[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting #83 												      R4- 1705373
Hangzhou, China, 15 - 19 May, 2017

Source: 	Etisalat, Huawei, Hisilicon
Title: 	Study about TDD L-Band UE emission level to protect MSS above 1518MHz
Agenda Item:	9.6
Document for:	Approval
Introduction
[bookmark: OLE_LINK145][bookmark: OLE_LINK146]A work item [1] was agreed to define a new TDD band covering 1427 – 1518 MHz. 
This contribution is to study the MSS protection level above 1518MHz for the Tx UE case. This proposal is to provide materials to response to the proposals [2] approved during the last 3GPP RAN4 meeting#82-bis in Spokane, US, March 3 to 6 2017. 
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]These studies are based on simulation results to protect MSS in the band 1518-1559MHz in the case of Tx UE.
This contribution is to decide on the right MSS protection level(s) which is/are needed to be added in the TR.

Discussion
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Background
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16]The frequency band 1427-1518 MHz was identified for IMT in WRC-15, named as L-band. 
Based on the approval at the 3GPP RAN4 meeting#82-bis in Spokane, US, March 3 to 6 2017, the TDD L-Band arrangement is aligned on the SDL L-Band arrangement. Thus, there is only a TDD L-band challenging arrangements, as follow:
[image: ]
Figure 1 - TDD Arrangement (a) 

[bookmark: OLE_LINK47][bookmark: OLE_LINK48]The objective of SI or Core part WI or Testing part WI
The objectives of this work item is the following:
· Study the feasible channelling arrangement(s) of L-band (1427 – 1518 MHz) considering the above ITU options and relevant protection requirements of EESS below 1 427 MHz and MSS above 1518 MHz, considering the results of relevant ongoing studies, including:
· TDD: 90 MHz (1427 – 1517 MHz), considering 1 MHz GB with MSS at the upper edge, 
· Note: the upper edge refinement is based on results of ongoing compatibility studies with MSS. For example option of 88 MHz (1427 – 1515 MHz) considers 3 MHz GB with MSS at the upper edge.
· Specify performance requirements for the feasible plan, band numbering and core requirements, as necessary.
· Support of 3, 5, 10, 15 and 20 MHz channel bandwidths
· Support of 200 KHz and 1.4 MHz for NB-IoT and eMTC, respectively, for development of Category M1 and NB1.
Study proposed at the last 3GPP RAN4 meeting
At the last RAN4 meeting, there has been proposed and approved (see R4-1704098 [5]):
Proposal 4: For UE in the band(s) 1492 – [1517/1518] MHz to add in the TR
To protect MSS, need further studies and to take a decision about the level to protect MSS at the next RAN4 meeting. 
Technical solution to be consistent to the MSS protection level should be also proposed at the next RAN4 meeting.
[bookmark: OLE_LINK105][bookmark: OLE_LINK119]
[bookmark: OLE_LINK71][bookmark: OLE_LINK72]Simulation assumption
[bookmark: OLE_LINK91][bookmark: OLE_LINK92]The definition of the deployment scenarios is based on the ITU-R Report M.2292 [4] and the ECC Report 263 [3].
[bookmark: _Ref467253675][bookmark: _Toc467233341][bookmark: _Toc422995343][bookmark: _Toc321839690][bookmark: _Ref304910487][bookmark: _Toc304749331][bookmark: _Toc302483354][bookmark: _Toc293702689]Technical characteristics
[bookmark: _Toc422995344][bookmark: _Toc467233342][bookmark: _Toc422995345][bookmark: _Toc467233343][bookmark: _Ref467252320]Mobile service system parameters
· IMT Terminals (UEs)
[bookmark: _Ref458809409][bookmark: _Ref303185870]According to ITU-R Report M.2292, find below the table 1 about “IMT Terminal characteristics”
	Parameter
	Unit
	Value

	Downlink frequency
	MHz
	1492-1518

	Cell Bandwidth
	MHz
	10

	Deployment
	-
	Macro (urban, suburban, rural)

	Maximum transmitter power[footnoteRef:1] [1:  For frequency separation 1 MHz and 3 MHz channel bandwidth of 5 MHz has been assumed and for 6 MHz frequency separation 10 MHz channel bandwidth is assumed.] 

	dBm
	
23dBm

	Average user terminal output power
	dBm
	–9 dBm for urban and suburban 
2dBm for rural

	Maximum antenna gain
	dBi
	-3

	Antenna height
	m
	1.5m

	Polarization
	dB
	Linear 

	Antenna pattern
	-
	Recommendation ITU-R F.1336-4 OMNI

	Macro cell radius
	
	5 km (rural), 1 km (suburban), 0.5 km (urban)

