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	Summary: 

	A set of updated common assumptions and scenarios is proposed to be used for analysis of interference from WSDs into LTE systems operating in the band 790-862 MHz. 
It is now assumed that WSD emissions in the LTE UE wanted channel are subject to a regulatory baseline limit. If such limit is not assumed, one would have to assume WSD emissions according to the general spurious emission limit over the whole 10 MHz wide victim wanted channel. As discussed at the last meeting, this would be an unrealistic assumption, since the spurious limit is intended to limits emission peaks which will in practice occur only over a relatively small bandwidth. Different baseline limits are assumed for different types of WSDs. 

The assumptions on the LTE UE selectivity have been adjusted in order to include margins for duplex filter temperature drift, aging, manufacturing tolerance, and performance losses due to interaction with other electrical components of the circuit. These margins have been determined by assuming in total a 2 MHz shift of the duplex filter response. 
Furthermore, instead of proposing three different levels of duplexer performance as in the contribution to the previous meeting, it is now proposed to consider only the typical performance level of duplexers, but to differentiate between the cases of a wideband and a narrowband WSD. This is necessary since interference from a wideband WSD will be subject to LTE UE selectivity “averaged” over a whole TV channel, while interference from a narrowband device will in the worst case be concentrated at the upper edge of a TV channel where typically lower suppression is observed compared to the average over the whole channel. A WSD would classify as a narrowband device in the sense of this differentiation if its occupied bandwidth is in the order of 1-2 MHz or less. 

	Proposal: 

	It is proposed to base the studies of WSD interference towards LTE mobile terminals on the common assumptions and scenarios described in this document.

	Background:


	Within CEPT, WSDs are envisaged to operate at non-interfering / non-protected basis, most likely under control of a geo-location database, in the band 470-790 MHz. One aspect SE43 investigates in this scope is interference to systems operating in adjacent bands, i.e. systems operating below 470 MHz and systems above 790 MHz. 


6.3 Protection of mobile service in the band 790-862 MHz (Issue F1)
6.3.1 Interference modelling approach

6.3.1.1 MCL analysis

For MCL analysis interference is calculated based on WSD leakage into LTE UE wanted channel (according to assumptions on baseline emission limits as described below), see the area marked in green in Figure 25, and LTE UE selectivity within the WSD wanted channel (according to total ACS (RF + duplexer)) as indicated by the blue area in Figure 25 below. Contributions from other frequency ranges (i.e. frequencies below the blue area, between blue and green area, and above green area) are neglected. This is equivalent to the approach that has been used for the MCL analysis results in ECC Report 159. 
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Figure 25: WSD leakage into LTE UE

6.3.1.2 Monte Carlo simulation

For Monte Carlo simulations (e.g. using SEAMCAT software) it is proposed to consider the full transmitter and receiver mask according to the general assumptions above. Contributions below the blue area and above the green area in the figure above are neglected, but contributions from frequencies between the blue and green areas are taken into account. 

The I/N threshold should not be exceeded in more than 1% of the cases, i.e. the resulting I/N distribution should be read at 99%.

Each simulation is run with a certain WSD transmit power, which is then varied in consecutive runs in order to find the maximum WSD transmit power for which the given I/N threshold is just not exceeded.
6.3.2 Common assumptions

6.3.2.1 Wideband WSD system (interferer)
The WSD system is assumed to use 8 MHz system bandwidth and time-division duplexing (TDD). 

For the purpose of Monte Carlo simulations, out-of-band (OOB) emissions are assumed to be similar to the performance of LTE and are thus defined according to 3GPP specifications. For fixed mounted WSDs BS-like performance is assumed, for portable and user-deployed WSDs UE-like performance is assumed. 

BS-like OOB emissions: ACLR1 = ACLR2 = 45 dBc, for larger frequency offsets spurious emissions -36 dBm/100 kHz. 
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UE-like OOB emissions: ACLR1 = 30 dBc, for larger frequency offsets spurious emissions -36 dBm/100 kHz.
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Note that the spurious emissions requirements are given as absolute powers and are thus independent from the in-band transmit power of the WSD. In cases where WSD spurious emissions fall into the victim wanted channel it is therefore possible that the maximum possible level of spurious emissions itself is limited by the combination of I/N threshold and coupling gain. 
Therefore, WSD emissions falling into the victim system’s wanted channel are assumed to be subject to a regulatory baseline level, which is independent of frequency offset. This concept is illustrated in Figure 24. 
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Figure 24 WSD emissions within victim wanted channel assumed to be limited by a regulatory baseline level. 
Instead of using a generic value for the baseline limit, scenario-specific assumptions are made in this study since the combination of (scenario-specific) allowable in-band emission limit and baseline limit results in a certain ACLR requirement. It is expected that different ACLR limits will be achievable for different WSD types. The assumed baseline limits are stated in the scenario descriptions in Sec. 6.3.3 below. 

