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1 
Introduction

RAN2 received an LS from RAN4 [1] in which RAN4 reports that it has identified potential interference to GNSS reception with the inter-modulation products generated by simultaneous two or more uplink inter-band transmission. RAN2 discussed the potential solutions for both emergency call and other cases utilising GNSS and made following agreements:


  Agreements
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. 

Updated LS text

RAN2 would like to thank RAN4 for their LS on 2 UL inter-band CA protection of GNSS. For emergency calls the following was agreed:


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. 

The topic was discussed in RAN4. It seems that many companies agreed that there are other victims for IDC interference than GNSS due to UL CA but not all companies consider that those systems should be protected.

2 Discussion
2.1  Applicability of IDC solution for UL CA
In-device co-existence avoidance mechanism introduced in Rel-11 targeted to solve the problem scenarios where the UE suffers from interference between the LTE and ISM/GNSS signal. Both cases where the LTE is the victim and aggressor were considered. 
In Rel-11, different victim systems, Bluetooth, WLAN and GNSS were considered equally. There was no discussion if some system needs to be protected more than others. Following that principle, also the IDC enhancements addressing UL CA problems should be applicable irrespective of the type of target radio system.
Proposal 1 The IDC enhancements addressing UL CA problems are applicable irrespective of the type of target radio system to be protected (BT, WLAN, GNSS) 

In RAN4 LS, it was discussed that it may be sufficient to avoid scheduling selected UL PRBs rather than disabling an entire UL carrier for a UE. In principle this could be possible but such granularity was not considered in Rel-11. While PRB granularity may give higher throughput compared to completely deactivating a problem-SCell, we do not find it critical to do throughput enhancements in a scenario where the UE suffers from IDC problems.
Proposal 2 PRB level granularity is not needed for IDC problem avoidance
2.1.1 Solutions for UL CA case
In the following, we consider to use FDM based solution to solve in-device coexistence issues appearing due to UL CA: When the UE reports IDC problems, the network can deactivate or de-configure one or more uplink SCells. 
The FDM indication from the UE includes the following information in Rel-11 IDC mechanism:
AffectedCarrierFreq-r11 ::=
SEQUENCE {


carrierFreq-r11



MeasObjectId,


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

}

	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]).


In current IDC mechanism, the UE lists problematic LTE frequencies (by pointing to the corresponding measurement object) and indicates if this LTE frequency is the victim or aggressor by setting the parameter interferenceDirection. If the direction is “eutra”, then the eNB can avoid transmissions on the affected LTE downlink carrier..If direction is “other”, the eNB can avoid scheduling transmissions on the indicated UL carrier. If "both" are signaled then both UL and DL transmissions need to be taken into account.
From current signalling, the network cannot distinguish whether a listed carrier by itself is problematic or only when configured together with uplink carriers (UL CA). Due to inter-modulation effects, the latter may be the case even though the individual carriers are well usable without causing IDC problems. If the UE intends to indicate such intermodulation problems caused by UL CA, the eNB may deduce incorrectly that the UL carriers as such cannot be used at all (not even as UL PCell when no UL SCells are being configured). Thus, some additional information is needed. 
So one option is that information of which UL CA combinations are problematic, is included in the IDC indication. By this way the eNB can directly deduce which LTE frequencies need to be avoided for UL CA.
Alternatively, the UE could indicate the GNSS type the UE intends to use. Based on this information the eNB can derive which UL CA combinations are problematic and avoid configuring those. However, there are two problems with this: 1) the solution is not applicable to the BT and WLAN case and 2) depending on UE implementation, the interference problems due to different modulation orders may vary. 

A third alternative is that the UE signals the victim frequency (ISM or GNSS frequency) and bandwidth together with the victim technology. However, this has similar problems as the previous one: for the eNB it is difficult which LTE frequencies to avoid as it depends on UL CA combination, UE implementation etc.
We would prefer a simple solution where the eNB can directly derive which LTE frequencies/band combinations should be avoided. 
Proposal 3 Extend the IDC indication so that the UE can indicate to the network which LTE band combinations are causing IDC problems 
2.2 Details of signalling

As discussed in the previous section, we propose to signal problematic UL CA combinations in LTE side. This would be sufficient information for the eNB to solve the problem.
There are different alternatives for the signalling:

