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1
Introduction

In [1] Band 26/XXVI is promoted as a global band below 1 GHz. However, for protection of adjacent services such as Public Safety,
· Band 26 is currently specified for three operator-specific deployments in a certain geographical area; 

· the use of UTRA is restricted at the lowest frequencies of Band XXVI;
For global deployment, the requirements for co-existence should instead be more general while ensuring protection of victim systems, and technology independent deployment (E-UTRA and UTRA) should be enabled in the frequency range. 

In this paper we have simulated public safety performance and considered the impact of varying Band 26 emissions limits into the public-safety uplink. While fully recognizing that PS UL protection needs to be ensured, the emission limits should not penalize E-UTRA and UTRA operation if not required. 
2
Discussion

2.1 
Existing 3GPP requirements for protection of the Public Safety UL



Public Safety protection below Band 26/XXVI has been defined in TS 36.101 and TS 25.101 as -42dBm/6.25kHz. Three different network signaling values with associated A-MPR have been included in TS 36.101 to be able to fulfill such emission limit depending on the position of the E-UTRA carrier as well as the channel bandwidth. These network signaling values are tailored to three specific operator scenarios. A-MPR is not defined for UTRA, instead a recommended guard band between PS and the position of the UTRA carrier needs to be specified in TS 25.101: the more stringent the requirement, the larger the guard band. The necessary guard band is larger for DC-HSUPA than for single carrier.

The regulatory requirement for protection of Public Safety UL (806-816 MHz) is defined as -13dBm/100kHz. A margin towards this requirement is required. The -42dBm/6.25kHz minimum requirement was defined based on type approval data for a set of iDEN devices [4] as there has been no recorded cases of uplink interference complaints from the public safety community to date. 
2.1.1
Impact of -42dBm/6.25 kHz

Three different NS values have been introduced in TS 36.101 to provide an emission of -42dBm/6.25kHz protection to PS UL: 
1. NS_12 is defined for E-UTRA carriers at a minimum offset of 0.7 MHz from PS UL for 1.4, 3 and 5 MHz channel bandwidths; 
2. NS_13 is applicable to E-UTRA carriers at minimum 3 MHz offset from PS UL for a 5 MHz channel bandwidth;
3. NS_14 is specified for E-UTRA carriers located at least at 8 MHz offset from PS UL for 10 and 15 MHz channel bandwidths; 
with A-MPR profiles associated with each NS value. Other deployment scenarios in the same or a different geographical region would still have to use these signaling values with their implied offsets to the protected band if an unwanted emission level of -42 dBm/6.25kHz is to be achieved. Alternatively, NS_01 can be indicated in the cell, which would not restrict the use but only ensure protection according to the SEM.
The limit -42dBm/6.25kHz has a harder impact on UTRA than E-UTRA systems since network signal is not specified. Instead, a guard-band between the UTRA carrier and PS UL is required. In [3], the guard band is proposed to be 6/14.5 MHz between the SC-UTRA/DC-HSUPA carrier edge and the protected band below Band XXVI. This indicates that 

· in areas where PS UL extends up to 813.5MHz, UTRA cannot be deployed below 819.5 MHz and DC-HSUPA cannot be allocated below 828 MHz 