	User terminal density in active mode
	
	3/5 MHz/km2  for urban 
2.16/5 MHz/km2 for suburban 
0.17/5 MHz/km2 for rural


· Cell size and UE density
Figure 1
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Figure 1 illustrates the geometry for a 3-sector deployment, and defines the parameters cell radius (A) and inter-site distance (B). Each cell (also referred to as a sector) is shown as a hexagon, and in this figure there are three cells/sectors per base station site. Cell sizes in IMT networks can vary considerably depending on the environment the network is deployed in. 
[bookmark: _Toc422995346][bookmark: _Toc467233344]



[bookmark: _Toc422995347][bookmark: _Toc467233345]Mobile satellite service system parameters => Mobile Earth station (MES)
[bookmark: _Ref458809468]The Reference of the technical MES parameters is based on ECC report 263. The technical parameters are summary in the table 4  and table 5:
Table 4: MES terminal characteristics
	Parameter
	Unit
	Value

	Receiver tuning range
	MHz
	1518-1559 MHz

	Reference bandwidth
	kHz
	200

	Receiver noise temperature
	K
	316

	Receiver thermal noise level
	dBW
	–150.6

	Receiver thermal noise level for 200 kHz ref. BW
	dBm/200 kHz
	–120.6

	Receiver thermal noise level for 1 MHz ref. BW
	dBm/MHz
	–113.6

	Maximum antenna gain
	dBi
	See Table 5

	Polarisation
	-
	Circular

	Receiver Blocking[footnoteRef:2] [2:  Aircraft Earth Stations used for safety-related communications are subject to the standards published by the RTCA (http://www.rtca.org/). The two standards relevant to AES are: 
1)  DO-210 D:	“Minimum Operational Performance Standards For Geosynchronous Orbit Aeronautical Mobile Satellite Services (AMSS) Avionics” [10] operating in the frequency band 1530-1559 MHz;
2)  DO-262 B:	“Minimum Operational Performance Standards For Avionics Supporting Next Generation Satellite Systems (NGSS)” [11] operating in the frequency band 1518-1559 MHz.
Currently, both standards include minimum requirements related to the susceptibility of AES receivers to interference received on frequencies below the band 1530 MHz (DO-210) and 1518 MHz (DO-262B). The requirements in the RTCA standards are for receivers to operate with interference levels around –65 dBm to –55 dBm when interference occurs on a frequency just below 1518 MHz, whereas the value assumed in this study is –40 dBm, a value found by measurements performed by the FCC a number of years ago on land and maritime terminals. Terminals compliant with the baseline value would therefore be more resistant to interference. It’s assumed that new or updated RTCA standards will take into account the evolutions of the regulation framework, especially the IMT identification just below 1518 MHz.] 

	dBm
	–60 dBm (<2 MHz separation)
–52 dBm (>2 MHz and < 5 MHz separation)
–40 dBm (>5 MHz separation)

	Land MES antenna height a.g.l.
	m
	2


ETSI standard TS 101 377-5-5 applies to the "GSPS" (Global Satellite Phone Service). This defines the requirements for GMR-2 Mobile Earth Station-to-satellite terminal uplink/downlink operating in the 1500/1600 MHz bands in section 7.1 “Mobile Earth Station Blocking characteristics”. In this standard the blocking requirements are defined as –43 dBm for frequency separation between carrier frequencies greater than 1.6 MHz and –53 dBm for frequency separation between carrier frequencies between 0.8 MHz and 1.6 MHz. These requirements are based on CW blocking requirements. Laboratory tests have been conducted to examine the difference between a CW blocking signal and an LTE signal. The results in Annex 2 show that LTE signal interference power about 10 dB lower than the CW signal causes the same degradation of the MES receiver. The equivalent values for LTE blocking signals are therefore –63 dBm with 1 MHz frequency separation and –53 dBm with 3 MHz separation.
For each of the three scenarios, one “omni” or low gain antenna and one “high gain” directive antenna has been considered. These are presented in Table 5. For the high gain MES antenna, the elevation is set to 30 degrees. All antenna patterns are average sidelobe levels. Handheld terminals ("omni" antenna) would be pointing vertically.
[bookmark: _Ref458809453]






Table 5: MES maximum antenna gain for the different scenarios
	Scenario
	Type
	Value
	Antenna gain(dBi)
	Inmarsat service
	Antenna pattern

	Land
	Low gain
	dBi
	3 OMNI
	GSPS
	ECC Report 263 - Annex 3: Figure 13

	
	High gain
	dBi
	17.5 Directional
	BGAN class 1
	[bookmark: OLE_LINK52][bookmark: OLE_LINK53]ECC Report 263 - Annex 3: Figure 12

	Sea (maritime)
	Low gain
	dBi
	3 OMNI
	Inmarsat-C
	ECC Report 263 - Annex 3: Figure 13

