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1 Introduction

A Study Item for Indoor Positioning Enhancements for UTRA and LTE was approved at RAN#64 [1] and modified at RAN#65 [2].  RAN1 is the lead Working Group, with support from other WGs including RAN4. The objectives for addressing in RAN4#75 include studying coexistence issues if applicable for any identified positioning scheme.  
Terrestrial Beacon Systems (TBSs) are one of the technologies being studied in the Indoor Positioning Study Item. This contribution is a discussion document for coexistence between TBS and 3GPP systems.  
2 Discussion 
Spurious emissions limits for E-UTRA BS for co-existence with systems operating in other frequency bands can be found Table 6.6.4.3.1-1 of TS 36.104 [4]. Likewise, spurious emissions limits for Wide Area BS co-located with another BS can be found in Table 6.6.4.4.1-1 of TS 36.104 [4].  
As an example, the 3GPP bands that are currently allocated in the US are shown in Table 1.

	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	2
	1850 MHz 
	–
	1910 MHz
	1930 MHz 
	–
	1990 MHz
	FDD

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz 
	–
	2155 MHz
	FDD

	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	FDD

	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	FDD

	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	FDD

	14
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	FDD

	17
	704 MHz 
	–
	716 MHz
	734 MHz
	–
	746 MHz
	FDD

	23
	2000 MHz
	–
	2020 MHz
	2180 MHz
	–
	2200 MHz
	FDD

	24
	1626.5 MHz
	–
	1660.5 MHz
	1525 MHz
	–
	1559 MHz
	FDD

	25
	1850 MHz
	–
	1915  MHz
	1930 MHz
	–
	1995 MHz
	FDD

	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	FDD

	29
	N/A
	717 MHz
	–
	728 MHz
	FDD
(NOTE 2)

	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	FDD

	41
	2496 MHz 
	–
	2690 MHz
	2496 MHz 
	–
	2690 MHz
	TDD


Table 1 3GPP Bands allocated in the US
To protect these bands, the following spurious emissions limits from TS 36.104 Table 6.6.4.3.1-1 are shown in Table 2.
	System type for E-UTRA to co-exist with
	Frequency range for co-existence requirement
	Maximum Level
	Measurement Bandwidth
	Note

	PCS1900
	1930 ‑ 1990 MHz

	-47 dBm
	100 kHz
	This requirement does not apply to E-UTRA BS operating in band 2,band 25 or band 36.  

	
	1850 ‑ 1910 MHz

	-61 dBm
	100 kHz
	This requirement does not apply to E-UTRA BS operating in band 2 or 25, since it is already covered by the requirement in sub-clause 6.6.4.2.  This requirement does not apply to E-UTRA BS operating in band 35.

	GSM850 or CDMA850
	869 - 894 MHz
	-57 dBm
	100 kHz
	This requirement does not apply to E-UTRA BS operating in band 5 or 26. This requirement applies to E-UTRA BS operating in Band 27 for the frequency range 879-894 MHz.

	
	824 ‑ 849 MHz
	-61 dBm
	100 kHz
	This requirement does not apply to E-UTRA BS operating in band 5 or 26, since it is already covered by the requirement in sub-clause 6.6.4.2.  For E‑UTRA BS operating in Band 27, it applies 3 MHz below the Band 27 downlink operating band.

	UTRA FDD Band II or 

E-UTRA Band 2
	1930 - 1990 MHz

	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 2 or 25.  

	
	1850 - 1910 MHz

	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 2 or 25, since it is already covered by the requirement in sub-clause 6.6.4.2

	UTRA FDD Band IV or 

E-UTRA Band 4
	2110 - 2155 MHz
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 4 or 10

	
	1710 - 1755 MHz
	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 4 or 10, since it is already covered by the requirement in sub-clause 6.6.4.2.

	UTRA FDD Band V or 

E-UTRA Band 5
	869 - 894 MHz
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 5 or 26. This requirement applies to E-UTRA BS operating in Band 27 for the frequency range 879-894 MHz.

	
	824 - 849 MHz
	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 5 or 26, since it is already covered by the requirement in sub-clause 6.6.4.2.  For E‑UTRA BS operating in Band 27, it applies 3 MHz below the Band 27 downlink operating band.

