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1. Introduction
This contribution is a follow-on to [1] in which further aspects of a signaling-based solution for GNSS interference mitigation are discussed.
2. Discussion

2.1. Background
It is well recognized that intermodulation products formed from simultaneous transmission in two or more component carriers can interfere with reception of GNSS on the same device.  The 2UL band combinations which have to potential to exhibit this problem have been identified as shown in Table 1 and is also captured in Table 9.1-1 of TR 36.860.
Table 1.  2UL inter-band CA combinations with potential IM interference to GNSS systems.

	Band
	Band
	Compass/Beidou
	Galileo
	GLONASS
	GPS

	1
	5
	 
	 
	 
	 

	1
	19
	 
	 
	 
	 

	3
	20
	IM5
	IM5
	IM5
	IM5

	7
	28
	 
	 
	 
	 

	2
	13
	H2
	H2
	 
	H2

	4
	13
	H2
	H2
	 
	H2

	3
	8
	IM4
	IM4
	IM4
	 

	4
	12
	 
	 
	 
	 

	4
	17
	 
	 
	 
	 

	1
	7
	 
	 
	 
	 

	3
	7
	IM4
	IM4
	IM4
	IM4

	4
	7
	IM4
	IM4
	IM4
	IM4

	5
	12
	IM2
	IM2
	 
	IM2

	5
	17
	IM2
	IM2
	 
	IM2

	3
	5
	IM5
	IM5
	IM5
	IM5

	2
	4
	IM3, IM5
	IM3, IM5
	IM3
	IM3, IM5

	7
	20
	 
	 
	 
	 

	3
	26
	IM5
	IM5
	IM5
	IM5

	5
	7
	 
	 
	 
	 

	3
	19
	IM5
	IM5
	IM5
	IM5

	1
	3
	IM3
	IM3
	IM3
	IM3

	1
	21
	 
	 
	 
	 

	19
	21
	 
	 
	 
	 


The magnitude of the interference and the impact to GNSS has not been studied, but is anticipated to be a significant task.  However, it can be recognized that factors influencing the magnitude of interference and impact to GNSS are the transmitter power levels in the two CC’s (loosely related to the distance of the UE from the basestation), the received power level of the GNSS signal, the duty cycle of the transmission, the order of the intermodulation product, the specific bands and component performance, and the proximity of the intermodulation product to the GNSS receive band.  Solutions have been presented and discussed
Option 1:  P-MPR for Rel-12

Option 2:  Defer 2UL combinations with GNSS impact to Rel-13

Complete the other 2UL combinations in Rel-12 so that core requirements are in place

Option 3:  Develop a solution possibly including signaling

If new signaling is required to be developed in Rel-13, the combinations with GNSS may not be able to be release independent back to Rel-12

Signaling mechanisms are currently requested to the network, but the network may or may not grant the request.  Thus, GNSS protection is not guaranteed.

Option 4:  Enable the UE to autonomously deactivate the SCC UL in the event of GNSS interference

Option 5:  Define and allow A-MPR

Option 6:  Option 1 for Rel-12 and option 3 for Rel-13

One of the more promising solutions is to use a signaling mechanism whereby the UE signals to the network an interference condition and the network makes necessary scheduling accommodations to mitigate the inteference.  Such a signaling-based solution relies upon both the UE and the network to mutually solve the problem.
Towards this end, a signaling-based solution to address 2UL inter-band CA interference to in-device GNSS reception was discussed in [1].  There, necessary aspects of any signaling-based solution were presented in light of the fact that GNSS functionality and performance is often required by regulators, for example for E-911 emergency calls.  It was discussed that existing in-device coexistence (IDC) signaling mechanisms address interference between LTE and WiFi or Bluetooth and operate based on request.  In other words, the UE signals a request and the network honors that request on a “best-effort” basis.  However, since GNSS reception can be a mandatory regulatory requirement necessary for UE certification to be allowed to be sold and operate within a given country, additional constraints are necessary.
We observe that for any signaling-based solution to be effective, the network must play an integral role.  Support of the solution must be mandated on the network, and scheduling requests or other mitigation methods must be guaranteed by the network for scenarios of regulatory significance; i.e., emergency calls.  If both of these above conditions cannot be satisfied, then provisions must be allowed for the UE to autonomously take action to preserve GNSS reception for scenarios of regulatory significance. 

