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1 
Introduction

RAN2 received a LS from RAN4 [1] in which RAN4 reports that it has identified potential interference to GNSS reception with the inter-modulation products generated by simultaneous two or more uplink inter-band transmission. RAN4 discussed potential solutions for both emergency call and other cases utilising GNSS.
As background, it has been reported in [2] 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 [3] that even the impact of 5th order IM due to 2UL interband CA on GNSS receiver is non-negligible.  
A number of solutions have been proposed in RAN4 in the last meetings [2], [4], [5], [6]:

[1] P-MPR: as described in [2], it was proposed to broaden the scope of P-MPR for solving 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 alltogether.

[3] A signalling based solution similar to Rel-11 based IDC
[4] Define and allow A-MPR
In RAN4 LS [1], solutions based on UL SCC deactivation and signalling based solutions were considered most feasible. Thus in this contribution, we discuss how Rel-11 IDC solution can be reused for this scenario. 

2 Discussion
2.1 Rel-11 IDC solution

In-device co-existence avoidance mechanism introduced in Rel-11 targeted to solve the problem scenarios where the UE suffers from interference between the LTE and ISM/GNSS signal [7]. Both cases where the LTE is the victim and aggressor were considered. GNSS reception was considered as a use case already in Rel-11 and it was also concluded that all TDM based solutions would be applicable to GNSS case as well. On the other hand, the detailed Stage-3 discussion in Rel-11 focused more on interference between LTE and BT and WLAN.
Observation 1 Rel-11 IDC solution is applicable to GNSS case

Rel-11 solution is following:

1. The UE signals to the network IDC capability

2. Then network configures the UE to be able to send IDC indications. In addition, the network may configure the UE with the autonomous gaps.
3.  When the UE detects IDC problem, it informs the network about it. It provides the list of problematic frequencies, the interference direction, and potential TDM pattern that could solve the problem.

4.  The network tries to solve the problem with either FDM solution (i.e, handover to the frequency that is not problematic) or with TDM based solution where the UE is configured with DRX following the suggested TDM pattern.
2.2 Using Rel-11 IDC for UL CA case

In this section we analyse in more detail how Rel-11 IDC mechanisms can be used for UL CA case. Different solutions are discussed separately
2.2.1 FDM based solution

First IDC solution would be to use FDM based solution. In this case, when the UE reports of IDC problems, the network can deactivate the SCell with uplink on the problematic frequency and reconfigure other frequency instead. The FDM indication from the UE includes following information:
AffectedCarrierFreq-r11 ::=
SEQUENCE {


carrierFreq-r11



MeasObjectId,


interferenceDirection-r11
ENUMERATED {eutra, other, both, spare}

}

	interferenceDirection

	Indicates the direction of IDC interference. Value eutra indicates that only E-UTRA is victim of IDC interference, value other indicates that only another radio is victim of IDC interference and value both indicates that both E-UTRA and another radio are victims of IDC interference. The other radio refers to either the ISM radio or GNSS (see 3GPP TR 36.816 [63]).


The network can deduce that problem is in uplink when the UE signals that interference type is “other”. However, the network cannot deduce that CA combination of multiple frequencies is a problem whereas configuring only a single frequency as a PCell would not be a problem. Thus, some additional signalling is probably needed. One option is to include GNSS type where the eNB can derive which UL CA combinations are problematic. Another more generic solution is to directly indicate which frequency combinations are problematic. 

Proposal 1 Add to IDC indication more information which band combinations are problematic 

One issue is that the operator may do not have alternative frequencies to which the SCell of the UE may be moved. This is because most of the combinations are suffering from inter-modulation. However, if GNSS reception would occur temporarily (e.g. during emergency call) then it can be assumed that there are enough alternative frequencies and also that SCell could be deactivated temporarily.
Assuming that the network knows about the IDC problem via IDC indication and/or based on ongoing emergency call, there is no need to have UE autonomous deactivation of the SCell. 

Proposal 2 Rel-11 IDC FDM solution can be used for GNSS in case there are alternative frequencies to configure SCell with UL or the problem is temporal so that SCell can be temporarily deactivated (e.g. during emergency call)
2.2.2   Autonomous denials
Second potential Rel-11 solution is autonomous denials. If the UE is configured with autonomous denials, then it is allowed to deny UL transmission. The amount of denials should not exceed a configurable number over the measurement period, as specified in TS 36.331:

autonomousDenialParameters-r11

SEQUENCE {




autonomousDenialSubframes-r11


ENUMERATED {n2, n5, n10, n15,















n20, n30, spare2, spare1},




autonomousDenialValidity-r11


ENUMERATED {















sf200, sf500, sf1000, sf2000, 















spare4, spare3, spare2, spare1}


}

OPTIONAL, 

-- Need OR

	autonomousDenialSubframes

Indicates the maximum number of the UL subframes  for which the UE is allowed to deny any UL transmission. Value n2 corresponds to 2 subframes, n5 to 5 subframes and so on. E-UTRAN does not configure autonomous denial for frequencies on which SCG cells are configured.

	autonomousDenialValidity

Indicates the validity period over which the UL autonomous denial subframes shall be counted. Value sf200 corresponds to 200 subframes, sf500 corresponds to 500 subframes and so on.