6.3.2.2 Narrowband WSD system (interferer)
No OOB specs for narrowband WSDs are available yet, so that only the MCL method can be applied to those. This implies that no special assumptions on this device type are required except that slightly different LTE UE selectivity figures have to be considered. This is addressed in section 6.3.2.4 below. 
A WSD would classify as a narrowband device in the sense of this differentiation if its occupied bandwidth is in the order of 1-2 MHz or less.
6.3.2.3 Mobile system (LTE)

The LTE system is modelled as a 10 MHz FDD system, downlink (BS transmit, UE receive) operating in 791-801 MHz. LTE UEs are assumed to have an omni antenna (0 dB gain), noise figure 6 dB, and are located at 1.5 m height above local ground. 
A receiver bandwidth of 9 MHz is assumed, which leads to a thermal noise floor of -104.43 dBm. Adding a noise figure of 6 dB leads to a LTE UE receiver noise floor of -98.43 dB.
For Monte Carlo simulations an inter-site distance (ISD) of 5000m is used.

[Ed. Note: The assumption on the inter-site disctancemay need to be revisited in the later course of the investigations since results might be rather sensitive to this parameter.]
6.3.2.4 LTE UE selectivity

LTE UE selectivity determines how much energy the LTE UE takes in from within the TV band due to its non-ideal frequency selectivity. This selectivity consists of two main contributions; the selectivity by the RF frontend and the additional suppression by the duplex filter. 

The RF selectivity for some frequency offsets can be estimated from the 3GPP ACS and blocking requirements (see 3GPP TS 36.101). The details of how this can be done have been explained in an earlier contribution (see Doc. SE43(10)88). The resulting numbers are illustrated in Figure 24. The ACS for the first 5 MHz outside the LTE wanted channel is 33 dB. The first in-band blocking requirement is to be tested at 10 MHz offset, and the required suppression is ~33 dB as well. At 15 MHz offset the second in-band blocking requirement implies a suppression of 45 dB, which, according to the first OOB blocking requirement, can then assumed to be flat until a frequency offset of 60 MHz. For larger offsets the suppression of OOB interference increases further until it reaches 75 dB at 80 MHz offset. 
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Figure 25: RF selectivity

Assumptions on LTE UE ACS values for the different UHF channels have to be made differently for wideband WSDs (i.e. WSDs using a whole 8 MHz channel) and narrowband WSDs. In the following the assumptions for both cases are explained. 

WSDs using 8 MHz wide channels
Based on these values it is possible to calculate the ACS for the first couple of TV channels when interferers are using 8 MHz instead of 5 MHz bandwidth. For channels 56 to 59 this is straightforward; the ACS is 45 dB. For channel 60, the ACS has to be averaged over 33 dB for the upper 6.5 MHz of the channel, and 45 dB for the lower 1.5 MHz of the channel. This averaging is done according to
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(3)

Interference coming from the TV band will be additionally attenuated by the LTE UE’s duplex filter. It is difficult to estimate the duplexer performance from the existing 3GPP requirements, since those target at defining the suppression of the UE’s transmit frequency range (i.e. frequencies above 821 MHz), and current filter technology typically has asymmetric frequency responses (i.e. the shape of the filter response at frequencies above the passband is different from below the passband).  It is however possible to estimate the actual resulting total selectivity (contributions from RF plus duplexer) by studying data sheets of duplexers currently available on the market. The values in the table below represent conservative assumptions based on expected duplexer performance across different duplexer vendors and device platform manufacturers. 
The duplexer suppression is modelled according to the values listed in Table 10 below. These values include margins for temperature drift, manufacturing tolerance, aging, and losses when integrated on a printed-circuit board (PCB) compared to the stand-alone measurement performance typically found in data sheets. The assumed duplexer suppression has to be summed up with the ACS due to RF selectivity as explained above. The resulting total ACS figures are given in Table 10 for reference.

Table 10: ACS values used in simulations for WSDs using 8 MHz bandwidth
	
	RF selectivity
	Duplexer
	total ACS

	Ch. 60
782-790 MHz
	34 dB
	1.5 dB
	35.5 dB

	Ch. 59
774-782 MHz
	45 dB
	25 dB
	70 dB

	Ch. 58
766-774 MHz
	45 dB
	35 dB
	80 dB

	Ch. 57
758-766 MHz
	45 dB
	45 dB
	90 dB

	Ch. 56 and below
	45 dB
	50 dB
	95 dB



Narrowband WSDs

For narrowband WSDs the values that are valid for the upper edge frequency of a UHF channel have to be used instead of values averaged over the whole channel. For the RF selectivity contribution it is hence appropriate to consider 33 dB suppression for interferers in channel 60; for the other channels the RF selectivity assumptions are the same as for the wideband case. The duplexer contributions need to be modified in order to represent the value at the upper edge of a TV channel instead of an average over the whole channel. 
For narrowband WSDs the values as shown in Table 11 should be used. 

Table 11: ACS values used in simulations for narrowband WSDs. 

