typical UMi street canyon scenario. From the discussions and obersvations, we propose the following:
Proposal: The diamond shaped cell layout instead of hexagonal shaped cell layout is considered for the UMi street canyon scenario for frequency spectrum above 6 GHz.
The justifications specified are as follows:
1. In UMi street canyon scenario with below rooftop BS, the diamond shaped cells are a better approximate deployment. 
· This is even more appropariate for above 6 GHz frequency band.
· This fits well if the intention is to provide coverage along the four cardinal directions in grid-like urban areas.
2. Arrays built from printed planar patch elements will be gain limited for larger steering angles, hence a smaller viewing angle per cell would likely be prefered.
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