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1.0 Introduction 
The FCC Public Safety and Homeland Security Bureau mandates LTE technology for the 700 MHz Public Safety band (3GPP Band 14). Currently there is only one power class defined for EUTRAN UE, i.e. power class 3 (23dBm) for Band 14. This limitation on UL power is a bottleneck to enable higher achievable data rate with broader coverage, which are essential for Public Safety broadband (PSBB) systems to provide the necessary population coverage and UL throughput requirements for Public Safety and US Homeland Security.
Band 14 PSBB will need to provide better coverage and availability/throughput performance than provided by commercial systems [1], [3] particularly in rural areas.  This can be achieved by using higher power UE(s) for vehicular mobile applications by allowing “first responders” to send and receive video and data, thus providing the ability to co-ordinate response and protect lives in these scenarios. 

A B14 Higher Power UE (HPUE) would have different RF specification requirements than the normal power Class 3 UE; therefore it is proposed to specify these additional tighter requirements in terms of a new power class (Power Class 1) in TS36.101 [6] for PSBB deployment as part of a new RAN WI.
2.0 Discussion

In March 2010, the FCC released its National Broadband Plan [1], which made significant recommendations for improving access to broadband communications across America and for enhancing the role of broadband in public safety and emergency response. 
Previous 3GPP discussions in [3] and [4] have already identified the benefits of a higher UE power class in terms of improved link budget calculations and coverage for commercial LTE systems. Band 14 PSBB will need to provide similar, if not better performance than that proposed in [3] by using higher gain devices particularly in rural areas. In this document we only focus on the needs of higher UE power class for Band 14 LTE PSBB deployed in Region 2 
2.1 PSBB coverage requirements 
From [2] LTE commercial rollout is planned with availability of up to 95% of the United States population. Using United States census data we find that 95% of the total population (307 million) resides in 1.26 million square miles or 36% of the land area of US (3.5 million square miles). 
However we find that 99% of the total population resides in 2.03 million square miles or 58% of the land area of US. This means for PSBB to address this 99% value we have to provide rural coverage for 0.77 (2.03 – 1.26) million square miles with these higher power vehicular mobiles. The FCC plan called for 3200 additional sites for the benchmark therefore we need to provide an average of 241 square miles of coverage per site or approximately 9.6 miles range.  However actual PSBB LTE cell sites in many rural areas may need to be built on existing PS structures and actual cell range could differ.
2.2 PSBB Link budget calculations 
In this section we consider the required vehicular UE power with 256 kbps
 under various example scenarios to show the benefits of higher power assuming a 9.6 mile range example.  The SINR is chosen from TS36.104 [5] PUSCH minimum requirements (Table 8.2.1.1-3) for the various channel models with target throughput fraction of 30%. The RF environmental assumptions are for a rural forested environment which is mapped to a Hata suburban propagation model used for cell radius calculation. 
Note that we have assumed the vehicular antenna gain to be –1dBd as is the best case placement on the rooftop centre as indicated in TIA TSB-88.1-C Table D-3 “Measured Location Gain”. Typical mobile cable loss is 2dB and therefore the aggregate gain is (-1dBd + 2.1-2) = -0.9dBi.
[image: image1.emf]UE Ppowerclass  23 dBm 33 dBm 33 dBm 33 dBm 33 dBm

UL Tranmsisson configuration  256kbps 256kbps PRACH MSG3 PUCCH

RB allocation 10 10 6 1 1

Channel Model EVA 70Hz EVA 70HzETU 70Hz TU 3kmhEVA 70Hz

36.104 SINR (dB)  @ 30% TPUT -4.5 -4.5 -10.0 -2.9 -5.2

IoT (dB) 4 4 4 4 4

eNB NF (dB) 3 3 3 3 3

ENB Sensitivity (dBm) -108.9 -108.9 -116.7 -117.3 -119.6

UE Pcmax after MPR (dBm) 22 32 33 33 33

Vehicular antenna gain - cable loss (dBi) -0.9 -0.9 -0.9 -0.9 -0.9

eNB Antenna Gain (dBi) 15 15 15 15 15

eNB cable loss (dB) 3 3 3 3 3

TMA Gain (dB) 3 3 3 3 3

Shadowing Margin (dB) 8.1 8.1 8.1 8.1 8.1

Max Allowed Path Loss (dB) 137.0 147.0 152.7 153.4 155.7

UL tranmisson Frequency (MHz) 790 790 790 790 790

eNB Ant. Height (m) 80 80 80 80 80

Vehicle Ant. Height (m) 1.5 1.5 1.5 1.5 1.5

RF Environment Forested Forested Forested Forested Forested

Maximum Cell Radius (Miles) 4.9 9.9 14.0 14.5 16.2

Figure 2.2-1: Example link budget to show impact of higher UE transmit power (23 vs. 33dBm)
This analysis is similar to the conclusion in [3] and shows the benefit of a higher UE power class in terms of increase cell radius for PSBB deployment. We suggest that 2W (+33dBm) would be a reasonable compromise in terms of RF performance and implementation complexity to meet this 9.6 mile range approximation. We therefore suggest that a 2W (+33dBm) Ppowerclass vehicular application should be the target for this new Higher Power UE power class
2.3 Benefits of higher B14 PSBB UL power
In the Public Safety environment, the most demanding load expected is at the scene of a multi-response incident with multiple users at one location each vying for part of the sector bandwidth. These sorts of incidents can occur in any part of the PSBB coverage area so it is difficult to provide a higher UL throughput without the use of a vehicular HPUE at edge of cell coverage locations. 
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2.4 Considerations on other performance requirements

In terms of specifying other Tx/Rx performance requirements we believe many of the current assumptions for this higher power class can be based on Power Class 3 (+23dBm)  with some tightening of the Tx performances for the new HPUE power class. The power consumption is less critical for a 2W device since this is intended for vehicular applications so it should be possible to make the PA more linear and specify tighter RF requirements where applicable.
3.0 Conclusion
We propose that 3GPP should consider adding a new higher UE Power class for Band 14 (Power Class 1 +33dBm) which can be used in Region 2 to address the throughput/coverage requirements for Public Safety broadband (PSBB) and Homeland Security. 
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�  Per FCC order 10-2342 which says “… provides outdoor coverage at minimum data rates of 256 kbps uplink (UL) and …. “
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