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1
Introduction
Protection of GNSS reception while simultaneously transmitting on multiple uplink component carriers was discussed in RAN4 #87bis. Depending on the UL allocation, the intermod of the simoultaneously transmitted uplink carriers lies in the GNSS bands, thus creates serious interference to the GNSS reception. Nearly half of the 2 UL inter-band CA combinations are potentially impacted by this problem [2][4].  In last RAN4 meeting, a few discussion papers [1][2][3] were proposed to resolve this issue using RRC signaling. In short, the idea is to allow the UE to report the existence of the issue and to indicate the problematic RB allocations between the UL carriers that cause the interference. 
In this paper, we discuss why the current In-Device Coexistence (IDC) feature may not be efficient enough for this use case and propose a way forward for IDC improvements. 
2
Background
Suppose the LTE carrier frequencies f1 and f2 are used for UL CA. On f1 and f2, various subcarrier frequency g1 and g2 can be allocated to the UE, respectively. The intermod of g1 and g2 is:

Intermod Frequency = m1*g1 + m2*g2,
which can be located in GNSS bands. Here m1 and m2 are the intermod orders which are typically integers in the range of [-7, +7]. In this example, we only show the problem for 2UL CA; but it can also happen for multiple UL CA cases.
Observation 1: Usually only certain RBs or RB combinaitons of a LTE UL carrier or UL carriers (not the whole bandwidth) is problematic. 

For more background information, please see [2]. In addition, [4] also gives a list of UL CA band combinations that cause the interference problem.
3.
Inefficiency of existing IDC solutions 
3.1
Throughput degradation
The existing IDC signaling provides only TDM mechanisms that enable the UE to indicate to the network the affected carrier frequencies, interference detection, and assistance information in the form of requested DRX pattern or subframe pattern.  

Unfortunately, existing three TDM based IDC mechanisms were not derived specifically for GNSS protection and may be ineffiecient:
1. Autonomous denial gaps can only be configured to at most 15% on a subframe basis, which would not be sufficient to protect GNSS. Althought higher percentages could be specified in the specification, it will be a big waste of channel resources. 
2. A DRX cycle can also be requested; however, the activity duration is not guaranteed to comply with the ActivityTime parameter requested by the UE so that a gap would not be available for GNSS reception.  
3. Lastly, a subframe pattern can be requested consisting of four bits (for FDD) indicating whether Tx or Rx on LTE should be disabled for the subframe.  Due to fundamental periodicity of the 1ms subframe and the fact that the GPS C/A code also has a repetition rate of 1 kHz, GNSS may still be impacted by interference products modulated by the periodic subframe pattern.  Furthermore, mitigation of GNSS inteference may not align well with the HARQ timeline which must be maintained for the subframe pattern.  

Therefore, to use the existing IDC signaling to address the LTE intermod interference issue, UE can only recommend to the network to abstain from UL scheduling on the secondary carrier by setting “affectedCarrierFreqList” to the SCC frequency and setting subframe pattern to all zeros (Value 0 indicates that E-UTRAN is requested to abstain from using the subframe) in InDeviceCoexIndication message.
Observation 2: To address the intermod issue, the existing IDC signaling allows the UE to request the NW to stop scheduling on the UL of SCell. Note that PCell UL (PUCCH) cannot be completely stopped since it impacts DL as well (ACK/NACK and CSI). 
Based on the Observations 1 and 2 above, we have the following proposals.

Proposal 1a: Use the existing signaling for UE to recommend to the network to stop UL scheduling on SCell when the UL intermod interference problem happens.
Proposal 1b: Introduce new signaling for UE to indicate to the eNB about the UL intermod interference problem.

Proposal 1c: Introduce new signaling for UE to send assistance information to help eNB avoid allocating problematic RB combinations in UL.

An example of potential signaling improvement to IDC is illustrated in the Appendix.
The following table compares the throughput degradation of existing and the proposed IDC solutions in an exemplary scenario.
Example Scenario: Assuming 10+10MHz UL CA and UL transmission only uses one layer, the following table compares the UL throughputs for a category-4 UE with a moderate SINR value where the MCS index is 16 for both UL carriers.
Table 1: Throughput Degradation Comparison for different IDC solutions in 10+10MHz UL CA
	
	Description
	Maximum total # of UL RBs from all carriers per TTI
	MCS index for both UL carriers
	Total UL Throughput
	UL Throughput Degradation Compared with Refererence Scenario

	Reference Scenario: If no IDC problem happens
	Use two carriers per TTI.
	100
	16
	30.6 Mbps
	0%

	Existing IDC TDM Solution
	Disable secondary carrier.
	50
	16
	15.3 Mbps
	50%

	Proposal 2
	Use two carriers per TTI and exclude problematic RBs.
	50 + 50 – X, 1<=X<=50
 (X is the number of RBs to be excluded in scheduling)
	16
	15.3-30.6 Mbps 


	X%,  1<=X<=50
(X is the number of RBs to be excluded in scheduling) 


3.2
Meeting regulatory requirements on Emergency services

GNSS functionality and performance in the UE is often governed by regulatory requirements in support of emergency services, for example, E-911.  Therefore, such requirements are mandatory for the UE in order to be able to be certified and allowed to be sold in the country for which these requirements exist.

Observation 3: In existing LTE deployments, the eNB generally knows whether a call is VoLTE or not, but it may not know whether the VoLTE call is an emergency call or not (unless the call is initiated in idle mode with emergency cause)
Observation 4: In existing IDC solution, UE can report the IDC issue only if the network configures it for the IDC indication via RRC signaling. In regulatory certification tests for emgergency services, the network may not configure the UE for IDC report or not honor the UE’s request, then the GNSS will not function well and the UE will fail regulatory certification. 

To address observations 3 and 4, we propose the followings.

Proposal 2a: The network configures the UE to indicate to the network when IDC issues interfere GNSS during ongoing emergency calls.
Proposal 2b: UE can indicate to the NW that the cause of IDC indication transmission is emergency call. NW can take this indication into consideration and provide a solution.
Proposal 2c: If GNSS interference is still present because the network was not able to provide solution or if the action is not effective or timely, allow the UE to take autonomous action to protect GNSS reception to support emergency calls.
4
Conclusion
To protect GNSS reception while simultaneously transmitting on multiple uplink component carriers, we propose the following to extend existing IDC solution. An example ASN.1 change of the signaling message is included in the Appendix.
Proposal 1: RAN2 is respectfully requested to consider the following options as RAN4 has been discussing the same issue. 

a) Use the existing signaling for UE to recommend to the network to stop UL scheduling on SCell when the UL intermod interference problem happens.
b) Introduce new signaling for UE to indicate to the eNB about the UL intermod interference problem.

c) Introduce new signaling for UE to send assistance information to help eNB avoid allocating problematic RB combinations in UL.

Proposal 2:  RAN2 is requested to consider the case where IDC indication is to be used for emergency calls. 
a) The network configures the UE to indicate to the network when IDC issues interfere GNSS during ongoing emergency calls.

b) UE can indicate to the NW that the cause of IDC indication transmission is emergency call. NW can take this indication into consideration and provide a solution.
c) If GNSS interference is still present because the network was not able to provide solution or if the action is not effective or timely, allow the UE to take autonomous action to protect GNSS reception to support emergency calls.
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Appendix: Example 36.331 signalling changes for the proposals
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

