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1
Introduction
It has been reported [1] that almost half of the 2UL inter-band CA configurations that are currently being specified are impacted by the IM products of up to 5th order falling onto GNSS receive bands, thus causing in-device coexistence problem. It is further described in [2] that even the impact of 5th order IM due to 2UL interband CA on GNSS receiver is non-negligible.  

In this contribution, we discuss a number of solutions to solve this problem. 
2
Proposed solutions in RAN4
A number of solutions have been proposed in RAN4 in the last meetings [1], [3], [4], [5]. A summary of them are below:

[1] P-MPR: as described in [1] and referneces therein, it was proposed to broaden the scope of P-MPR for slving the impact on GNSS receiver. The idea is to transmit at lower power in UL when GNSS receiver is impacted.

[2] UL SCC Deactivation: Allowing the terminal to autonomously deny the UL SCC all together.
[3] Design a solution based on signalling: most probably for Rel-13, new signalling can be designed.

[4] Define and allow A-MPR

Other options that are discussed so far are [3]:

[1] Defer 2UL combination with GNSS impact to Rel-13
[2] Define P-MPR for handling GNSS impact in Rel-12 and design signalling based solution in Rel-13 (the new Rel-13 signalling based solution may or may not replace the P-MPR based solution)

There are pros and cons for each of the solutions listed above.
3
Analysis of 2 UL Inter-band CA and GNSS 
In this section, we analyze a number of alternatives for handling the IM impact to GNSS receiver.
3.1
Modification of UL transmission configurations

One possible alternative to limit or even eliminate the IM products in GNSS is that the UE may choose to apply a reduced UL transmission configurations within the current UL scheduling grant in a predefined manner to limit the the interference to GNSS receiver. In reduced transmission configuration, all or some of the UL transmission parameters may have lower value than the value of the same parameter to original UL CC transmission configurations. For example, the number of transmitted RBs can be limited in a way that the IMD do not fall into the GNSS used spectrum by that UE or the transmitted power in one (or both) carriers can be reduced. Alternatively, a combination of both adapting physical resources and transmission power can be applied by the UE. 

In comparison to autonous deactivation of UL SCC, reducing the UL transmission configuration is a better solution, since autonomous deactrivation reduces the UL CA to single CC UL, thus loosing all benefits of UL CA.

The reduced UL configuration can be used in both the CCs, or in one of the CCs. The usage of reduced UL configurations can be done in one of the following ways:

· A UE may autonomously decide to use reduced configuration based on the detection of IM impact on GNSS receiver
· If the UE experience GNSS problems, then it can autonomously deny the current Scell UL transmission and notify the eNB, e.g. using the existing IDC, that a possibly predefined UL allocation should be made on Pcell/Scell and that the power headroom on the Scell has changed (negative PHR on Scell). The latter is close to “P-MPR” but one could possible limit the range of the PHR that is allowed (corresponds to a specified P-MPR). This can be indicated in the usual buffer/headroom report that is sent when the UE has a grant.
· The reduced configurations can be used based on certain predefined criterion, e.g. the signal quality at the GNSS receiver falls below certain threshold.

· This can also be done based on a network indication. The network may decide based on pre-determined information that certain UL CA band combinations will cause GNSS performance degradation, thus it can signal the UE to use reduced UL configurations.

3.2
Modified IDC mechanisms

IDC signalling mechanisms have been defined earlier in Rel-11. It is mainly a TDM solution to avoid in-device interference. The IDC signaling [6] could perhaps be amended so that the UE informs on e.g.

· need for reduced Scell TX power (e.g. the Pcmax): Some fixed SCell TX power levels can be statically defined, which could depend on the band combination (which reflects the IMD order).
· need for RB restrictions; the applicable RB restrictions will depend on IMD order, that is the power of the IMD product falling into GNSS receiver, thus it could lead to complicated specifications, i.e. RB restrictions that depends on IMD orders, 
· need for TX gaps in the Scell UL (e.g. Scell DTX patterns)
The above would not preclude the case in which the UL Scell is deactivated but would give more degrees of freedom in handling GNSS protection problem.
It is also worth mentioning here that the modified IDC signalling can be combined together with modification of UL transmission configurations as mentioned in previous section to handle the IM issue in GNSS receiver. 

4
Conclusion
In this contribution, we have described some potential solutions to handle IM impacts due to 2UL CA on GNSS receiver:
· Using modified UL transmission configurations
· Modified IDC mechanisms

We slightly prefer the first mechanism (modified UL transmissions) as this allows the UE to act more quickly when GNSS problem is detected at the UE.

Even if the GNSS interference issue is handled in the Rel-12 time frame it may still be possible to make changes to signalling in Rel-12 (depending on the change needed).
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