	
	High gain
	dBi
	17.5 
Directional
	Fleet-77
	ECC Report 263 - Annex 3: Figure 11

	Air (aeronautical)
	Low gain
	dBi
	3 OMNI
	Aero-L
	ECC Report 263 - Annex 3: Figure 13

	
	High gain
	dBi
	17.5 Directional
	Aero-H
	ECC Report 263 - Annex 3: Figure 12


[bookmark: _Toc467233368]
MES directional antenna pattern with 17.5dBi maximum antenna gain:
[image: ]
[bookmark: _Ref441736562][bookmark: _Ref405558249][bookmark: _Ref405558234][bookmark: OLE_LINK93][bookmark: OLE_LINK94]Figure: BGAN Class 1 (peak gain = 17.5 dBi)


[bookmark: _Toc422995348][bookmark: _Toc467233346]

Protection criteria
[bookmark: _Toc302483357][bookmark: _Toc304749334][bookmark: _Toc321839693][bookmark: _Toc422995349][bookmark: _Toc467233347]Protection criteria for interference from IMT to MSS
Interference criteria for this scenario are not defined in ITU-R Recommendations. Several proposals for OOB emission interference criteria have been presented, ranging from –20 dB to 0.9 dB I/N for long term criteria. To proceed with the studies with a reduced range, protection criteria of I/N of –6 dB and –10 dB should be studied, noting that these OOB emission criteria are typical criteria, respectively for mobile terminals and mobile base stations.
Interference analysis was also carried out against the receiver blocking criteria in accordance with Table 6.
	Receiver Blocking[footnoteRef:3] [3:  Aircraft Earth Stations used for safety-related communications are subject to the standards published by the RTCA (http://www.rtca.org/). The two standards relevant to AES are: 
1)  DO-210 D:	“Minimum Operational Performance Standards For Geosynchronous Orbit Aeronautical Mobile Satellite Services (AMSS) Avionics” [10] operating in the frequency band 1530-1559 MHz;
2)  DO-262 B:	“Minimum Operational Performance Standards For Avionics Supporting Next Generation Satellite Systems (NGSS)” [11] operating in the frequency band 1518-1559 MHz.
Currently, both standards include minimum requirements related to the susceptibility of AES receivers to interference received on frequencies below the band 1530 MHz (DO-210) and 1518 MHz (DO-262B). The requirements in the RTCA standards are for receivers to operate with interference levels around –65 dBm to –55 dBm when interference occurs on a frequency just below 1518 MHz, whereas the value assumed in this study is –40 dBm, a value found by measurements performed by the FCC a number of years ago on land and maritime terminals. Terminals compliant with the baseline value would therefore be more resistant to interference. It’s assumed that new or updated RTCA standards will take into account the evolutions of the regulation framework, especially the IMT identification just below 1518 MHz.] 

	dBm
	–60 dBm (<2 MHz separation)
–52 dBm (>2 MHz and < 5 MHz separation)
–40 dBm (>5 MHz separation)



[bookmark: _Toc422995350][bookmark: _Toc467233348]Compatibility scenarios
[bookmark: _Toc422995351][bookmark: _Toc467233349]Scenarios
Impact of IMT terminal unwanted emission on MES receiver in land environment;
Blocking of MSS receivers from the wanted emission of the IMT terminal station in land environment;
[bookmark: _Toc422995352][bookmark: _Toc467233350]Propagation models and environments
[bookmark: _Toc422995353][bookmark: _Toc467233351]Land
Rural case - Recommendation ITU-R P.1812-4 for clutter height 10 m;
Suburban case - Recommendation ITU-R P.1546-5;
Urban case - Recommendation ITU-R P.1546-5.
All of these scenarios are carried out with 50% location variability and 50% time percentage.
Annex 4 of ECC report 263 contains a short description of the considerations that has gone into the selection of propagation models and the associated clutter height.
[bookmark: _Toc422995356][bookmark: _Ref462245300][bookmark: _Toc467233354]

Methodology
[bookmark: _Toc467233356]Statistical analysis
Monte Carlo simulations have been developed to supplement the information available from the Minimum Coupling Loss calculations and to provide information about how much the risk of interference is to MES when both the interferer and the victim system are operating under as close to normal conditions as possible. In the following analysis, probabilistic simulations over a general area of IMT coverage are performed from a limited simulation area covered by seven 3-sector IMT Base Station sites, which has been simulated for cell radius of 0.5 km, 1 km and 5 km respectively for the different environments. For the land based simulation the IMT UEs transmit in all sectors and the service hexagons have been populated with MESs that are monitored for interference. The MESs are strictly limited to move within the assigned hexagon such that the model is equivalent to a full network. 
The simulations investigate scenarios where IMT is deployed in urban areas and also for the less likely case where it may be deployed in suburban or even rural areas. Normal clutter is used for the three environments. Frequency separations of 1 MHz, 3 MHz and 6 MHz are included. 