	
	RF selectivity
	Duplexer suppression
	total ACS

	Ch. 60
782-790 MHz
	33 dB
	1.5 dB
	34.5 dB

	Ch. 59
774-782 MHz
	45 dB
	15 dB
	60 dB

	Ch. 58
766-774 MHz
	45 dB
	30 dB
	75 dB

	Ch. 57
758-766 MHz
	45 dB
	40 dB
	85 dB

	Ch. 56 and below
	45 dB
	50 dB
	95 dB


6.3.3 Scenarios

[Ed.note: A figure demonstrating all three scenarios is required]

The range of deployment scenarios for WSDs considered for the scenarios encompasses: 

· Wide area base station (mounted on a mast or on roof of higher building)

· Portable device or similar to WLAN access point (same height as LTE UE and potentially very short distance)

· fixed wireless access Customer Premise Equipment (CPE) (somewhat higher as LTE UE and has directional antenna)

Victim: typical LTE UE

[Ed. Note: Initial focus is on rural environments (influences choice of propagation model parameters), other area types possibly to be studied later if time permits.]
6.3.3.1 Scenario 1: WSD deployed as wide area base station

The WS BS antenna consists of three sectors with typical 120 degree antennas (ITU-R F.1336, average model) with 17 dBi gain in main direction, 30 m antenna height, 3 degree mechanical down-tilt. 

However, for MCL analysis only one sector needs to be modelled. In this case a fixed geometry is considered where the distance between the victim and the interferer is assumed to be 20 m in the horizontal plane. Together with the antenna heights of 30 m for the WSD and 1.5 m for the LTE UE this means that the elevation angle at which the vertical antenna diagram of the WSD antenna has to be read is 52 degrees. According to ITU-R Recommendation F.1336 the suppression at this angle for a 120 degree sector antenna with 17 dBi max.gain (k-value = 0.7, peak model used) is 14.86 dB.  The corresponding free space path gain considering antenna heights is 60.73 dB, leading to a total MCL of 75 dB.
In order to fulfill an I/N of -20 dB, the baseline emission level within the victim’s wanted channel has to be below -43.4 dBm/10 MHz in this scenario. Thus, for the purpose of the interference analysis study, a baseline level of -65 dBm/5MHz for emissions above 790 MHz (see Section 6.3.1.1) is considered for this scenario. 
For Monte Carlo simulations, a WSD BS is assumed to be located at 2/3* inter-site distance of the LTE cell cluster. The power configured in the simulation tool should be interpreted as total site power, i.e. evenly distributed between the sectors of the site. The COST-Hata propagation model is used to construct the link budget.
6.3.3.2 Scenario 2: portable WSD or user-deployed access point

An omni-directional antenna with 0 dBi gain is assumed for portable WSDs.

Both LTE UE and WSD UE antennas are assumed to be at 1.5 m agl leading to no additional suppression from the vertical antenna pattern of the WSD antenna. 

For MCL analysis, a distance of 2 m is assumed between the victim and the interferer, leading to an MCL of 36.53 dB. 
For Monte Carlo simulation the WSD BS is assumed to be co-located with the centre site in the LTE cell cluster, interfering portable WSDs positioned randomly within a disc of [5,10,15] km radius around the serving WSD BS.
In order to fulfill an I/N of -20 dB, the baseline emission level within the victim’s wanted channel has to be below -78.9 dBm/10 MHz in this scenario. Thus, for the purpose of the interference analysis study, a baseline level of -65 dBm/5MHz for emissions above 790 MHz (see Section 6.3.1.1) is considered for this scenario. 
Recommendation ITU-R P.1411 or free space is used to construct the link budget between victim and interferer in both, MCL analysis and Monte Carlo simulation.
6.3.3.3 Scenario 3: WSD deployed as fixed mounted CPE

The WSD CPE is assumed to be mounted at 10 m height. The Yagi antenna according to ITU-R BT.419-3 with 10 dBi gain, always pointing to a serving BS location, is considered. No downtilt on the WSD antenna is assumed.

For MCL analysis a distance of 10 m in the horizontal plane is considered. This leads to an elevation angle of 40 degrees, which corresponds to a suppression of 7.32 dB.
In order to fulfill an I/N of -20 dB, the baseline emission level within the victim’s wanted channel has to be below -58.2 dBm/10 MHz in this scenario. Thus, for the purpose of the interference analysis study, a baseline level of -65 dBm/5MHz for emissions above 790 MHz (see Section 6.3.1.1) is considered for this scenario.
For Monte Carlo simulation the WSD BS is assumed to be co-located with the centre site in the LTE cell cluster, interfering WSD CPEs are positioned randomly within a disc of [5,10,15] km radius around the serving WSD BS.

Recommendation ITU-R P.1411 or free space is used to construct the link budget between victim and interferer in both, MCL analysis and Monte Carlo simulation.
6.3.4 Calculation results

6.3.4.1 MCL analysis

[Ed.note: to be provided]
6.3.4.2 Monte-Carlo simulations

[Ed.note: to be provided]
N








�This section has been moved here for better readability of the text. 


�Figures to be added in a revision to the document if time permits. 
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