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Introduction
In RAN2#71 it is agreed to include LTE and GNSS as one of the use case to further study what can be possible solution for coexistence. It is identified in [1] that the coexistence issues with LTE and GNSS is present in following cases:

1. For GNSS it is important to understand that intermediation and harmonics can also cause issues, e.g. band 13/14 can cause interference to L1/E1 frequency of GNSS as it is close to second harmonics of band 13/14.
2. Galileo is supporting proposal for new global allocation at 2.5 GHz for GNSS. World Radio communication Conference meeting to be held in2012 in this regard

a.  Will be affected by band 7(2.5Ghz FDD) LTE collocated operation

3. Indian Regional Navigation Satellite System uses (IRNSS standard position and restricted services are transmitted on L5 (1164-1215 MHz) and S (2483.5-2500 MHz) bands. 

a. Will be affected by band 7 (2.5Ghz FDD) LTE collocated operation

In this document we describe coexistence solution possibilities between LTE and GNSS considering above scenarios.

Discussion
The multi-radio LTE device is equipped with the GNSS radio (e.g. GPS) to support location based services. As identified in [1] that L1 frequency will be affected by second harmonics of band 13 and band 14. 
Time Domain Solution possibilities
GNSS frame structures are very long (in order of second) compared to 1ms subframe of LTE. However most of the receivers available today use a technique called coarse time navigation in which receiver doesn’t need to decode the full Time-of-Week (ToW) signal. In this way it can reduce the time to some extent but even after that GNSS receiver needs significantly long time for it’s normal operation compared with LTE. This makes time sharing with GNSS impractical especially for the use case when user is using LTE for VOIP and GNSS for positioning because VOIP can’t tolerate long gaps as required by GNSS. In some of the use cases because of the usage pattern it might not require LTE and GNSS to share the time. For example LTE is downloading map from server and then GNSS fixing the position. It is not an issue because LTE can download the map very fast and then go to long DRX as there won’t be nothing much to do and in these types of gaps GNSS can work easily. 
Proposal 1: Time domain solution for LTE and GNSS coexistence is not required because some cases it is impractical and some case existing DRX mechanism will be sufficient based on use case.
Frequency Domain Solution Possibilities
If multiple sub bands are available with operator in band 13/14 or in some other band then it is good choice to shift LTE operation as far as possible so that second harmonics of those signal doesn’t affect GNSS receiver using L1 frequency. The FDM solution that will be introduced primarily for BT and WiFi can also work for GNSS as well.
Proposal 2: Use the frequency domain solution (as and when possible) by shifting LTE as far as possible so that second harmonics of those signal doesn’t affect GNSS receiver using L1 frequency.
Filters based solution possibilities

In Rel-9 interference from band 13 to GNSS L1 frequency is largely solved using filters [2]. In Addition band 13 is expected to have lower max output power for small allocations because of significant AMPR. However coexistence with band 14 and GNSS is harder to achieve as it is closer to GNSS L1 frequency. In any case in 3GPP RAN2 #71 it is agreed that advanced filter based solution does not come under the study direction for RAN2 to solve in-device coexistence interference [3]. It is up to RAN4 to decide on this.
Proposal 3: Filter based solution has largely solved the LTE+GNSS coexistence in case of band 13, but is has not yet solved the issue for band 14. It is up to RAN 4 to find if any solution possible based on filters for band 14.
If operator does not component have carriers which do not interfere with GNSS reception then eventually we cannot provide any solution from RAN2 and in that case one has to rely on the advancements of GNSS receiver to deal with coexistence interference issues.

Conclusion
In this paper, we discussed the characteristics of GNSS and analysed different possible solution for LTE+GNSS in-device coexistence. Very long frame structure of GNSS makes TDM solution impractical. RAN2 point of view there is nothing we can do to evaluate filter based solution. Finally we conclude that we can only provide FDM solution from RAN2. If operator does not have component carriers which do not interfere with GNSS reception then eventually we cannot provide any solution from RAN2; and in that case one has to rely on the advancements of GNSS receiver to deal with coexistence interference issues. 
Proposal

Proposal 1: Time domain solution for LTE and GNSS coexistence is not required because some cases it is impractical and some case existing DRX mechanism will be sufficient based on use case.
Proposal 2: Use the frequency domain solution (as and when possible) by shifting LTE as far as possible so that second harmonics of those signal doesn’t affect GNSS receiver using L1 frequency.
Proposal 3: Filter based solution has largely solved the LTE+GNSS coexistence in case of band 13, but is has not yet solved the issue for band 14. It is up to RAN 4 to find if any solution possible based on filters for band 14.
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