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1. Introduction

Protection of GNSS reception while simultaneously transmitting on two uplink component carriers continues to be discussed without resolution.  Since the previous proposal of P-MPR [1] could not be agreed be all companies, in this contribution, we explore other solutions including signaling to the network when interference arises.  

2. Discussion

In previous discussions, it has been recognized that the problem of GNSS interference exists and must be resolved.  Nearly half of the 2UL inter-band CA combinations are potentially impacted by this problem.  A proposal in [1] to extend the existing P-MPR definition to protect GNSS from 2UL intermodulation products was viewed by some companies as being too broad.  Instead, a preference was stated to seek a signaling solution.  
A necessary condition for signaling

The essence of a signaling-based solution is that it depends on communication between the UE and the network to mutually solve the problem.  The UE indicates a problem and the network provides the means for a solution.  In order for a signaling solution to be successful, it is important to first recognize that 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.  As a consequence, one attribute of any signaling solution is that there must be assurance that the UE will be able to comply with these requirements to successfully receive the GNSS signal.  For example, it has been discussed that existing in-device signaling mechanisms can be used for this purpose.  However, existing IDC mechanisms are based on request; that is, the UE indicates to the network that it needs accommodation and requests specific scheduling behavior of the network.  The network may or may not grant such requests from the UE since IDC was designed primarily for preservation of services on "best-effort" basis.  Indeed, depending on the other constraints on the scheduler, it may not be possible to grant the request without disrupting service for other users.  Moreover, the IDC mechanisms themselves are only optionally supported by any given network.  
Thus, 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.  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. 
Option 1: Existing IDC signaling
We next consider various aspects and alternatives of signaling.  Signaling is necessary to identify to the network that the UE is attempting to receive a GNSS transmission and that 2UL intermodulation products may impede that possibility.  Two possibilities exist.  The first is to reuse the existing IDC TDM signaling 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.  The IDC signaling element is shown below from TS 36.331.
-- 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



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))


},


...

}
-- ASN1STOP
Unfortunately, existing IDC mechanisms were not derived specifically for GNSS protection and are not sufficient.  For example, autonomous denial gaps can only be configured to at most 15% on a subframe basis, which would not be sufficient to protect GNSS.  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.  Lastly, a subframe pattern can be requested consisting of four bits 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.  Nonetheless, despite the conclusion that existing IDC mechanisms are not suitable for protection GNSS, the signaling associated with the IDC feature may be useful as feedback to the network that a GNSS problem exists in the UE.
For example, the UE can send the IDC indication message, but with the fields populated in a pre-determined way to indicate to the network the GNSS problem.  The affected carrier frequency can be listed as the SCC carrier frequency, the interference direction listed as "other", and the subframe pattern as "1111".  With this indication, the network can then take necessary action to alleviate the GNSS interference problem at the UE.  Such action may include intelligent scheduling adjustments to avoid RB locations which are known to generate IM products landing into GNSS bands.  Such restrictions in RB locations may be identified for each band combination by RAN4.  Alternatively, a more brute force approach could be for the network to simply deactivate the SCC for uplink.
Thus, this approach entails reusing the existing IDC signaling, but only as a method to indicate to the network that some correction action should be taken.  The specific action to be taken is not defined in the IDC message itself, but is left to the network.

Option 2: New or modified signaling

One disadvantage of reusing existing IDC signaling as described above for option 1 is that a specific interpretation must be attached to the message.  In other words, it is the specific fields -- setting subframe pattern to '1111' -- that tells the network that the indication pertains to GNSS interference due to 2UL intermodulation products.  A more desirable approach would be to create new signaling or extend the existing signaling to be more explicit about GNSS interference with 2UL CA.  At the same time, additional information could be supplied in this new messaging to assist the network in .  For example, one option could be to include in this message an index to a table.  The table could be defined in 36.101 to list the RB restrictions necessary to avoid GNSS interference.  Another option could be to include information regarding the nature of the interference such as the order of the IM product.  The limitations with existing IDC signaling could be overcome by modifying fields.  For example, the autonomous denial rate could be increased to, for example, 50% to support, and allowed to be specified on a per-carrier basis or the DRx cycle length and activity timer could be modified to be strictly enforced.  
3. Conclusion
In this contribution, we have provided alternatives for a signalling-based solution to GNSS interference caused by 2UL carrier aggregation.  Either the existing IDC signalling methods can be used only as an indication to the network that a GNSS interference condition exists.  In this case, existing Rel-11 signalling is already in place.  The network is then responsible for scheduling adjustments to alleviate the interference.  Alternatively, new signalling can be created or the existing IDC signalling can be enhanced to provide additional information to the network regarding the GNSS interference, including possibly the RB restrictions needed or extensions of the existing IDC mechanisms.  Timing considerations for dynamic or semi-static signalling were also discussed.
However, before a signalling solution can be adopted as a solution to GNSS interference, it is proposed to agree to the following way forward proposals.

Proposal 1:  The support of signalling for IDC GNSS interference shall be mandatory for the network that supports 2UL inter-band CA.

Proposal 2a:  The network shall take appropriate measure to ensure that GNSS interference is mitigated when signalling from the UE is received.

Proposal 2b:  If GNSS interference is still present because the network was not able to take action or if the action is not effective or timely, the UE is allowed to autonomously take action to protect GNSS reception.
Reference

[1] R4-145129, "TP for 36.860: 2UL inter-band CA impact to GNSS," Qualcomm Incorporated

1
1