	UTRA FDD Band X or 

E-UTRA Band 10
	2110 - 2170 MHz
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 4 or 10

	
	1710 - 1770 MHz
	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 10, since it is already covered by the requirement in sub-clause 6.6.4.2. For E-UTRA BS operating in Band 4, it applies for 1755 MHz to 1770 MHz, while the rest is covered in sub-clause 6.6.4.2.

	UTRA FDD Band XII or 

E-UTRA Band 12
	729 - 746 MHz
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 12.

	
	699 - 716 MHz
	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 12, since it is already covered by the requirement in sub-clause 6.6.4.2. For E‑UTRA BS operating in Band 29, it applies 1 MHz below the Band 29 downlink operating band (Note 6).

	UTRA FDD Band XIII or 

E-UTRA Band 13
	746 - 756 MHz
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 13.

	
	777 - 787 MHz
	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 13, since it is already covered by the requirement in sub-clause 6.6.4.2.

	UTRA FDD Band XIV or 

E-UTRA Band 14
	758 - 768 MHz
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 14.

	
	788 - 798 MHz
	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 14, since it is already covered by the requirement in sub-clause 6.6.4.2.

	 E-UTRA Band 17
	734 - 746 MHz
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 17.

	
	704 - 716 MHz
	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 17, since it is already covered by the requirement in subclause 6.6.4.2. For E‑UTRA BS operating in Band 29, it applies 1 MHz below the Band 29 downlink operating band (Note 6).

	E-UTRA Band 23
	2180 ‑ 2200 MHz
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 23. 

	
	2000 - 2020 MHz
	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 23, since it is already covered by the requirement in subclause 6.6.4.2. This requirement does not apply to BS operating in Bands 2 or 25, where the limits are defined separately.

	
	2000 – 2010 MHz
	-30 dBm
	1 MHz
	This requirement only applies to E-UTRA BS operating in Band 2 or Band 25.  This requirement applies starting 5 MHz above the Band 25 downlink operating band. (Note 4)

	
	2010 – 2020 MHz
	-49 dBm
	1 MHz
	

	E-UTRA Band 24
	1525 – 1559 MHz
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 24.

	
	1626.5 – 1660.5 MHz
	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 24, since it is already covered by the requirement in subclause 6.6.4.2.

	UTRA FDD Band XXV or 

E-UTRA Band 25
	1930 – 1995 MHz
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 2 or 25

	
	1850 – 1915 MHz
	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 25, since it is already covered by the requirement in subclause 6.6.4.2. For E-UTRA BS operating in Band 2, it applies for 1910 MHz to 1915 MHz, while the rest is covered in sub-clause 6.6.4.2

	UTRA FDD Band XXVI or 

E-UTRA Band 26
	859 – 894 MHz
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 5 or 26. This requirement applies to E-UTRA BS operating in Band 27 for the frequency range 879-894 MHz.

	
	814 – 849 MHz
	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 26, since it is already covered by the requirement in subclause 6.6.4.2. For E-UTRA BS operating in Band 5, it applies for 814 MHz to 824 MHz, while the rest is covered in sub-clause 6.6.4.2.  For E‑UTRA BS operating in Band 27, it applies 3 MHz below the Band 27 downlink operating band.

	E-UTRA Band 29
	717 – 728 MHz
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in Band 29.

	E-UTRA Band 30
	2350 – 2360 MHz
	-52 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 30 or 40.

	
	2305 – 2315 MHz
	-49 dBm
	1 MHz
	This requirement does not apply to E-UTRA BS operating in band 30, since it is already covered by the requirement in subclause 6.6.4.2. This requirement does not apply to E-UTRA BS operating in Band 40.

	E-UTRA Band 41
	2496 - 2690 MHz
	-52 dBm
	1 MHz
	This is not applicable to E-UTRA BS operating in Band 41.


