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1. Introduction
In this contribution, the impacts of EUTRA UL transmission on the simultaneous GPS at Band XIII for UE with simultaneous GPS capability are discussed. The key elements of GPS de-sense due to band XIII UL transmission are the side lobe of 2nd harmonic components of band XIII UL signal and the main lobe of the 2nd harmonic components. The large RB counts in UL transmission will pose a larger side lobe contribution to GPS receiver due to their wide side lobe as shown in the figure 1-1(a). The small RB counts (higher spectral density) in UL transmission on the other hands, will pose a larger aliasing in the quantization process after the analogue low pass filter of GPS receiver.
Our results show that single RB on the worst channel edge or PUCCH transmission case causes the largest GPS de-sense. The 2nd harmonic of this PUCCH on the worst channel edge falls at 1573 MHz which is only 2 MHz apart from the GPS band edge. Unless this high spectral density interferer is rejected further below the noise floor by the GPS base band filter the residual interfering power would be aliased into GPS in band. Further more, this high interferer would generate inter-modulation components on the other side of the GPS band. But, these effects are not considered in our analysis.
The PUCCH issues have been reported at the previous RAN4 meetings, for adjacent UL/DL co-existence scenario [1-2]. In such scenario the PUCCH and LO leakage would produce the largest interference to the adjacent DL channel for some bands where sufficient guard band could not be achieved. The one of the possible mitigation method is to allow PUCCH being relocated away from the edge of the channel with a certain amount of RB offset through symmetric or asymmetric over-dimensioning. 
This contribution is to provide information to RAN4 how PUCCH over dimensioning could reduce the GPS de-sense caused by PUCCH. 
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Figure 1 -1 GPS de-sense scenario in EUTRA band XIII

2. Analysis of GPS de-sense
2-1. Key assumptions for GPS analysis
The more conservative assumptions for RF front-end configuration are the single EUTRA band assumption. There are three different working assumptions which determine the overall isolation between the UE’s EUTRA transmitter and GPS receiver.

The ordinary LPF can suppress the 2nd harmonic of PA by 20 dB with 0.5 dB of insertion loss. The duplexer has 35 dB of isolation with 3 dB insertion loss. The ANT isolation is assumed to 20 dB.
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· Separate antennas for GPS and LTE

· Single EUTRA band support
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Table 2-1. Simultaneous GPS analysis simulation assumption
	Working assumptions

	GPS receiver loss
	3 dB

	GPS receiver bandwidth
	1 MHz

	2nd harmonic rejection of Duplexer
	35 dB

	2nd harmonic rejection LPF
	20 dB

	GPS noise floor
	-111 dBm / 1MHz

	2nd harmonic suppression ratio of PA
	-35 dBc

	GPS base band filter rejection at band edge
	30/35/40 dB

	MCL
	20 dB

	Pout
	22 dBm (1 dB MPR)


2-2. GPS de-sense equation
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Eq (1)
The equation (1) for GPS de-sense calculation
There are three terms in the numerator. The first term is noise floor of the GPS receiver of which noise figure is assumed as 3 dB. The second term is the side lobe effect of the band XIII 2nd harmonic. The side lobe could be expressed with ACLR2f, the second harmonic ACLR which is defined as the ratio between the main lobe and the side lobe of the second harmonic signal measured over GPS bandwidth as depicted on the right side. The last term is the main lobe effect of the band XIII 2nd harmonic. The idea of this equation is to take into account for the main lobe and side lobe effect simultaneously. 
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The one important parameter need to be confirmed by GPS receiver vendor is the GPS base band filter rejection expressed as         .
In the following pages, we calculated the GPS de-sense with different assumptions for the        .
3. Analysis results of GPS de-sense
3-1. Impact of base band filter rejection on GPS de-sense
In this section, the GPS de-sense analysis results based on Eq (1) and assumptions defined in the section 2 are described. RB configurations and MPR are varied together with the base band filter rejections of GPS receiver. Once the isolation between GPS receiver and EUTRA transmitter is determined by the RF front end design and component characteristics, the GPS de-sense is mostly determined by the rejection characteristics of the baseband filter of GPS receiver because out of band noise of GPS receiver could only be rejected by this filter.
The GPS baseband filter rejection is assumed to 30 dB at the GPS band edge for worst case. The corresponding GPS de-sense results are shown in the table 3-1. Single RB cases (PUCCH) for all MPR options do not allow the simultaneous GPS and larger #RB cases require 1~2 dB of additional MPR for simultaneous GPS operation. 
If the baseband filter rejection is enhanced by 5 dB, the overall GPS de-sense is reduced however single RB or PUCCH case still require 4 dB of MPR and RB counts from 20 to 50 require 1 dB of MPR for simultaneous GPS operation. Such enhancement of GPS baseband filter rejection could be achieved when the location of RBs are shifted from the worst channel edge so that the 2nd harmonic of allocated RBs are moved away from GPS band where the baseband filter rejection is higher than GPS band edge. 