So in maximum, autonomous denials can cover 30/200=15% of UL transmissions in case the UL is continuously scheduled. When UL is not continuously scheduled, the value range can cover even bigger time share. It should be noted that it is not preferable to introduce bigger values for autonomous denials as then the scheduling efficiency becomes poor. Also, as discussed in IDC study item phase, autonomous denials (even they are rare) may harm link adaptation algorithms as the eNB does not know what is the reason for the UE to not transmit.
As discussed in [8], the required duty cycles for GNSS reception is rather large and thus solution based on autonomous denials is not very effective.

Observation 2 High drop rate by autonomous denials can lead to bad radio efficiency and poor link adaptation and thus should be avoided. 
2.2.3 TDM solution

Finally, third introduced IDC mechanism is TDM based. There the UE provides assistance data to the network (either DRX cycles or subframe patterns). The following parameters can be provided by the UE:

TDM-AssistanceInfo-r11 ::=
CHOICE {


drx-AssistanceInfo-r11



SEQUENCE {



drx-CycleLength-r11




ENUMERATED {sf40, sf64, sf80, sf128, sf160,













 sf256, spare2, spare1},



drx-Offset-r11





INTEGER (0..255)
OPTIONAL,



drx-ActiveTime-r11




ENUMERATED {sf20, sf30, sf40, sf60, sf80,













 sf100, spare2, spare1}


},


idc-SubframePatternList-r11


IDC-SubframePatternList-r11,


...

}

IDC-SubframePatternList-r11 ::=
SEQUENCE (SIZE (1..maxSubframePatternIDC-r11)) OF IDC-SubframePattern-r11

IDC-SubframePattern-r11 ::= CHOICE {


subframePatternFDD-r11



BIT STRING (SIZE (4)),


subframePatternTDD-r11



CHOICE {



subframeConfig0-r11




BIT STRING (SIZE (70)),



subframeConfig1-5-r11



BIT STRING (SIZE (10)),



subframeConfig6-r11




BIT STRING (SIZE (60))


},


...

}
Based on provided parameters, the network configures the UE with DRX cycles. 
According to analysis in [8], the some device implementations may use duty cycles to enable GNSS reception. The amount and length of needed of gaps depends on which phase of the search is considered. In the initial satellite search, duty cycle over 75% would be needed. On the other hand, successive fixes in the location after initial search can survive with smaller duty cycles (50% and less). The required duty cycle depends also on signal conditions. After these searches have been done, the UE may signal that the situation is over and no TDM patterns are needed anymore.

Based on discussion in RAN2#73 meeting, it was agreed that:

2:
Include the three LTE + GNSS use scenarios in the TR as basis for GNSS coexistence.

3:
Agree that a TDM solution could help GNSS reception in collocated LTE + GNSS coexistence.

5:
DRX and HARQ process based TDM solutions are feasible for the initial satellite search use cases.

6:
DRX and HARQ process based TDM solutions are feasible for the successive location fixes use case.

Proposal 3 Confirm agreement from Rel-11 that TDM based IDC solution is suitable for GNSS reception 
2.3 eNB knowledge of emergency calls

In LS [1], one question was related to the issue that GNSS reception should guaranteed especially during emergency calls.  It was questioned if the eNB is aware that the UE is performing emergency call. 

We note that the eNB can know from the establishment cause that the access is due to emergency call. However, this establishment cause is not anymore valid once the UE is in RRC Connected mode. However, it can be assumed that ARP values of the bearers are such that it is known that emergency call is ongoing.

Proposal 4 No additional signalling needed to inform eNB that the UE is performing emergency call.
3 Conclusion

In section 2 we made the following observations:
Observation 1
Rel-11 IDC solution is applicable to GNSS case
Observation 2
High drop rate by autonomous denials can lead to bad radio efficiency and poor link adaptation and thus should be avoided.


Based on the discussion in section 2 we propose the following:
Proposal 1
Add to IDC indication more information which band combinations are problematic
Proposal 2
Rel-11 IDC FDM solution can be used for GNSS in case there are alternative frequencies to configure SCell with UL or the problem is temporal so that SCell can be temporarily deactivated (e.g. during emergency call)
Proposal 3
Confirm agreement from Rel-11 that TDM based IDC solution is suitable for GNSS reception
Proposal 4
No additional signalling needed to inform eNB that the UE is performing emergency call.
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