Table 2 BS Spurious Emission limits for E-UTRA BS for co-existence with Systems operating in other US frequency bands
And the following spurious emission limits which apply to BS that are co-located with another 3GPP BS in the US from TS 36.104 Table 6.6.4.4.1-1. are shown in Table 3:
	Type of co-located BS
	Frequency range for co-location requirement
	Maximum Level
	Measurement Bandwidth
	Note

	Macro PCS1900
	1850 - 1910 MHz
	-98 dBm
	100 kHz
	

	Macro GSM850 or CDMA850
	824 - 849 MHz
	-98 dBm
	100 kHz
	

	WA UTRA FDD Band II or E-UTRA Band 2
	1850 - 1910 MHz

	-96 dBm
	100 kHz
	

	WA UTRA FDD Band IV or E-UTRA Band 4
	1710 - 1755 MHz
	-96 dBm
	100 kHz
	

	WA UTRA FDD Band V or E-UTRA Band 5
	824 - 849 MHz
	-96 dBm
	100 kHz
	

	WA UTRA FDD Band X or E-UTRA Band 10
	1710 - 1770 MHz
	-96 dBm
	100 kHz
	

	WA UTRA FDD Band XII or 

E-UTRA Band 12
	699 - 716 MHz
	-96 dBm
	100 kHz
	

	WA UTRA FDD Band XIII or 

E-UTRA Band 13
	777 - 787 MHz
	-96 dBm
	100 kHz
	

	WA UTRA FDD Band XIV or 

E-UTRA Band 14
	788 - 798 MHz
	-96 dBm
	100 kHz
	

	WA E-UTRA Band 17
	704 - 716 MHz
	-96 dBm
	100 kHz
	

	WA E-UTRA Band 23
	2000 - 2020 MHz
	-96 dBm
	100 kHz
	

	WA E-UTRA Band 24
	1626.5 – 1660.5 MHz
	-96 dBm
	100 kHz
	

	WA UTRA FDD Band XXV or 

E-UTRA Band 25
	1850 – 1915 MHz
	-96 dBm
	100 kHz
	

	WA UTRA FDD Band XXVI or 

E-UTRA Band 26
	814 – 849 MHz
	-96 dBm
	100 kHz
	

	WA E-UTRA Band 30
	2305 – 2315 MHz 
	-96 dBm
	100 kHz
	This is not applicable to E-UTRA BS operating in Band 40

	WA E-UTRA Band 41
	2496 – 2690 MHz
	-96 dBm
	100 kHz
	This is not applicable to E-UTRA BS operating in Band 41


Table 3 BS Spurious emissions limits for Wide Area BS co-located with another BS in the US
Non-RAT based technologies do not typically guarantee that OOB emissions in 3GPP bands are below the 3GPP specified levels.  However, to ensure coexistence between Terrestrial Beacon Systems and 3GPP networks, Terrestrial Beacon System transmitters should provide the same level of protection for cellular bands that are deployed in the same geographic area as 3GPP base stations do.
Proposal 1: Terrestrial Beacon Systems should provide the same level of protection for 3GPP bands that are deployed in the same geographic area as defined in TS 36.104 Table 6.6.4.3.1-1 and Table 6.6.4.4.1-1.
Since 3GPP requirements generally do not apply to non-RAT based technologies, the Indoor Positioning Study Item should document that terrestrial Beacon systems should provide 3GPP level protection to 3GPP bands.
Proposal-2: RAN4 should approve a text Proposal for TR 37.857 that documents that Terrestrial Beacon Systems shall provide 3GPP levels of protection to 3GPP bands.  
US MLMS band coexistence

NextNav has a spectrum license for Multilateration Location and Monitoring Service (MLMS) operation in the US that covers 919.75-927.75 MHz.
Proposal-3: RAN4 should approve a Text Proposal for TR37.857 that lists the US MLMS licensed band as an example of a non-RAT based technology that will need to provide consistent protection to 3GPP bands as 3GPP base stations do in the same geographic area.
3 Conclusion
In summary, RAN4 should adopt the following two proposals:
Proposal 1: Terrestrial Beacon Systems should provide the same level of protection for 3GPP band that are deployed in the same geographic area as defined in TS 36.104 Table 6.6.4.3.1-1 and Table 6.6.4.4.1-1.
Proposal-2: RAN4 should approve a text Proposal for TR 37.857 that documents that Terrestrial Beacon Systems shall provide 3GPP levels of protection to 3GPP bands.  
Proposal-3: RAN4 should approve a Text Proposal for TR37.857 that lists the US MLMS licensed band as an example of a non-RAT based technology that will need to provide consistent protection to 3GPP bands as 3GPP base stations do in the same geographic area.
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