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1 Background
In-device coexistence between E-UTRA and GPS is considered in an ongoing study in RAN2. Solutions like TDM and other coordination between radios within a device can be considered. However, for inter-device coexistence, there are no obvious means for coordination between an aggressor E-UTRA transmitter and a victim GPS/Compass receiver in another device. For APAC 700 the second harmonics of the transmitter falls in one of the receive bands for GPS, Compass and Galileo and can create harmful interference to other devices. Therefore we propose that an appropriate emission limit is introduced in the 3GPP specifications to reduce the risk of harmful interference between devices, similar to the FCC L-band emission limit for protection of RNSS (Radio Navigation Satellite Services).
2 Protected range for GPS, Compass/Beidou-2 and Galileo
The second harmonics of APT700 TDD UE(s) transmissions may overlap with navigation signals in the allocated in the frequency range 1559-1610 MHz (Radio Navigation Satellite and Aeronautical Radio Navigation). In particular, for Compass/BeiDou-2, we have the
1. E2 signal centered at 1561.098 MHz with 2.046 Mchip/s rate

2. E1 signal centered at 1589.74 MHz with 2.046 Mchip/s rate
These signals cover the band 1559.052~1591.788 MHz and are part of a set of signals (also in other bands) intended for both civilian and military use. For GPS we have the

1. L1 signal centered at 1575.42 MHz for the civilian L1C code and the M-code (10.23 Mchip/s)
The Galileo signals in the range overlap with Beidou-2 and GPS and are also denoted E2-L1-E1. These are used for both Open Services (OS) and Public Regulated Services (PRS) available to authorized users by government for e.g. emergency services. 
To ensure protection of the use cases above the protected range is proposed as 1559-1592 MHz, hence a 33 MHz stop-band. 
3 Proposed limit for protection for inter-device coexistence

The GPS, Compass and Galileo signals are all of CDMA type. For assessing the impact of APT700 capable UE(s) aggressor on a GPS/Compass equipped victim we therefore consider the raise of the thermal noise at the victim receiver. Assuming a 9 dB noise factor, the thermal noise level is
-174 dB[mW/Hz] + 60 dBHz + 9 dB = -105 dBm/MHz.
With a 50 dB coupling loss between the aggressor and device at a small separation (order of meter), a APT700 UE emission level in the band 1559-1592 MHz of
-105 dBm/MHz + 50 dB = -55 dBm/MHz

would correspond to a 3 dB desensitization of the victim, roughly. 

From a filtering perspective, a minimum rejection of 30 dB (40 dB typically) of the E-UTRA aggressor signal around 1570 MHz is possible to design according to provisional information from a filter vendor, this at the expense of design flexibility for other stop-band requirements and an IL penalty for the APT700 TDD passband. Given an assumed 30-40 dB attenuation of the 2nd harmonic, a protection level of 
· -50 dBm/MHz in 1559-1592 MHz 
appears feasible. This would correspond to a desensitization of the RNSS receiver of about 10 dB, and represents a compromise between protection and aggressor penalty. To accommodate the increased IL a modification of the lower tolerance of the MOP for the APT700 TDD band should be allowed: tentatively +23 dBm +2/[-3] dB for power class 3. 
Comparing to the FCC limits for protection of radio navigation services (RNSS including GPS) from L-band emissions consistent with FCC’s ATC rules, we note the following:
· wideband emissions (averaged over any 2 millisecond active transmission interval)
· 1559 – 1605 MHz:  -60 dBm/MHz EIRP, after 5 years: -65 dBm/MHz EIRP
for maximum power +23 (+/- 2) dBm. The -50 dBm/MHz conductive limit proposed above is of the same order of magnitude as the FCC limit, and would correspond to less than -50 dBm/MHz TRP but could be larger than -50 dBm/MHz radiated power intensity in certain directions (e.g. of maximum antenna gain). 
4 Proposal
For APT700 TDD, we propose that

· a spurious emissions requirement of -50 dBm/MHz is specified for protection of the range 1559-1592 MHz

in order to decrease the risk of harmful interference to other devices supporting RNSS (GPS/Compass). In-device coexistence is not considered. 
The changes to the specification look like in the following (other protected bands and ranges not shown), a CR is provided in [1].
Table 6.6.3.2-1: Requirements

	E-UTRA  Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Note

	1
	E-UTRA Band 1, 7, 8, 11, 20, 21, 22, 26, 38, 40, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 3, 9, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA band 33
	FDL_low 
	- 
	FDL_high
	-50
	1
	3

	
	E-UTRA band 39
	FDL_low 
	- 
	FDL_high
	-50
	1
	3

	
	Frequency range
	860
	-
	895
	-50
	1
	

	
	Frequency range 
	1884.5
	-
	1919.6
	-41
	0.3
	6, 7, 15

	
	
	1884.5
	-
	1915.7
	
	
	6, 8, 15

	…
	
	
	
	
	
	
	

	38
	E-UTRA Band 1,3, 8, 20, 22, 33, 34, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 7
	FDL_low 
	- 
	FDL_high
	-50
	1
	3

	39
	E-UTRA Band 22, 34, 40, 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	40
	E-UTRA Band 1, 3, 22, 26, 33, 34, 39, 42, 43 
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	41
	E-UTRA Band 2, 4, 5, 10, 12, 13 , 14, 17, 23, 24, 25, 26
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	42
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 20, 25, 26, 33, 34, 38, 40


	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	3

	43
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 20, 25, 26, 33, 34, 38, 40
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	3

	
	E-UTRA Band 22
	FDL_low 
	- 
	FDL_high
	[-50]
	[1]
	3

	44
	Frequency range
	1559
	-
	1592
	-50
	1
	

	NOTE 1:
FDL_low and FDL_high refer to each E-UTRA frequency band specified in Table 5.5-1

NOTE 2:
As exceptions, measurements with a level up to the applicable requirements defined in Table 6.6.3.1-2 are permitted for each assigned E-UTRA carrier used in the measurement due to 2nd, 3rd or 4th harmonic spurious emissions. An exception is allowed if there is at least one individual RB within the transmission bandwidth (see Figure 5.6-1) for which the 2nd, 3rd or 4th harmonic totally or partially overlaps the measurement bandwidth (MBW).

NOTE 3:
To meet these requirements some restriction will be needed for either the operating band or protected band

NOTE 4:
N/A

NOTE 5:
For non synchronised TDD operation to meet these requirements some restriction will be needed for either the operating band or protected band

NOTE 6:
Applicable when NS_05 in section 6.6.3.3.1 is signalled by the network.

NOTE 7:
Applicable when co-existence with PHS system operating in 1884.5
-1919.6MHz. 

NOTE 8:
Applicable when co-existence with PHS system operating in 1884.5 -1915.7MHz.

NOTE 9:
Applicable when NS_08 in section 6.6.3.3.3 is signalled by the network

NOTE 10:
Applicable when NS_09 in section 6.6.3.3.4 is signalled by the network

NOTE 11:
Whether the applicable frequency range should be 793-805MHz instead of 799-805MHz is TBD 

NOTE 12:
The emissions measurement shall be sufficiently power averaged to ensure a standard deviation < 0.5 dB 

NOTE 13:
Applicable when the assigned E-UTRA UL operating channel is ≥1749.9MHz and ≤ 1784.9MHz.

NOTE 14:
To meet this requirement NS_11 value shall be signalled when operating in 2000-2010 MHz
NOTE 15:
These requirements also apply for the frequency ranges that are less than ΔfOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-1 from the edge of the channel bandwidth.
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