2.2. Signaling proposal

We propose to extend the existing IDC RRC signaling for the purpose of protecting GNSS reception.  An alternative formulation where a new message is defined instead of extending the existing InDeviceCoexIndication message is not precluded, but is not specifically treated in this contribution.

We consider that the following fields would be beneficial to include in this message.  

· A field to indicate that any previous request for mitigation is no longer needed
· A field to indicate the severity of the problem.  In other words, if the UE is in the process of an emergency call, the network must provide a mitigation solution.  If the interference is present during other GNSS usage, the network may choose to respond on best-effort basis.

· Fields to indicate the RB’s to be be avoided.  This information can be sent in two ways.  The first method is that the UE can send the frequency ranges in each component carrier to be avoided.  The UE is then responsible for knowing the GNSS frequency range to be protected and computing the intermodulation relations.  The disadvantage of this approach is that the frequencies to be avoided are actually frequency pairs from each of the component carriers.  However, it is not possible to signal a large number of frequency pairs so that the only practical information that can be signaled are the individual frequency ranges of each CC to be avoided.  This leads to an overly restrictive set.  Moreover, it may be difficult to extend this method to greater than two uplink carriers.
· The second method is to signal the identity and/or frequency range (with guard band margin) of the GNSS system and the intermodulation order for each component carrier.  It is then the responsibility of the network to compute the RB frequency ranges to be avoided.  This method avoids the disadvantage of signaling overhead necessary to send the exact frequency pairs to be avoided, but does require the network scheduler to perform the mathematics.
Details of example ASN.1 signaling format can be found in the appendix and in a companion RAN2 contribution [2].

3. Conclusion
A signaling solution has been proposed to address the problem of 2UL intermodulation interference to GNSS reception.  Necessary elements of signaling are discussed and example ASN.1 coding is provided.  It is proposed that such changes are made through non-critical extension to Rel-11 since the 2UL inter-band CA feature was agreed to be release independent back to Rel-11 [3].
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Appendix

In this appendix, an example of ASN.1 signaling is provided

6.2.2
Message definitions

–
InDeviceCoexIndication

The InDeviceCoexIndication message is used to inform E-UTRAN about IDC problems which can not be solved by the UE itself, as well as to provide information that may assist E-UTRAN when resolving these problems.
Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to E‑UTRAN

InDeviceCoexIndication message

-- ASN1START

InDeviceCoexIndication-r11 ::=

SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE {



inDeviceCoexIndication-r11



InDeviceCoexIndication-r11-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}
InDeviceCoexIndication-r11-IEs ::=
SEQUENCE {


affectedCarrierFreqList-r11


AffectedCarrierFreqList-r11




OPTIONAL,

tdm-AssistanceInfo-r11



TDM-AssistanceInfo-r11





OPTIONAL,


lateNonCriticalExtension


OCTET STRING







OPTIONAL,


nonCriticalExtension



InDeviceCoexIndication-r11-v11xy-IEs

OPTIONAL
}

InDeviceCoexIndication-v11xy-IEs ::= SEQUENCE {


idc-UlResourceAllocationPattern-r11
CHOICE {



cancelUlResourceAllocationPattern
NULL,



ulResourceAllocationPattern


SEQUENCE {




idcEmergencyCallOngoing-r11


ENUMERATED {true} OPTIONAL,




victimSystemList-r11



VictimSystemList-r11,



interModeOrderList-r11



InterModeOrderList-r11
OPTIONAL


},


nonCriticalExtension
SEQUENCE {}

OPTIONAL

}
AffectedCarrierFreqList-r11 ::=
SEQUENCE (SIZE (1..maxFreqIDC-r11)) OF AffectedCarrierFreq-r11

AffectedCarrierFreq-r11 ::=
SEQUENCE {


carrierFreq-r11



MeasObjectId,


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

}

VictimSystemList-r11 ::= SEQUENCE (SIZE (1..maxFreqIDC-Victim-r11)) OF VictimSystem-r11

VictimSystem-r11 ::= SEQUENCE {


victimSystemType-r11



ENUMERATED {GPS, Glonass, BDS, Galileo,












 reserved4, reserved3, reserved2, reserved1}

} 

InterModeOrderList-r11 ::=
SEQUENCE (SIZE (1..4)) OF InterModeOrderFreqList-r11

InterModeOrderFreqList-r11 ::=
SEQUENCE (SIZE (1..maxFreqIDC-r11)) OF InterModeOrder-r11

InterModeOrder-r11 ::= SEQUENCE {


INTEGER (-7..7)

OPTIONAL

}
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))


},


...