1. Signal all possible UL CA combinations that are problematic in the IDC indication 

2. Signal which UL CA combinations that are problematic in capability signalling

3. Signal if the currently configured UL CA configuration is problematic

4. Signal combinations of configured EUTRA Measurement Objects (IDs) that cause or would cause UL-IDC problems. 

The first alternative is rather flexible but the issue is that signalling load is quite heavy. The second alternative saves signalling but the problem is that capability signalling is static signalling whereas IDC indication is dynamic indication and depends on if the WIFi/BT/GNSS device is on. Finally, third alternative would be to signal if the current UL CA configuration is problematic. However, this solution would solve the problems only when they have occurred already. In Rel-11 IDC mechanism, the intention was that problems can be solved before they occur. In addition, the number of RRC messages can be high if the UE informs one by one that the CA configuration which was just configured, is problematic.
One solution to reduce signalling load in Alternative 1 would be to signal an index referring to band combination entry in the UE capability signalling. In Rel-10, there are 128 potential combinations (maxBandComb-r10) and in Rel-11 there are 256 potential combinations (maxBandComb-r11). 

The signalling could include a bitmap indicating if the corresponding band combination is problematic. Here the bit would be 1 if the combination is suffering from IDC interference and otherwise 0.
AffectingUL-CA-BandCombinations-r12 ::=
SEQUENCE {


bandcombinationList-r12           BIT STRING (1..maxBandComb-r10),

bandcombinationListAdd-r12        BIT STRING (1..maxBandComb-r11)


OPTIONAL
}

Alternatively, the UE can indicate the list of indexes to the problematic band combinations:

AffectingULCABandCombinations-r12 ::=
SEQUENCE {

bandCombinationList-r12       SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandCombInfo,  


bandCombinationListAdd-r12
  SEQUENCE (SIZE (1..maxBandComb-r11)) OF BandCombInfoAdd OPTIONAL
}

BandCombInfo-r12 ::= INTEGER (1..maxBandComb-r10)

BandCombInfoAdd-r12 ::= INTEGER (1..maxBandComb-r11)

}

In Rel-11 the UE was only allowed to report IDC issues occurring or expected to occur on/by a carrier for which a measurement object is configured (from 36.331, section 5.6.9.3: “include the IE affectedCarrierFreqList with an entry for each affected E-UTRA carrier frequency for which a measurement object is configured”). This was based on the assumption that the network would typically configure an RRM measurement on a carrier before configuring it as serving cell. As soon as the measurement object is configured the UE should report (expected) IDC problems. 
Following the same principle, in fourth alternative, the UE would only indicate IDC problems for a supported combination of UL carriers if measurement objects are configured for all corresponding DL carriers of that combination. We consider that this solution would be more aligned with Rel-11 mechanism.
Proposal 4 The UE reports IDC problems for a combination of carriers if …
a) measurement objects are configured for all the (corresponding DL) carriers; and
b) the UE supports UL CA among those carriers; and
c) the UE experiences or expects to experience IDC problems due to that carrier combination.
Proposal 5 A carrier combination is identified by a set of the corresponding MeasObjectId’s.

ASN.1 example of this solution is given here:

UL-CA-AssistanceInfo-r12 ::=
SEQUENCE (SIZE (1..maxCombIDC-r12)) OF CarrierCombInfo
CarrierCombInfo-r12 ::= SEQUENCE (SIZE (1..maxServCell-r10)) OF MeasObjectId

2.3 Release of enhancements
It should be discussed in which release the enhancement should be introduced. LS from RAN4 mentions that signalling would be needed starting from Rel-11 since 2UL Inter-band CA feature is treated as release independent from Rel-11 onwards.
We consider that signalling is not necessarily needed in Rel-11 specifications. It would be sufficient to have this in Rel-12. Introducing enhancement in Rel-13 is quite late. 

Proposal 6 Introduce IDC enhancement in Rel-12 
3 Conclusion

Based on the discussion in this contribution we propose the following:
Proposal 1
The IDC enhancements addressing UL CA problems are applicable irrespective of the type of target radio system to be protected (BT, WLAN, GNSS)
Proposal 2
PRB level granularity is not needed for IDC problem avoidance
Proposal 3
Extend the IDC indication so that the UE can indicate to the network which LTE band combinations are causing IDC problems
Proposal 4
The UE reports IDC problems for a combination of carriers if … a) measurement objects are configured for all the (corresponding DL) carriers; and b) the UE supports UL CA among those carriers; and c) the UE experiences or expects to experience IDC problems due to that carrier combination.
Proposal 5
A carrier combination is identified by a set of the corresponding MeasObjectId’s.
Proposal 6
Introduce IDC enhancement in Rel-12
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