If the baseband filter rejection is enhanced by 10 dB, the overall GPS de-sense is reduced so the single RB or PUCCH case is allowed to transmit at its maximum output power and RB counts from 20 to 50 require 1 dB of MPR for simultaneous GPS operation because the GPS baseband filter can not reject the in band noise. 

The relationship between the amount of shift of RB allocation and the resultant enhancement of GPS baseband filter rejection is not available at this moment.

Table 3-1. GPS de-sense for abb = 30 dB
	Pout (dBm)
	De-sense_1RB
	De-sense_6RB
	De-sense_15RB
	De-sense_20RB
	De-sense_25RB
	De-sense_50RB

	23
	3.3 
	0.5 
	-
	-
	-
	-

	22
	2.8 
	0.3 
	0.3 
	0.5 
	0.5 
	0.6 

	21
	2.3 
	0.2 
	0.1 
	0.3 
	0.3 
	0.4 

	20
	1.8 
	0.0 
	0.1 
	0.1 
	0.1 
	0.2 

	19
	1.5 
	-0.1 
	0.0 
	0.0 
	0.0 
	0.0 

	18
	1.1 
	-0.1 
	-0.1 
	-0.1 
	-0.1 
	-0.1 

	17
	0.8 
	-0.2 
	-0.3 
	-0.2 
	-0.2 
	-0.1 

	16
	0.6 
	-0.3 
	-0.3 
	-0.3 
	-0.3 
	-0.2 

	15
	0.4 
	-0.3 
	-0.3 
	-0.3 
	-0.3 
	-0.3 


Table 3-2. GPS de-sense for abb = 35 dB
	Pout (dBm)
	De-sense_1RB
	De-sense_6RB
	De-sense_15RB
	De-sense_20RB
	De-sense_25RB
	De-sense_50RB

	23
	1.2 
	-0.1 
	-
	-
	-
	-

	22
	0.9 
	-0.2 
	0.1 
	0.3 
	0.4 
	0.5 

	21
	0.6 
	-0.2 
	0.0 
	0.2 
	0.2 
	0.3 

	20
	0.4 
	-0.3 
	-0.1 
	0.0 
	0.1 
	0.1 

	19
	0.2 
	-0.3 
	-0.1 
	-0.1 
	-0.1 
	0.0 

	18
	0.1 
	-0.4 
	-0.2 
	-0.2 
	-0.1 
	-0.1 

	17
	0.0 
	-0.4 
	-0.3 
	-0.2 
	-0.2 
	-0.2 

	16
	-0.1 
	-0.4 
	-0.3 
	-0.3 
	-0.3 
	-0.2 

	15
	-0.2 
	-0.4 
	-0.4 
	-0.3 
	-0.3 
	-0.3 


Table 3-3. GPS de-sense for abb = 40 dB
	Pout (dBm)
	De-sense_1RB
	De-sense_6RB
	De-sense_15RB
	De-sense_20RB
	De-sense_25RB
	De-sense_50RB

	23
	0.1 
	-0.3 
	-
	-
	-
	-

	22
	0.0 
	-0.3 
	0.0 
	0.3 
	0.4 
	0.5 

	21
	-0.1 
	-0.4 
	-0.1 
	0.1 
	0.2 
	0.3 

	20
	-0.1 
	-0.4 
	-0.1 
	0.0 
	0.0 
	0.1 

	19
	-0.2 
	-0.4 
	-0.1 
	-0.1 
	-0.1 
	0.0 

	18
	-0.3 
	-0.4 
	-0.3 
	-0.2 
	-0.1 
	-0.1 

	17
	-0.3 
	-0.4 
	-0.4 
	-0.3 
	-0.2 
	-0.2 

	16
	-0.3 
	-0.4 
	-0.4 
	-0.3 
	-0.3 
	-0.2 

	15
	-0.4 
	-0.4 
	-0.4 
	-0.3 
	-0.3 
	-0.3 


4. Conclusion
In this document, GPS de-sense by EUTRA UL transmission at band XIII is analyzed. Only the coexistence issue in a single EUTRA UE with simultaneous GPS capability is considered. To provide the simultaneous GPS capability in such EUTRA UE, it is very important to achieve the GPS baseband filter rejection sufficiently and to avoid allocating the PUCCH at the worst channel edge because the rejection characteristics are proportional to the frequency offset form he GPS band. 

A further clarification on the GPS baseband filter rejection characteristics as a function of frequency offset needs to be done by GPS receiver manufacture to determine the amount of RB offset required to achieve the sufficient rejection. 

Finally we propose the following mitigation guidelines for simultaneous GPS at band XIII.
· Separate antenna configuration assumption for GPS receiver and EURA band XIII transmitter.

· Additional 0.5 dB of post power amplifier loss need to be considered for low pass filter to suppress the 2nd harmonic.
· PUCCH at the worst channel edge is not allowed for when the GPS baseband filter rejection is not sufficient. i.e., 30 dB.
· PUCCH over-dimensioning need to be considered to avoid allocation the PUCCH at the worst channel edge

· Maximum output power is allowed up to 15 RB for PUSCH for when the additional GPS baseband filter rejection is achieved by restricting the location of RB.
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