Simulation results

[bookmark: OLE_LINK106][bookmark: OLE_LINK107]In this section, we provided the simulation results, which present necessary power back off relative to 23dBm for meeting the emission limit to protect the MSS band (1518-1559MHz).

Area impact on MES interference
The study results below contain an extension to the MCL. It covers an artificial situation where the MES is always allocated the 1st adjacent channel above the frequency separations (1 MHz, 3 MHz or 6 MHz), but moves randomly around in the area of IMT coverage.


Land based MES
Table 2: Area and frequency analysis results of interference from the IMT UEs OOBE into MSS in % probability (Land), normal environment
	Adjacent emission level above 1520MHz
	MES antenna gain (dBi)
	I/N (dB)
	Non-Interference probability (%)

	
	
	
	Rural
	Suburban
	Urban (P.1546 model)

	
	
	
	(P.1812 model,10 m clutter)
	(P.1546 model)
	

	-10dBm/MHz
	3
	-6
	100
	98.2
	93.5

	
	
	-10
	100
	96.8
	88.6

	
	17.5
	-6
	100
	>98.2
	>93.5

	
	
	-10
	100
	>96.8
	>88.6

	-20dBm/MHz
	3
	-6
	100
	99.5
	98

	
	
	-10
	100
	99.1
	96.5

	
	17.5
	-6
	100
	>99.5
	>98

	
	
	-10
	100
	>99.1
	>96.5

	-30dBm/MHz
	3
	-6
	100
	100
	99.1

	
	
	-10
	100
	99.9
	98.6

	
	17.5
	-6
	100
	100
	>99.1

	
	
	-10
	100
	>99.9
	>98.6



Table 3: Area analysis results of MES susceptibility to blocking from IMT transmitters, MES at a fixed frequency adjacent to frequency separation, in % interference probability (Land), normal environment, and average IMT UE power
	Frequency separation Δf (MHz) 
	MES antenna gain (dBi) 
	Blocking level (dBm) 
	Non-Interference probability (%) 

	
	
	
	Rural
(P.1812 10 m clutter) 2dBm/10MHz average power 
	Suburban
P.1546 -9dBm/10MHz average power 
	Urban
P.1546 -9dBm/10MHz average power 

	1 
	3 
	-60 
	100 
	100 
	100 

	
	17.5 
	
	100 
	100 
	100 

	3 
	3 
	-52 
	100 
	100 
	100 

	
	17.5 
	
	100 
	100 
	100 

	6 
	3 
	-40 
	100 
	100 
	100 

	
	17.5 
	
	100 
	100 
	100 



Observations:
· About the OOBE of IMT terminal evaluation:
Based on ECC report 263, protection criteria of I/N is –6 dB should be studied as typical OOB emission criteria for mobile terminals. As can be seen in Table 2, the green highlighted results.
In order to protect 93% MES, -10dBm/MHz IMT terminal OOBE level should be satisfied.
In order to protect 98% MES, -20dBm/MHz IMT terminal OOBE level should be satisfied.
In order to protect 99% MES, -30dBm/MHz IMT terminal OOBE level should be satisfied.
· About the blocking level of MES evaluation
All the evaluation results can satisfy the requirement of MES

[bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK132]

Conclusion
As agree during the last 3GPP RAN 4 meeting, in the case of the TDD L-Band, UE emission (OOB) should be defined:
To protect MSS, need further studies and to take a decision about the level to protect MSS at the next RAN4 meeting. 
Two compatibility studies are been done:
· Blocking => the study demonstrated that there is no blocking issue
· Monte Carlo simulations => Based on ECC report 263, protection criteria of I/N is –6 dB should be studied as typical OOB emission criteria for mobile terminals. 
· It is also noted that in the Monte Carlo study the body loss has not taking into account, thus, the results are more pessimists than the reality. 
· Summary of the Monte Carlo study:
	Analyze

	Adjacent emission levels
	No-Interference probability (%)

	-10dBm/MHz
	I/N=-6dB
	93.5

	
	I/N=-10dB
	88.6

	-20dBm/MHz
	I/N=-6dB
	98

	
	I/N=-10dB
	96.5

	-30dBm/MHz
	I/N=-6dB
	99.1

	
	I/N=-10dB
	98.6








Thus, based on the compatibility study, it is proposed:

Proposal 1: Study the A-MPR implementation for different MSS protection levels as described in the table below: 
	Separation frequency between IMT/LTE and MSS
	Protected frequency range 
	 Protection level

	[bookmark: OLE_LINK155][bookmark: OLE_LINK158][bookmark: _Hlk481510147]1 MHz 
(1517-1518MHz)
	1518-1559 MHz
	-30dBm/MHz



Proposal 2: Add in the TR [1], the TDD LTE UP / MSS compatibility study.
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