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1 Introduction

LTE uplink carrier aggregation on certain bands may cause interference to reception of GNSS and potentially Wi-Fi/Bluetooth. This is due to simultaneous transmission on multiple uplink carriers in these bands creating intermodulation (IM) products which fall in the bands used by other technologies. This was discussed in the last RAN2 meeting and the following has been agreed [1]:

During emergency calls, the network is expected to avoid scheduling SCell UL resources potentially preventing a UE from acquiring its position via GNSS. The network is aware of an ongoing emergency call based on ARP and/or establishment cause.
For other use cases than emergency calls, RAN2 is of the opinion that the Rel-11 IDC feature can be used to resolve the GNSS interference problem.

RAN2 discussed further enhancements to IDC to more efficiently report the affected frequencies. However RAN2 wasn’t sure whether also other victim systems (e.g., Wi-Fi, Bluetooth) should also be taken into account. Feedback from RAN4 is deemed as necessary on this aspect.

If only GNSS needs to be taken into account, RAN2 considers it feasible that the UE reports the GNSS type in the IDC report. The eNB could, based on that information, determine UL exact PRB combinations causing interference to GNSS.
In this paper, we explore possibilities on RAN2 signaling enhancements to solve the interference problem to GNSS in non-emergency use cases and if Wi-Fi, Bluetooth signaling enhancements can be useful to the network.

1.1 IM interference problem 

The scope of the recent IDC enhancement proposals have been limited to inter-mod problems that LTE as the aggressor causes on the victim systems. Consider 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 36.860 [2] depending on the uplink bands configured. victimFreqStart(i), victimFreqStop(i) are the upper and lower frequency range for each of the victim systems. freqMargin is set to 2 MHz.
2 GNSS protection for non-emergency use cases

RAN2 extensively discussed many solutions for IDC before converging to the use of different FDM and TDM solutions. In particular for GNSS, it is understood that a minimum percentage of a bit period is required for reliable detection, as pointed out in 36.816 [3].
In GNSS each bit is DSSS spread over few tens of ms, i.e. 20ms bit period in case of GPS. GNSS requires some amount of interference free time every bit period depending upon GNSS receiver phase (i.e. acquisition, tracking phase). There may be no specific requirement that certain portion of bit period is more critical than other. If GNSS receiver can get sufficient percentage of interference free time out of every bit period then it can possibly recover the signal and solve the in-device co-existence issue.
Observation 1: For reliable reception of GPS signals, UE should be able to obtain a minimum amount of interference- free time in every 20ms period. For accurate positioning, at least 50% of each 20ms GPS frame should be interference-free. 

Observation 2: The current DRX assistance info for IDC allows the UE to choose from {40, 64, 80, 128, 160, 256} subframes for DRX cycle and {20, 30, 40, 60, 80, 100} for active time. 

On the other hand, looking back at RAN2 discussions and chairman notes in RAN2 #78, #79 and #79bis, it seems that somehow the value pair of 20ms for DRX cycle and 10ms for active time was missed (see Appendix 2). 
Proposal 1: RAN2 is requested to discuss whether including drx-CycleLength of 20 subframes and drx-ActiveTime of 10 subframes can be considered as an enhancement to the current IDC feature for GPS protection. 

Furthermore, as we discussed in in [4], GNSS receiver may be affected by IM interference and it will be beneficial to indicate the type of victim system (GPS/GLONASS/BDS/Galileo) to eNB for efficient scheduling. 

Proposal 2: 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. 

3 IM interference to Wi-Fi/Bluetooth

As pointed out in table 9.1-1 of 36.860 [2], UL CA IM products can fall in ISM 2.4 GHz band used by Wi-Fi and Bluetooth, as well as 5 GHz band used by Wi-Fi. Wi-Fi can occupy bandwidths of up to 40 MHz in the 2.4 GHz band and 160 MHz in the 5 GHz band. Bluetooth performs frequency hopping over the frequency range of 2.4 – 2.485 GHz. 
The key difference between Wi-Fi/Bluetooth bands and GNSS bands, is the bandwidth used by the systems. GNSS systems use a bandwidth of 2, 4, 8 MHz as pointed out in [4]. Wi-Fi bandwidths are much higher in comparison. Bluetooth uses only a bandwidth of 1 MHz, but hops over a much wider band. Hence, the probability that an allocated RB combination on UL of LTE causes IM interference on Wi-Fi or Bluetooth is considerably higher than GNSS. 
From Eq. (1), for IM interference, 

