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1 Introduction

LTE uplink carrier aggregation on certain bands may cause interference to GNSS reception. This is due to simultaneous transmission on multiple uplink carriers in these bands creating intermodulation products which fall in the GNSS bands. This was discussed in the last RAN4 meeting and RAN4 has communicated its conclusion in an LS [1] which asks RAN2 to develop the signaling solution to protect GNSS reception from LTE uplink carrier aggregation. 

In this paper, we explore possibilities on RAN2 signaling enhancements to solve the interference problem.

2 RAN4 summary

RAN4 has concluded that [1]:

For emergency call:

· The UE indicates that UL inter-band CA operation would disturb emergency call which UE is establishing.

· If the eNB is always aware of emergency call without signaling then signalling is not needed. This is up to RAN2 to decide.

· Then, the eNB does not allocate UL resources on multiple CCs during the emergency call

· If the eNB allocates UL resources on multiple CCs during the emergency call, the UE can autonomously drop Scell UL transmissions.

For other GNSS use cases:

· The UE indicates to the eNB whether GNSS is turned on or off and the GNSS frequency range that needs to be protected, in addition to other information (e.g. DRX cycle). 

· Then, eNB can take one or more possible solutions listed below to protect the GNSS receiver. It is up to the eNB to decide the proper method.

Some potential solutions:

Solution 1:
Allocate the UL resource blocks among two component carriers with which the IMD does not fall into the frequency range of GNSS receiver


Solution 2:
Allocate the UL resource block only on a single carrier.


Solution 3:
Apply some solutions along the lines of TDM


Solution 4:  Deconfigure UL CA or deactivate SCell(s).

3 Problem details

Table 3‑1 gives the frequency ranges of different GNSS systems. There are uplink band combinations in LTE whose intermodulation products will overlap with the various GNSS bands. These LTE bands have been identified and summarized in Table 9.1-1 of [2]. For a UE which is configured with uplink carrier frequencies f1 and f2, any subcarrier frequencies g1 and g2 on the carriers f1 and f2 respectively, which result in the condition in Equation 1 being true, cause  interference. 

	(m1*g1 + m2*g2 > victimFreqStart(i) – freqMargin) AND (m1*g1 + m2*g2 < victimFreqStop(i) + freqMargin
	Eq. (1)


In Eq. (1), m1 and m2 are intermodulation coefficients which can be inferred from Table 9.1-1 of [2] depending on the uplink bands configured. victimFreqStart(i), victimFreqStop(i) and freqMargin are from Table 3‑1 for the each of the victim systems, accordingly.

Table 3‑1: 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


4 RAN2 enhancements

In this section we analyze possible RAN2 enhancements to solve the interference problem. We first highlight the need for RAN2 signaling enhancements with respect to in-device coexistence (IDC) parameters. Then we analyze the solution for emergency GNSS use cases in detail.
4.1 On the Need for IDC enhancements

For a UE configured with idc-Indication, InDeviceCoexIndication message may be used to indicate the interference problem to the eNB. The UE can indicate the SCell frequency as the AffectedCarrierFreq with interferenceDirection as other which informs the eNB that UE uplink on that frequency is causing interference to another technology (considering that eNB should always configure a measurement object for serving frequsncies). This can inform the eNB to avoid scheduling on the SCell uplink based on the parameters in tdm-AssistanceInfo. The following parameters are available for the UE to request eNB to avoid scheduling on SCell.

1) drx-AssistanceInfo - A DRX cycle can be requested such that drx-CycleLength, drx-ActiveTime gives enough inactive time on SCell and hence no multiple uplink grants to avoid interference such that GNSS decoding is not affected. 

Note that providing DRX assistance info does not necessarily imply that DRX is to be configured. Given the interference direction, eNB can infer that only UL scheduling on the SCell is to follow the active time/cycle request. 

2) idc-SubframePatternList - A subframe pattern can be requested consisting of four bits (for FDD) indicating whether uplink or downlink on SCell should be disabled for the subframe. This can also help eNB avoid SCell uplink grants for the requested subframes thus avoiding interference to GNSS.