· in areas where PS UL extends up to 816MHz, UTRA cannot be deployed below 822 MHz and DC-HSUPA cannot be allocated below 830.5 MHz 
Moreover, accounting for both PS UL and PS DL protection of -42dBm/6.25kHz and -53dBm/6.25kHz, respectively, the proposals in [3] indicates that SC-HSUPA is just possible to be deployed between 819.5-841 MHz and 822-841 MHz where PS is required to be protected with such levels below 813.5MHz and 816MHz, respectively. DC-HSUPA is not to be deployed with such guard bands. We also note that UTRA technology can be deployed in the complete Band XXVI in regions where the PS protection requirements are not needed.
Recognizing that there is currently no UTRA deployment plans announced for the 10 MHz extension below Band V by operators in RAN4, allocation for UTRA systems in the extension should still be possible to allow technology neutrality. Operators should be given the flexibility to extend the widely used Band V also for UTRA deployment. Hence the required guard band and the emission limit should be evaluated carefully always ensuring protection of the PS system without over-specifying it.
Due to the fact that the -42dBm/6.25kHz was specified based on measurements on real devices for type approval, it is recommended to consider the required protection for PS UL in view of the impact on Band 26/XXVI deployment. The simulations presented in this paper are intended  for finding out if -42dBm/6.25kHz is required as a minimum 3GPP requirement for PS UL protection or if a relaxed requirement is acceptable for the victim system.
2.2
Simulation assumptions
In order to make a first assessment of the coexistence, we repeat the scenario simulated in [6] with a slight extension. Simulations have been performed assuming a 8 km PS system and different LTE cell radius of 1, 2 and 4 km. Unlike in [6], two different PS channel bandwidths have been considered, 6.25 kHz (as per [6]) and 25 kHz. This scenario represents a worst case in which a “rural” PS cell is deployed amongst urban/sub-urban LTE cells.  

The SINR threshold has been defined as 16.5 dB as it is noted in [6] to be “understandable speech with slight effort based on real product”. We note that Analog-FM ±5 kHz (25 kHz) requires SINR = 17 dB for the same speech quality as CQPSK (6.25 kHz), for which 16.5dB is specified, see TIA TSB 88.1-C [7]. In the simulations below, 16.5 dB is used for both the 6.25 kHz and 25 kHz bandwidths
Table 2.2-1 and Table 2.2-2 summarize the simulation assumptions. 
Table 2.2-1. LTE parameters
	
	Base Station
	UE

	Carrier frequency
	850 MHz

	Channel bandwidth
	5 MHz

	Cell radius
	1.0 km / 2.0 km / 4.0 km 

	Frequency reuse
	1x3x1

	Lognormal fading
	10 dB

	Antenna gain and antenna pattern
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 = 65 degrees, Am = 20 dB
	Antenna gain + body loss= -10 dBi 

	Noise figure
	5 dB
	9 dB

	Transmit power
	43 dBm
	23 dBm

	Antenna height
	30 m
	1.5 m


Table 2.2-2. PS parameters 
	
	Base Station
	Device

	Carrier frequency
	850 MHz

	Channel bandwidth
	6.25 kHz and 25kHz

	Cell radius
	8 km

	Antenna height
	100 m from ground 
	1.5m

	Lognormal fading
	10 dB

	Antenna gain and antenna pattern
	11 dBi omni-directional
	Antenna gain + body loss =-6 dBi