victimFreqStart – 2 < m1*g1 + m2*g2 < victimFreqStop + 2,
where g1 is a UL subcarrier of PCC and g2 is a UL subcarrier of SCC. With Wi-Fi or Bluetooth having a much higher bandwidth than GNSS, the problematic OFDM subcarriers (g1 and g2) that satisfy m1*g1+m2*g2 in the above inequality is a larger set. This can be illustrated by the following example:
Consider a Wi-Fi bandwidth of 40 MHz centered on 5280 MHz and LTE 10 MHz + 10 MHz UL CA with PCC UL on f1 = 1925 MHz (Band 1 UL EARFCN 18050) and SCC UL on f2 = 1432.9 MHz (Band 11 UL EARFCN 22800). For this case all 50 resource blocks on f1 and f2 result in IM interference (IM3 with m1 = 2 and m2 = 1) to the Wi-Fi band under consideration. Under such conditions, any combination of resource blocks on f1 and f2 allocated concurrently will cause IM interference to Wi-Fi/Bluetooth.
Hence, the only reasonable thing to do in terms of scheduling is to avoid concurrent scheduling on f1 and f2. The finer granularity of RB combination selection loses its usefulness and it becomes easier to stop concurrent scheduling rather than using a time domain assistance info. It gets easier to find such cases if we increase the Wi-Fi BW. 
Also, the signaling for Wi-Fi/Bluetooth can me much more complicated than GNSS. Wi-Fi channels can be non-contiguous and this will involve signaling each channel separately. 
Observation 3: Even though Wi-Fi/Bluetooth may have IM problems from LTE UL CA, it is less advantageous than GNSS to include the extra signaling indicating the victim frequencies. 
4 Conclusion

Proposal 1: RAN2 is requested to discuss whether including drx-CycleLength of 20 subframes and drx-ActiveTime of 10 subframes can be considered as an enhancement to the current IDC feature for GPS protection. 

Proposal 2: 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. 

An example of signalling changes for these proposals is provided in Appendix.
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6 Appendix 1
6.1 Example 36.331 signaling changes

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-v11xy-IEs








OPTIONAL

}
InDeviceCoexIndication-v11xy-IEs ::= SEQUENCE {


fdm-AssistanceInfoList-r11

FDM-AssistanceInfoList-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, sf20-v11xy, spare1},



drx-Offset-r11





INTEGER (0..255)
OPTIONAL,



drx-ActiveTime-r11




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













 sf100, sf10-v11xy, 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))


},


...

}
FDM-AssistanceInfoList-r11 ::= SEQUENCE (SIZE (1..maxIDCfdmInfo-r11)) OF fdm-AssistanceInfo-r11
fdm-AssistanceInfo-r11 ::= SEQUENCE {


carrierFreqList-r11


CarrierFreqList,


victimSystemListGNSS-r11

VictimSystemListGNSS-r11






OPTIONAL


}
CarrierFreqList ::= SEQUENCE (SIZE (1..maxServCell-r10)) OF MeasObjectId
VictimSystemListGNSS-r11 ::= SEQUENCE (SIZE (1..maxIDCVictim-r11)) OF VictimSystemGNSSType-r11

VictimSystemGNSSType-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

maxIDCfdmInfo-r11           INTEGER ::= 8   -- Maximum number of frequency combinations which 












-- require FDM assistance
maxIDCVictim-r11            INTEGER ::= 8   -- Maximum number of IDC victim types
	InDeviceCoexIndication field descriptions

	affectedCarrierFreqList

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

	CarrierFreqList
List of E-UTRA carrier frequency combinations for which FDM assistance info is provided

	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.

	fdm-AssistanceInfo
FDM assistance information for uplink scheduling. If victim system is GNSS, victimSystemListGNSS is provided to indicate the exact frequencies affected due to the E-UTRA carrier frequency combination indicated in CarrierFreqList. 

	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]).

	victimSystemListGNSS

List of GNSS systems which are the victims of interference due to the E-UTRA carrier frequency combination indicated in CarrierFreqList.