The parameters in tdm-AssistanceInfo can only give enough information to the eNB to avoid SCell uplink grants for the duration indicated by drx-AssistanceInfo or idc-SubframePatternList. But, in reality only a subset of resource blocks with subcarrier frequencies according to Eq. 1 result in intermodulation interference to GNSS. So the eNB avoiding the entire SCell bandwidth for scheduling is inefficient. 

If UE can assist the eNB by informing the GNSS victim system being affected, the eNB can then use this along with the information in Table 3‑1 and Table 9.1-1 of [2] to avoid only the actual resource blocks on SCell/PCell and thus do more efficient scheduling. The signaling can include the victim systems for each LTE frequency or just one list per UE.
Observation 1: For GNSS use cases with interference from uplink carrier aggregation, UE indicating the particular GNSS victim system like GPS/GLONASS/BDS/Galileo helps the eNB to do more efficient scheduling. The solution to the indicated interference is left to eNB implementation.
Proposal 1: RAN2 is requested to discuss whether providing the GNSS system type (i.e. GPS/GLONASS/BDS/Galileo) can be considered as an enhancement to the current IDC feature. For each of discussion, two proposals are presented in Appendix A and B. 

4.2 Positionig during Emergency calls 

UE is required to pass regulatory requirements for emergency call purposes. GNSS location determination is required along with any emergency call. If uplink carrier aggregation is configured at the same time on the problematic bands, this can cause interference to GNSS and hence disturb the emergency call. eNB knows about the emergency call in LTE from the E-RAB setup request sent by MME for the emergency bearer. Since eNB already knows about the start of an emergency call, no additional signaling is required to inform the eNB about an emergency call.
Observation 2: No additional signaling is needed to inform the eNB about an emergency call.

A UE configured with idc-Indication can use the signaling in Proposal 1a/1b to indicate to the eNB about the particular interference problem. eNB may then avoid only the problematic resource blocks or simpler for emergency use cases, may avoid SCell grants altogether. The UE can also indicate suitable HARQ patterns in idc-SubframePatternList, like all 0’s on SCell frequency.

Observation 3: During emergency call, if SCell UL which result in interference to GNSS, a UE configured with idc-Indication may indicate tdm-AssistanceInfo and/or the particular GNSS victim system like GPS/GLONASS/BDS/Galileo.

We may also have UE’s not configured with idc-Indication or the eNB may continue scheduling the problematic resource blocks even after indication from UE. In such situations, the UE should be allowed to drop SCell grants. There are two possibilities here: to drop only the SCell uplink grants which cause interference or to drop SCell uplink altogether. 

Drop only the SCell grants which cause interference - This can be inferred from Equation 1, if the intermodulation product falls in the specific GNSS band under consideration. UE, under existing IDC parameters, may already be configured with autonomousDenialParameters. This includes autonomousDenialSubframes and autonomousDenialValidity with possible values of 2, 5, 10, 15, 20, 30 and 200, 500, 1000, 2000 subframes respectively. But we may not want to count the dropped SCell grants (for the purpose of GNSS) in the above for the following reasons:

1) autonomousDenialParameters allow only a maximum dropping rate of 15%. This will not be enough for the purpose of GNSS during emergency call depending on eNB scheduling. 

2) autonomousDenialParameters was intended to be used by the UE for rare and short-term events. Hence, it is not a suitable parameter to include the dropped SCell grants for GNSS.

3) autonomousDenialParameters may not always be configured at the UE at the time of the emergency call.

Hence, even if autonomousDenialParameters is not configured at the UE, the UE will still drop SCell uplink transmissions if it determines that this grant will result in intermodulation interference to GNSS.

Drop SCell UL altogether – The above case of dropping only certain SCell grants will cause ping-pong between transmitting and not transmitting. This may make it difficult for an eNB to detect uplink problem for the UE, especially for an eNB not implementing IDC. The alternative is to allow the UE to drop SCell uplink altogether as if the timing advance timer has expired. 

