3GPP TSG-RAN WG4 Meeting #85










R4-1712382
Reno, Nevada, US, 27 November – 1 December, 2017
Source: 
Qualcomm Incorporated

Title: 
Impact of UE Spherical coverage to network 
Agenda item:
9.4.3.1.3
Document for:
Discussion
1. Introduction
In RAN4#84Bis spherical coverage on mmW UE was discussed extensively [1]. Concerns from UE vendors were mainly if such spherical coverage is implementable in a real design. Same concerns were raised already in RAN4-NR-AH#3 Nagoya [2]. The discussion seems to be focused on UE performance and companies are competing on reasons why real implementation performance may be worse than ideal. This will lead to having no performance requirements since there has not been quantifiable system need for Spherical Coverage requirement. In this paper, we present impact of two different UE with different Spherical Coverage requirement in to network coverage, user experience and capacity.  
2. Discussion

Since the discussion for UE Spherical coverage performance has two clear proposals, 50 %-tile requirement and 20 %-tile requirement. We modelled two UEs with two different spherical coverage. G1 guarantees performance down to 20 %-tile and G2 guarantees performance down to 50 %-tile but below 50 %-tile the performance degrades rapidly. The corresponding CDFs are shown in Figure 1. 

[image: image1.emf]
Figure 1 CDFs of two UEs
We took a 0.81 km^2 area of downtown of a large US city and placed mmWave base stations in proximity with the existing LTE small cell base stations. This is convenient way to deploy mmWave since no new infra (power, masts, rental agreements with property owners, etc) are needed. The base stations have 60 dBm EIRP capability, two TRPx and 256 antennas for each TRPx. We dropped 4500 users in the area and randomised UE orientation and used the antenna gain towards own signal angle of arrival from the antenna radiation pattern satisfying the CDFs in Figure 1. To compute the angle of arrival we used Ray Tracer model and accurate modelling of real building structures. 

The resulting DL SINR is plotted in Figure 2.
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Figure 2 DL SINR distribution for the two UEs 
Some part of the UEs experience very low SINR. This is because the cell sites are chosen based on existing LTE sub6 base stations and since the higher pathloss, some mmW UEs are out of coverage. However, the amount of populations that is out of coverage differs between 20 %-tile and 50 %-tile UEs. If UE Spherical coverage is set to 20 %-tile, 97 % of UEs are in coverage. If UE Spherical coverage is set to 50 %-tile, only 89 % of the UEs are in coverage.

Observation 1: With 20 %-tile Spherical coverage requirement, 9 % more UEs are in coverage compared to UEs with 50 %-tile requirement.
If we narrow down the analysis to the UEs that are in coverage we can plot the DL spectral efficiency for the two UE types.
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Figure 3 User Spectral efficiency of two UE types

If we focus on differences in spectral efficiency separately for cell edge case (Efficiency < 2 bps/Hz) and good coverage cases (2 bps/Hz < Efficiency < 9 bps/Hz), we can make the following observations:
Observation 2: Spectral efficiency more than doubles for the majority of the population if Spherical coverage requirement is guaranteed for 20 %-tile compared to UEs with guaranteed performance down to 50 %-tile. 
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Figure 4 Spectral efficiencies if 20 %-tile and 50 %-tile UEs for good coverage users (a) and cell edge users (b)

Integrating the overall system efficiency for the UEs that in coverage, we can conclude that for the network with UEs having 50 %-tile Spherical coverage, overall network capacity is 18 % lower.  
Observation 3: With Spherical coverage guaranteed to 50 %-tile only, overall network capacity is 18 % lower. 

Note : While the absolute numbers shown above pertain to the specific city under discussion as well as site & user locations, the difference between the two scenarios is expected to remain significant in terms of coverage, user experience and system capacity realization. 
Regarding peak EIRP and EIS capability, the lower the value the lower the network capacity and coverage area. This can be analysed with a simple path loss calculation and there is no need to run complicated simulations. 3 dB lower Peak EIRP means half the radius and four times less users covered. 
Observation 4: 3 dB lower peak EIRP or EIS capability means half of the users are covered
3. Conclusion
We discussed the importance of spherical coverage requirement for network performance and provided network simulations to quantify the impact between specifying 20 %-tile and 50 %-tile. We made three observations

Observation 1: With 20 %-tile Spherical coverage requirement, 9 % more UEs are in coverage compared to UEs with 50 %-tile requirement.
Observation 2: Spectral efficiency for more than doubles for the majority of the population if Spherical coverage requirement is guaranteed for 20 %-tile compared to UEs with guaranteed performance down to 50 %-tile. 
Observation 3: With Spherical coverage guaranteed to 50 %-tile only, overall network capacity is 18 % lower. 

We also discussed peak EIRP&EIS significance to the network coverage and made one observation:

Observation 4: 3 dB lower peak EIRP or EIS capability means half of the users are covered
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