	Noise figure
	5.7 dB
	9.75 dB

	Transmit power
	45 dBm
(after combiner loss)
	36 dBm

	SINR Threshold
	16.5 dB
	16.5 dB

	Effective Noise Bandwidth (ENBW)
	6.25 kHz and 25kHz
	6.25 kHz and 25kHz

	Noise Floor 
	-130.3dBm / 6.25 kHz
	-126.3dBm / 6.25 kHz


2.3
Simulation results

Monte-Carlo simulations have been performed for a PS network by itself and in the presence of LTE Band 26 network of 1, 2 and 4 km cell radius. PS system outage have been considered as the metric to calculate the level of interference in the network. 
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Where an unavailable user is defined as a user for which the received level at the PS BS is below the BS sensitivity and an interfered user is considered a user for which the received level at the BS is above the sensitivity level but SINR is below a certain defined threshold. 
Table 2.3-1 shows the outage (average and cell edge) of a PS network without any LTE network in the same geographical area. It can be observed that the cell edge outage is aligned with the theoretical calculations in chapter 2.4. Note that in practice, the outage for a PS network without any other network in its surroundings will suffer higher outage due to intra-system interference (e.g. adjacent channel interference from neighboring cells) which has not been considered in these simulations.
Table 2.3-1, Table 2.3-2 and Table 2.3-3 summarize the average and cell outage of a PS system co-existing with an LTE Band 26 network of 1, 2 and 4 km cell radius for different OOBE from Band 26 UE’s. The results consider a maximum Band 26 UE OOBE of -35, -38 and -42 dBm/6.25kHz. 
The simulation set up for these simulations are the worst case scenario, thus presented levels for outage are higher than expected in a real deployment. The following aspects need to be taken into consideration when looking at the simulation results:
· Intra-system interference is not considered in the simulation set up, which leads into a higher impact due to OOBE from a Band 26 UE. For the same Band 26 OOBE, the increase on outage will be reduced if taking into consideration the internal PS interference.
· Emissions equal to -35, -38 and -42 dBm/6.25kHz are assumed to occur in the victim system for UEs transmitting at maximum output power regardless of the PRB allocation, which represents the worst case (see Annex A). To account for power control, the unwanted emission is then reduced “dB for dB” for lower UE output power. In practice, the OOBE will at least be reduced by 1dB when decreasing the power by 1dB, at least at high power. 
· The simulated Band 26 OOBE follows minimum performance (-35, -38 or -42 dBm/6.25kHz). Real UE’s will perform better than these requirements and OOBE will also fall when moving further from Band 26 UL.

· The PS network is dimensioned for 8km, for which 100m antennas at the BS are needed. The path loss model used in the simulation is that recommended in TR 36.942, which is accurate for antenna heights between 0-50m. Lowering the height of the antennas will translate into a smaller PS cell size at the same time as it will reduce the impact from the LTE UE OOBE.
Table 2.3-1. PS Outage without the presence of LTE interference (assuming non intra system interference)
	
	PS 6.25kHz 
	PS 25kHz 

	Average outage (%)
	0.06
	0.67

	Cell edge outage (%)
	0.16
	1.32


Table 2.3-2. PS outage in the presence of Band 26 LTE cells of 1 km radius
	
	PS 6.25kHz 
	PS 25kHz 

	dBm/6.25KHz
	- 35
	- 38
	- 42
	- 35
	- 38
	- 42

	Average outage (%)
	3.98
	2.18   
	0.88   
	7.25
	4.53 
	2.45  

	Cell edge outage (%)
	7.18
	4.37
	1.81
	13.33
	9.04
	5.09


Table 2.3-3 PS outage in the presence of Band 26 LTE cells of 2 km radius
	
	PS 6.25kHz 
	PS 25kHz 

	dBm/6.25KHz
	- 35
	- 38
	- 42
	- 35
	- 38
	- 42

	Average outage (%)
	3.51
	2.01
	0.91
	6.65
	4.28
	2.35

	Cell edge outage (%)
	6.51
	4.08
	1.86
	11.32
	7.40
	4.13


Table 2.3-4. PS outage in the presence of Band 26 LTE cells of 4 km radius
	
	PS 6.25kHz 
	PS 25kHz 

	dBm/6.25KHz
	- 35
	- 38
	- 42
	- 35
	- 38
	- 42

	Average outage (%)
	1.48
	0.71
	0.33
	5.58
	3.56
	2.17  

	Cell edge outage (%)
	2.93
	1.69
	0.87
	9.75
	6.71
	4.39


2.3
PS outage based on link-budget analysis
Considering the scenario with just a PS cell of radius 8 km, the expected outage at the cell edge can be estimated using a link-budget analysis using data in TR 36.942, is:

The received average power at the BS is (without the log-normal variation)

PRX = PPSout-L+GPS_UE+GBS_BS

PPSout is the output power of a PS device, GPS_UE and GPS_BS are the gain of the PS device and PS BS, respectively. L is the path loss according to TR 36.942,
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Dhb is the PS BS antenna height in m, R is the distance in km from the PS BS to the UE (in this case assumed to be at the cell edge) and f is the carrier frequency in MHz.

