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1. Introduction 

At RAN4#48b, [1] was submitted discussing the impacts of Band 13 UE UL transmission on simultaneous GPS operation. Mitigation guidelines were proposed for enabling LTE and GPS coexistence in the same device.  In this contribution we provide our view regarding the proposals made. 
2. Discussion
The main contributors for GPS desensitization were identified as spectral re-growth around the 2nd harmonic, in the case of wide band LTE UL allocation, and insufficient baseband filtering in the case of narrow band LTE UL allocations close to the upper Band 13 channel edge. 

We believe that the targeted GPS desensitization of 3dB assumed in [1] does not provide sufficient protection for the GPS receiver.  In our analysis, we have been using a 0.2dB allowed desensitization, which limits the total interference to -124 dBm/MHz, when a 3dB GPS receiver noise figure is assumed.  This is a 13dB lower noise limit than what was assumed in [1].  

On the other hand, in our opinion some of the assumptions described in [1] were somewhat conservative.  An example is the assumed GPS receiver baseband rejection capability.   We believe that a minimum of 35dB baseband rejection would be possible.  
Based on our analysis, the PUCCH or single RB PUSCH transmission may not be a limiting factor; however, the level of interference received from the sidelobes of the 2nd harmonic in the case of a wide band allocation showed as a considerable noise source.  Note that the GPS receiver cannot alleviate this with any filtering, since the sidelobe already overlaps with the GPS signal’s bandwidth.  
Assuming a 50RB UL allocation, the occupied BW in Band 13 spans from 1554.5 MHz to 1573.5 MHz.  The GPS L1 center frequency is at 1575.42 MHz, with a signal BW of 1.023 MHz.  This gives an effective guardband of 1.4085 MHz. 

The power spectrum of the 2nd harmonic is shown in Figure 1 below.  Note that the power levels shown are not indicative of the absolute power, they were normalized to give 0dB integrated power for the main lobe of the second harmonic.  
Since the power level falling in the GPS band can be read as about -87dB/Hz, the ACLR2f value can be estimated as -27dBc/MHz.  Of course, this can vary depending on actual RF components. 

Further analysis shows that without additional measures, such as extra filtering after the PA, the required isolation to achieve the target noise level cannot be achieved.  Therefore extra filtering is required to avoid GPS receiver desensitization simultaneously with a wideband LTE UL allocation in Band 13.   
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Figure 1  2nd Harmonic Band 13 LTE Emissions with relations to the GPS L1 Band

Since the impact of implementation complexity of such additional filtering is not well understood, we propose considering the adoption of signaling provisions, where the UE can indicate to the eNB that it is / will be making GPS measurements, therefore the eNB should restrict UL scheduling to allocations not interfering with GPS reception.  For example, any allocation up to 5 MHz BW in the lower half of the Band 13 UL would be non-interfering.  
It may not be necessary to reallocate the PUCCH with a semi-persistent assignment as suggested in [1] but it is also possible if further analysis warrants.  Even if that was the case, it would be beneficial to reallocate the PUCCH only for those UEs that need it due to simultaneous GPS operation, so that the frequency diversity achieved by the PUCCH edge placement for the remaining UEs can be preserved.     
3. Conclusions

We studied the impacts of Band 13 2nd harmonic interference on GPS measurements. 

We propose supporting a mitigation technique, where the UE can signal to the eNB that it is making simulataneous GPS measurements, so that the eNB can make appropriate scheduling decisions.  After sending such a message, the UE would not be required to make any further steps other than obeying the grants and signaling commands sent by the eNB as usual.  If such an approach is agreed, we would recommend sending an LS to RAN2 to consider the signaling implications. 
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