Proposal 2: If UE is not configured with idc-Indication and relazies SCell UL is causing interference to GNSS during emergency call, it may abstain from UL transmission on SCell. 

Proposal 3: If UE is configured with idc-Indication and relazies SCell UL is causing interference to GNSS during emergency call, it may stop UL transmission on the SCell after transmission of InDeviceCoexIndication to the eNB.

Proposal 4: The autonomous denial of the SCell UL transmission is not counted towards of autonomousDenialParameters configured in UE, if any. The reason is to gurantee accurate positioning is obtained during emergency call. 
4.3 General GNSS use-case 

The current IDC feature, in addition to the potential ehnacement decribed in Section 4.1 can be used for intermod challenges. 

5 Conclusion

Proposal 1: RAN2 is requested to discuss whether providing the GNSS system type (i.e. GPS/GLONASS/BDS/Galileo) can be considered as an enhancement to the current IDC feature. For each of discussion, two proposals are presented in Appendix A and B. 

Proposal 2: If UE is not configured with idc-Indication and relazies SCell UL is causing interference to GNSS during emergency call, it may abstain from UL transmission on SCell. 

Proposal 3: If UE is configured with idc-Indication and relazies SCell UL is causing interference to GNSS during emergency call, it may stop UL transmission on the SCell after transmission of InDeviceCoexIndication to the eNB.

Proposal 4: The autonomous denial of the SCell UL transmission is not counted towards of autonomousDenialParameters configured in UE, if any. The reason is to gurantee accurate positioning is obtained during emergency call. 
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7 Appendix A
7.1 Example 36.331 signaling changes for Proposal 1a
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-r11-v11xy-IEs ::= SEQUENCE {

victimSystemList-r11

VictimSystemList-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}

}

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))


},


...

}
VictimSystemList-r11 ::= SEQUENCE (SIZE (1..maxFreqIDC-r11)) OF VictimSystemTypeList-r11
VictimSystemTypeList-r11 ::= SEQUENCE (SIZE (1..maxIDCVictim-r11)) OF VictimSystemType-r11

VictimSystemType-r11 ::= SEQUENCE {


victimSystem-r11



ENUMERATED {GPS, GLONASS, BDS, Galileo,












 spare4, spare3, spare2, spare1}

}
-- ASN1STOP
6.4
RRC multiplicity and type constraint values

–
Multiplicity and type constraint definitions

maxFreqIDC-r11



INTEGER ::= 32
-- Maximum number of carrier frequencies that are












-- affected by the IDC problems
maxIDCVictim-r11            INTEGER ::= 4   -- Maximum number of IDC victim types
maxFreqMBMS-r11



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











-- MBMS capable UE may indicate an interest

	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]).

	victimSystemList
List of GNSS systems which are the victims of interference due to the E-UTRA carrier frequency indicated in the same order as in affectedCarrierFreqList.


8 Appendix B

8.1 Example 36.331 signaling changes for Proposal 1b

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-r11-v11xy-IEs ::= SEQUENCE {


victimSystemList-r11

VictimSystemList-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}

}

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))


},


...

}

VictimSystemList-r11 ::= SEQUENCE (SIZE (1.. maxIDCVictim-r11)) OF VictimSystemType-r11

VictimSystemType-r11 ::= SEQUENCE {


victimSystem-r11



ENUMERATED {GPS, GLONASS, BDS, Galileo,












 spare4, spare3, spare2, spare1}

}
-- ASN1STOP
6.4
RRC multiplicity and type constraint values

–
Multiplicity and type constraint definitions

maxFreqIDC-r11



INTEGER ::= 32
-- Maximum number of carrier frequencies that are












-- affected by the IDC problems
maxIDCVictim-r11            INTEGER ::= 4   -- Maximum number of IDC victim types
maxFreqMBMS-r11



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











-- MBMS capable UE may indicate an interest

	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]).

	victimSystemList

List of GNSS systems which are the victims of interference due to any of the E-UTRA carrier frequencies indicated in affectedCarrierFreqList.