The sensitivity level at the BS is

BS Sensitivity = Noise Floor + SINR,

where SINR includes margin for the fast fading. We can then find the outage given the log-normal variation with a standard deviation of 10 dB (Table 2.2-2).
Using the parameters as specified in Table 2.1-1 and Table 2.1-2, the outage is then expected to be somewhat below 0.25 % and 1.4 % for a 6.25 kHz and 25 kHz channel bandwidth, respectively. This is consistent with the simulation results.
We note that the used path model is recommended for BS antenna heights between 0 and 50m while this parameter is higher in this set of simulations (100 m). The path loss at 8 km becomes 127 dB using 100 m base-station height, which is 18 dB higher than the free-space loss at the same distance. Hence the used path loss is likely to be underestimated. For a higher path loss, the intra system interference would be higher and the effect of the E-UTRA interference smaller.
3 Proposed way forward

For E-UTRA, three different operator specific NS values and associated A-MPR have been defined to fulfill -42dBm/6.25kHz PS UL protection whereas it restricts the use of UTRA in the lowest frequencies of the band. From a Band 26 implementation perspective, this required back-off associated with the A-MPR for NS_15 complicates the fron-end optimization.

The current OOBE for Band 26 UE for PS UL protection was introduced in the 3GPP specifications based on  type approval measurements for a set of real devices on the field today. Due to the impact on the global deployment of Band 26/XXVI, the effect of different levels of Band 26 emissions on the PS UL has been studied on this paper. We can observe that indeed, the level of OOBE from a Band 26 UE will affect the system outage. However, the simulations performed consider the worst case scenario and smaller outage levels of PS UL can be expected as discussed in chapter 2.4. We note that a relaxation to a -38 dBm/6.25kHz limit would still keep the cell-edge outage below 10% for the worst-case studied. But, what is the outage requirement of public safety? 
If the emissions limit could be relaxed,  A-MPR could be reduced significantly, which would facilitate a modification of the A-MPR profiles for the NS_12-NS_14 in a non-deployment specific way, i.e. A-MPR independent of the frequency offset to PS UL The required guard band for UTRA could be extensively decreased (or even avoided for SC-HSUPA)

It is proposed to redefine the set of signaling values NS_12-NS_14 and

1. relax the limit to -38 dBm/6.25kHz if the PS UL outage is acceptable but -35 dBm/6.25kHz is not possible;
2. keep the -42 dBm/6.25kHz limit if the protection limit is required to be kept for PS protection, but modify the offsets to the protected bands to make the A-MPR profiles more general, while still covering the existing operator-specific scenarios (this will slightly increase the A-MPR) and consider using one NS value for an additional limit -35 dBm/6.25kHz with smaller or no A-MPR;
3. set the offset to the protected band at 1 MHz for all bandwidths.
From a Band 26/XXVI global deployment point of view, the proposal in 1 would remove the restriction of using UTRA in the extended part of Band XXVI and would also allow to set the A-MPR profiles in a more general way, alleviating PA optimizations and reducing testing time. Proposal in 2 would allow for non-operator specific A-MPR profiles while not solving the restriction on UTRA technology. 
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Annex A. UE emissions
In this annex we show simulated emissions for 5 MHz channel without A-MPR. Note the smallest allocations generate the highest emission (IM3). For all allocations displayed, the emissions are in the range -55 dBm/6.25kHz and -35 dBm/6.25kHz at an offset between 1 and 5 MHz from the carrier, and below -50 dBm/6.25 kHz at offsets larger than 5 MHz. Pick a random 6.25 kHz channel in this range: the emission in this is clearly varying depending on the allocation while the UE is at 23 dBm output power. Beyond a 1.5 MHz offset, the emissions are below -40 dBm/6.25 kHz for many of the allocations also at 22/23 dBm output power.  In the simulations, it is assumed that the unwanted emissions are constant (as given by the minimum requirement) regardless of the allocation.
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Figure A-1. 10 MHz carrier, 1-8 RB allocation
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