}
-- ASN1STOP
	InDeviceCoexIndication field descriptions

	affectedCarrierFreqList

List of E-UTRA carrier frequencies affected by IDC problems. 

	drx-ActiveTime

Indicates the desired active time that the E-UTRAN is recommended to configure. Value in number of subframes. Value sf20 corresponds to 20 subframes, sf30 corresponds to 30 subframes and so on.

	drx-CycleLength

Indicates the desired DRX cycle length that the E-UTRAN is recommended to configure. Value in number of subframes. Value sf40 corresponds to 40 subframes, sf64 corresponds to 64 subframes and so on.

	drx-Offset

Indicates the desired DRX starting offset that the E-UTRAN is recommended to configure. The UE shall set the value of drx-Offset smaller than the value of drx-CycleLength. The starting frame and subframe satisfy the relation: [(SFN * 10) + subframe number] modulo (drx-CycleLength) = drx-Offset.

	idc-SubframePatternList

A list of one or more subframe patterns indicating which HARQ process E-UTRAN is requested to abstain from using. Value 0 indicates that E-UTRAN is requested to abstain from using the subframe. For FDD, the radio frame in which the pattern starts (i.e. the radio frame in which the first/leftmost bit of the subframePatternFDD corresponds to subframe #0) occurs when SFN mod 2 = 0. For TDD, the first/leftmost bit corresponds to the subframe #0 of the radio frame satisfying SFN mod x = 0, where x is the size of the bit string divided by 10. The UE shall indicate a subframe pattern that follows HARQ time line, as specified in TS 36.213 [23], i.e, if a subframe is set to 1 in the subframe pattern, also the corresponding subframes carrying the potential UL grant [23, 8.0], the UL HARQ retransmission [23, 8.0] and the DL/UL HARQ feedback [23, 7.3, 8.3 and 9.1.2] shall be set to 1.

	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]).

	cancelUlResourceAllocationPattern

Indicates that the UE no longer experiences the interference for which the UE previously sent idc-UlResourceAllocationPattern to the eNB.

	idcEmergencyCallOngoing

Indicates whether an emergency call is ongoing or not. 

	victimSystemType 

Indicates the victim system that experiences the interferences that are generated by the inter-mode of LTE UL frequencies indicated by affectedCarrierFreqList. The enumerated victim systems are existing GNSS systems.
victimCenterFreq (in Table 6.2.2-1 below)

Indicates the center frequency of the victim system signals. 

victimFreqBandwidth (in Table 6.2.2-1 below)

Indicates the bandwidth of the victim system signals. 

victimFreqStart (in Table 6.2.2-1 below)

Indicates the starting frequency of the victim system signals. 

victimFreqStop (in Table 6.2.2-1 below)

Indicates the stoping frequency of the victim system signals. 

freqMargin (in Table 6.2.2-1 below)

Indicates the frequency margin from the victim system signals. 

Table 6.2.2-1 Frequency ranges of the victim systems that require protection

victimSystemType
victimCenterFreq (MHz)
victimBandwidth (MHz)
victimFreqStart (MHz)
victimFreqStop (MHz)
freqMargin (MHz)
GPS

1575.42

2.046

1574.397

1576.443

2

Glonass

1601.71875

8.3345

1597.5515

1605.8860

2

BDS

1561.098

4.092

1559.052

1563.144

2

Galileo

1575.42

4.092

1573.374

1577.466

2


	interModeOrderFreqList

Indicates the inter-mode orders for the frequencies in the affectedCarrierFreqList. The Nth element in interModeOrderFreqList corresponds to the Nth element in affectedCarrierFreqList. The UE may include at most four interModeOrderFreqList in interModeOrderList.  