7 Appendix 2

RAN2 email discussion and agreements capturing the IDC DRX values from RAN2#79bis chairman notes 

	R2-124404
Report of email discussion [79#33] [LTE/IDC] IDC open issues; Huawei; Report; result of email discussion [79#33]; related CRs provided in R2-124405, R2-124406;

Proposals:

1: If configured, the IDC indication prohibit timer should be applied to all IDC indications messages.

2: The UE should not repeatedly send the same IDC indication message to the network.

3: As a starting point to move on, a configurable IDC indication prohibit timer is adopted.

4: As a starting point, some initial values, e.g. 100ms, 200ms, 300ms, 400ms, 500ms, 1000ms, 5000ms for a configurable IDC indication prohibit timer can be adopted.

5a: If configured, the UE should clear the IDC indication prohibit timer in case of intra-LTE handover and reestablishment.

5b: If configured, the UE should release the idc-Config upon reestablishment.

5c: RAN2 is request to discuss whether the UE should release the idc-Config, if configured, upon intra-LTE handover.

6: With respect to the E-UTRAN UL carrier frequency, the current mechanism is sufficient and no additional mechanism is needed in Rel-11.

7: There is no need to specify a pre-configured time for phase 2 and it could be left to UE implementation in Rel-11.

8: Once LTE UL autonomous denial rate is configured by the eNB, it is applicable for all phases.

9: There is no need to specify the LTE DL autonomous denials.

10: A moving window is used to specify the start and end of the time validity period over which the autonomous denial subframes shall be counted.

11: Introduce the following values for the IDC assistance information:


Values and/or range of drx-CycleLength-r11: 40, 64, 80, 128, 160, 256 subframes.


Values and/or range of drx-Offset-r11: 0-255.


Values and/or range of drx-ActiveTime-r11: [20, 30, 40, 60, 80, 100]psf.


Values and/or range of maxFreqIDC-r11: 32.


Values and/or range of maxSubframePatternIDC-r11: 8.

12: The new values introduced in DRX-config-r11 are not applicable for non-IDC UEs.

13: One feature group for both FDM+TDM and LTE autonomous denial is sufficient in Rel-11.

Proposal 2: 

-
Huawei thinks that we may have to allow the UE to send the same indication after handover to another eNB. Samsung thinks the UE does not know about eNBs. Ericsson thinks that there may be cases where the UE changes the content of its indication when the eNB has already forwarded the previous indication. ALU thinks that alternatively, the source eNB could still forward the new context eNB status transfer or SN status transfer. NSN agrees that there could be this race condition and NSN thinks that the simplest solution seems to be to allow the UE to re-send it after handover. Samsung thinks we could consider a clarification that the UE may repeat it in the target if it updated it just shortly before receiving the HO command. 

-
Panasonic wonders whether we would want to test this. NSN thinks we should at least prohibit it. 

-
Chairman thinks that proposal 2 is already captured in the current specification. 

Proposal 3: 

-
LG and ZTE think that the eNB has anyway no means to choose a particularly good value. Nokia would also prefer to have a fixed timer value or no timer at all. Ericsson thinks the eNB can e.g. choose the timer value based on the load conditions. LG thinks a small fixed value should be enough. Huawei thinks one small fixed value is not enough. We should go for the majority view. Samsung thinks that the more complex we make the feature the less likely it is that it will ever be implemented. Samsung thinks that 500ms timer value could be OK. We could keep the value in brackets and come back if we think a different value would be needed. Samsung thinks that since we don’t allow repeating the same value there should not really be a problem. QC could support this but would suggest 200ms. Nokia thinks that there may be some situations in which timely updates are needed. But this does not mean that a UE will send indications repeatedly every 200 ms. NSN thinks that we could also go without any prohibit timer. Ericsson thinks it would be testable that the UE does not send too frequent updates. Samsung would be OK not to have any timer. 

Show of hands:

a) no timer: 10 companies

b) fixed timer: 2 companies

c) configurable timer: 14 companies

-
DT is concerned that a broken UE implementation could still flood the NW with indications until the NW is able to de-configure the IDC indication signalling. 

-
Chairman thinks that this discussion shows that we have to test this IDC functionality no matter whether we introduce a timer or not. Otherwise, it is very likely that we see broken UE implementations that flood the NW with indications. Just relying on that the NW may de-configure the feature is not good enough. 

