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1.0 Abstract
This paper provides a brief comment on PSNB user distributions that are used in real world mission critical systems.  It also discusses PSNB system design criteria based on the Industrial Standard TIA 
2.0 Introduction 
Several documents [1], [2] [3]  have been presented on co-existence analysis between LTE system and narrow band public safety (PSNB) systems in 800MHz band, i.e., the LTE UE UL at 849MHz interfering the PSNB device DL at 851MHz. 

In [1], [2], a modified deterministic methodology is used that takes into account the probability distribution function of both the aggressor Tx power and the victim Rx power.  In [3], it is proposed to use a full Monte-Carlo simulation methodology and assumed that the user distributions of both PSNB system and LTE system are assumed to be uniform. In this paper, we show that a uniform distribution assumption provides optimistic interference estimates for PSNB scenarios. 

3.0 PSNB user distribution

There are many PS or mission critical scenarios where uniformly distributed users do not reflect real world PSNB scenarios, including: 

3.1 Incident scenes
A survey conducted jointly by Motorola Solutions and active public safety professionals in the US has shown that a typical incident scene there could be as many as 62 public safety personnel in two square city blocks (around 100m by 200m).  These incidents can happen several times a month in a typical urban area and hence are not a rare occasion. These sorts of sudden increase in PS user density can occur in any part of the PS cell so it difficult to provide a higher PSNB Rx signal power at these locations to overcome the interference from a co-located LTE user.
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As commercial LTE equipment is deployed, we can expect increased concentrations of LTE user traffic due to bystanders at incident scenes as well.  This increase in cellular traffic would be due to “I am ok update, I need help with transport, I am taken to hospital or just news reporting”. When such scenarios happen, the probability of interference between LTE users and PSNB users is much higher than predicted with a uniform distribution model. And exactly in these scenarios where PSNB systems are needed most, PSNB systems need to be well protected.
3.2 Public events and hot-spot areas
When big public events are happening, such as sports events, or in hot-spot areas such as shopping malls or city centres, much higher concentration of LTE users as well as public safety personnel can be observed. Example shows cellular phone (highlighted in red) next to large number of PS personal. PS personal are linked to major incident control room passing real time info to PSNB user on either a individual or common voice channel.
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3.3 Protest march, riots, major incident 
When large gathering of people such as protest march or riot much higher concentration of users as well as public safety personnel can be observed. Again these sudden increase in PS user density can occur in any part of the PS cells so it difficult to provide a higher PS BS to overcome the co-located LTE interference from a cellular user.
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From the discussion above, it can be seen that uniform distribution of users is not an accurate assumption when performing coexistence studies involving PSNB systems. This assumption underestimates the probability of an interfering LTE user getting closer to the victim PSNB user in critical situations when PSNB users need the best possible protection, hence underestimate the interference caused by LTE users to PSNB users due to close proximity. 
3.0 Reliability & Performance Criteria for PSNB voice system 
A PSNB voice system is designed to achieve certain service area reliability and a Coverage Acceptance Test (CAT) needs to be performed as the proof of performance test as TIA TSB88.1-C [4]  Also in TIA TSB 88.1-C [4], the channel performance criteria (CPC) is defined as the specified design performance level in a faded channel. 
For a PSNB voice system, the performance is measured by Designed Audio Quality (DAQ) A CPC service area reliability is the probability of achieving the desired DAQ over the defined service area.  To achieve 
· DAQ = 3.4 (“Speech understandable with repetition only rarely required, Some Noise/Distortion”), SINR value of 20 ± 5dB is needed 
· For DAQ = 3 (“Speech understandable with slight effort, Occasional repetition required due to Noise/Distortion”), SINR of 17±5dB is needed 
CPC requirements would normally specify a DAQ of 3, while Federal Government Agencies use a DAQ of 3.4 [4]. It is confirmed by real product that when 16.5dB SINR is provided, DAQ of 3 can be reliably obtained. That’s the basis of using 16.5dB as the minimal SINR requirement. It would be difficult to use 12dB of minimal SINR to achieve DAQ ≥ 3 

The service area reliability can be calculated by averaging over individual tile reliabilities in the whole service area. The service area is divided into tiles normally in the size of 30 meters by 30 meters blocks. For each tile, there could be minimal reliability requirement, for example 90%. This means in each tile, the probability of meeting the CPC requirement is 90%. To achieve the guaranteed service area reliability of 95%, the service area reliability needs to be at least 97% and the minimal tile reliability requirement is usually 90%. It is especially important that tiles at cell edge are still able to meet the minimal tile reliability requirement.    

4.0 Conclusion
IT can be seen that uniform distribution of users is not an accurate assumption when performing coexistence studies involving PSNB systems. This assumption underestimates the probability of an interfering LTE user getting closer to the victim PSNB personal in critical situations when PSNB personal need the best possible protection for an un-interfered mission critical response. 
A SINR of 17±5dB is needed for a DAQ score of  3 DAQ  while a DAQ score which corresponds to “Speech understandable with repetition only rarely required, Some Noise/Distortion” a  SINR value of 20 ± 5dB is needed 
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