For example, suppose the affectedCarrierFreqList contains LTE carrier frequencies f1 and f2 (denote g1 as the subcarrier frequency on the carrier frequency f1, and g2 as the subcarrier frequency on the carrier frequency f2); the interModeOrderList contains three interModeOrderFreqList, {m11, m12}, {m21, m22} and {m31, m32}. The idc-UlResourceAllocationPattern suggests that the eNB should allocate uplink RBs in such a way that any uplink subcarrier combination (g1, g2) should satisfy the following condition for every victimSystem in VictimFreqList: 

“(m11*g1 + m12*g2 <= victimFreqStart(i) - freqMargin OR m11*g1 + m12*g2 >= victimFreqStop(i) + freqMargin) AND

 (m21*g1 + m22*g2 <= victimFreqStart(i) - freqMargin OR m21*g1 + m22*g2 >= victimFreqStop(i) + freqMargin) AND 

 (m31*g1 + m32*g2 <= victimFreqStart(i) - freqMargin OR m31*g1 + m32*g2 >= victimFreqStop(i) + freqMargin).”

Here (i) denotes the ith VictimSystem in VictimSystemList.


6.3.6
Other information elements

OtherConfig information element
-- ASN1START

OtherConfig-r9 ::= SEQUENCE
{


reportProximityConfig-r9


ReportProximityConfig-r9

OPTIONAL,
-- Need ON


...,


[[
idc-Config-r11




IDC-Config-r11




OPTIONAL,
-- Need ON


powerPrefIndicationConfig-r11
PowerPrefIndicationConfig-r11
OPTIONAL,
-- Need ON



obtainLocationConfig-r11

ObtainLocationConfig-r11

OPTIONAL
-- Need ON


]]

}

IDC-Config-r11 ::= 



SEQUENCE {


idc-Indication-r11




ENUMERATED {setup}

OPTIONAL,

-- Need OR


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


...,


idc-IndicationEmergency-r11


ENUMERATED {setup}

OPTIONAL,

-- Need ON
}

	OtherConfig field descriptions

	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. 

	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.

	idc-Indication
The field is used to indicate whether the UE is configured to initiate transmission of the InDeviceCoexIndication message to the network. If idc-Indication is setup, the UE shall ignore idc-IndicationEmergency and is allowed to send any IEs in InDeviceCoexIndication message.

	idc-IndicationEmergency
The field is used to indicate whether the UE is configured to initiate transmission of the InDeviceCoexIndication message to the network when GNSS is interfered during emergency calls. If idc-IndicationEmergency is setup and idc-Indication is not setup, the InDeviceCoexIndication message can only include the IE idc-UlResourceAllocationPattern.

	obtainLocation

Requests the UE to attempt to have detailed location information available using GNSS. E-UTRAN configures the field only if includeLocationInfo is configured for one or more measurements.

	powerPrefIndicationTimer

Prohibit timer for Power Preference Indication reporting. Value in seconds. Value s0 means prohibit timer is set to 0 second or not set, value s0dot5 means prohibit timer is set to 0.5 second, value s1 means prohibit timer is set to 1 second and so on.

	reportProximityConfig

Indicates, for each of the applicable RATs (EUTRA, UTRA), whether or not proximity indication is enabled for CSG member cell(s) of the concerned RAT. Note.


NOTE:
Enabling/ disabling of proximity indication includes enabling/ disabling of the related functionality e.g. autonomous search in connected mode.

6.4
RRC multiplicity and type constraint values

–
Multiplicity and type constraint definitions

maxFreq





INTEGER ::= 8
-- Maximum number of carrier frequencies

maxFreqIDC-r11



INTEGER ::= 32
-- Maximum number of E-UTRA carrier frequencies that 












-- are affected by the IDC problems

maxFreqIDC-Victim-r11

INTEGER ::= 32
-- Maximum number of other 












--
victim systems 
maxFreqMBMS-r11



INTEGER ::= 5
-- Maximum number of carrier frequencies for which an 












-- MBMS capable UE may indicate an interest

1
8