-
Panasonic wonders how the eNB knows whether the reconfiguration helped to UE to resolve its problems. Chairman thinks that for FDM the eNB should know pretty well which solution helps. Nokia thinks that also for TDM the eNB can apply a good solution based on the UE’s indication. Ericsson thinks that the eNB will also see from RRM measurements whether the solution helped. Otherwise, the UE will again enter phase 1 and reflect the IDC interference in RRM measurements. 

-
After offline discussion Huawei suggests not to have any prohibit timer. 

Proposal 5b/5c:

-
ALU does not think that IDC config should be released upon reestablishment. The NW can reconfigure after the first reconfiguration after reestablishment. Samsung thinks then there would be a suspension. ALU agrees that the indication should be suspended until after the first RRCConnectionReconfiguration after re-establishment. ALU thinks this would allow delta signalling and would simplify the procedural text since we don’t add UE autonomous behaviour. ALU explains that the target eNB gets the release of the source configuration and therefore knows whether it has to do a full config. Ericsson agrees with ALU’s understanding and reasoning. Ericsson suggests to keep the configuration both for handover and re-establishment. Nokia wonders what would happen if the UE would send the indication before the reconfiguration (no suspend). ALU thinks that eNB should be able to handle this but we avoided it so far in our specification. More importantly, we should suspend since this is a case where the configuration in the eNB may be different from the configuration in the UE. ZTE thinks we would still need to add text to handle the suspending. ALU thinks we should add in the reestablishment procedure what is supposed to be suspended (for all new indications). ALU thinks this would reflect the general principle that we introduced in Rel-8. ALU thinks we should align also these UE indication procedures. Samsung thinks that on MAC and above we usually keep the configuration and only release the L1 configuration. We could follow that logic here. QC thinks we are doing a functional suspension. Samsung thinks we are suspending the reporting. Ericsson thinks the alternative would be to release the configuration, resulting in the same UE behaviour but requires full-configuration. Nokia does  not want to decide on the functional suspension of a particular feature. 

Proposal 7:

-
QC wonders whether we have to then change the assumption that the measurements are free from IDC interference. QC thinks so. Chairman understands that at some point in time in phase 2, the UE assumes that the eNB will not resolve the IDC problem and then decide whether to block ISM UL transmissions in order to stay connected in LTE or to continue ISM transmission and then potentially having to declare RLF in LTE. 

Proposal 12: 

-
NSN thinks we don’t need a critical extension if we go for this since to ensure that there is no impact on non-IDC UEs. Samsung thinks that so far we have the critical extension in the specification. Samsung expects that the non-critical extension will require quite a few changes and the NW would then have to send the legacy values which the UE then ignores if the new value is present. Samsung would also be OK with that. 

Agreements
2
We re-confirm what stage-3 already covers: The UE shall not repeatedly send the same IDC indication message to the network.

2a
After handover, the UE may repeat an IDC indication with the same content as the last IDC indication sent prior to the handover. This is to resolve the case where the source eNB forwarded the IDC context before the UE sent the last update. (Could try to generalize)

3
We will not have a prohibit timer

(FFS means for further study)

FFS: 4
Upon handover and re-establishment, the idc-Config is not released. 

FFS: 4a
During re-establishment, the idc-Config (IDC indications and autonomous denial) is suspended until the first RRCConnectionReconfiguration following the re-establishment (to avoid that the UE sends indication to an eNB not supporting them). 

6
With respect to the E-UTRAN UL carrier frequency, the current mechanism is sufficient and no additional mechanism is needed.

7
There is no need to specify a pre-configured time for phase 2 and it could be left to UE implementation.

8
Once LTE UL autonomous denial rate is configured by the eNB, it is applicable for all phases.

9
There is no need to specify the LTE DL autonomous denials.

10
A moving window is used to specify the start and end of the time validity period over which the autonomous denial subframes shall be counted.

11
Introduce the following values for the IDC assistance information:


- Values and/or range of drx-CycleLength-r11: 40, 64, 80, 128, 160, 256 subframes.


- Values and/or range of drx-Offset-r11: 0-255.


- Values and/or range of drx-ActiveTime-r11: [20, 30, 40, 60, 80, 100]psf.


- Values and/or range of maxFreqIDC-r11: 32.


- Values and/or range of maxSubframePatternIDC-r11: 8.

12
The new values introduced in DRX-config-r11 are not applicable for non-IDC UEs. 

12a
The new DRX-config-r11 is implemented as non-critical extension

13
One feature group for both FDM+TDM and LTE autonomous denial is sufficient in Rel-11.




