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1. Introduction
At RAN2#88, a potential interference to the GNSS receiver due to Inter-Modulation Distortion (IMD) in the UL CA operation was briefly discussed and postponed [1]. RAN2 at this meeting received detailed information on the potential solutions from RAN4 as shown below [2]. 
	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).


This paper discusses to implement the signalling required for the identified solutions.
2. Discussion
2.1. Signalling design
RAN4 leaves the signalling design with RAN2, i.e., whether the existing IDC feature is reused/enhanced or a new procedure is introduced [2]. The GNSS receiver protection from LTE UL transmission was covered by Rel-11 IDC. One of the potential solutions in the LS (Solution 3) seems the TDM solution specified for IDC. As such, it is quite sensible to reuse and enhance the existing IDC feature for this issue as well. The following is proposed:
Proposal 1:

The IDC feature is reused and enhanced (if needed) for GNSS receiver protection in UL CA.
2.2. Emergency call case

To protect the GNSS reception, the eNB does not allocate UL resources on multiple CCs during the emergency call [2]. For this to work, the eNB needs to know if an emergency call is originated or on-going for the UE in RRC_CONNECTED. An explicit indication from the UE as proposed in [1] can be a solution. On the other hand, the eNB can distinguish the emergency call from the other services including the normal IMS call by itself. This is based on the fact that different QoS parameters from the other services can be applied for the emergency call, e.g., QCI and ARP. Therefore, the emergency call indication from the UE is not needed.
If the eNB allocates UL resources on multiple CCs during the emergency call, RAN4 decided to apply the autonomous UE behaviour to drop UL transmission on SCells [2]. When UL autonomous denial was introduced for Rel-11 IDC, RAN2 agreed to make it under the eNB control to comply with the existing specifications [3]. According to this history, the additional autonomous denial on SCells should also be managed by the eNB. Consequently, the followings are proposed for the emergency call case:
Proposal 2:
During an emergency call, the eNB does not allocate UL resources on multiple CCs.
Proposal 2a:
The UE does not have to indicate if an emergency call is originated or on-going (as the eNB can be aware of it).

Proposal 2b:
If the eNB allocates UL resources on multiple CCs during the emergency call, the UE can autonomously drop UL transmission on SCells.

Proposal 2c:
The eNB should be able to configure the autonomous denial on SCells for the UE. I.e., if not configured, the UE shall not perform any autonomous denials (as it is).
2.3. Other GNSS use cases

For the other services together with GNSS, one of the solutions (Solution 1, 2, 3 or 4) is applied while the GNSS receiver is turned on. For this to work, the UE has to indicate to the eNB whether GNSS is turned on or off and the GNSS frequency range that needs to be protected, in addition to the other information (e.g., DRX cycle) [2]. Figure 1 illustrates how such the indication can be realised by the existing IDC procedure and the additional IEs required for the GNSS on/off indication.
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Figure 1: IDC procedure for GNSS on/off indication
Step 1:
IDC setup together with UL CA.
If the eNB configures an UL CA band combination by which the IMD falls into the frequency range of GNSS receiver, idc-Config is included and set to setup together with the measurement objectives for all the serving cells (f1, f2) in the RRCConnectionReconfiguration procedure. The eNB (via OAM) can learn the corresponding UL CA band combinations since inter modulation products are derived by the concerning carrier frequencies and their modulation order. For this step, the existing IDC configuration procedure can be reused as it is.
Step 2:
Solution is activated when the GNSS receiver is turned on.
The InDeviceCoexIndication message can be used for the UE to tell the eNB that the GNSS receiver is turned on. The affectedCarrierFreqList includes two carrier frequencies (f1 and f2) by which IMD is occurred, and the interferenceDirection set to “other”. The tdm-AssistanceInfo can also be included to apply the TDM solution. The UE has to tell the frequency range of the victim GNSS receiver, which is not possible in the current IDC indication. The GNSS frequency range can be uniquely identified by the GNSS type (e.g., GPS, Glonass, etc.) [1]. As such, the victim GNSS type needs to be added in the InDeviceCoexIndication message. Upon receiving the IDC indication from the UE, the eNB starts to apply the solution. Other than the victim GNSS type, no additional information would be foreseen.
Step 3:
Solution is deactivated when the GNSS receiver is turned off.

When the GNSS receiver is turned off, the UE sends an empty InDeviceCoexIndication message likewise the existing IDC procedure, i.e., indicating that IDC problem is over. Upon receiving the empty message, the eNB stops applying the solution.
Step 4:
IDC configuration release with UL CA.

When UL CA is deconfigured for the UE, the idc-Config is also released. After that, the UE does not send an IDC indication due to GNSS on/off.
From the above analysis, the followings are proposed:
Proposal 3:
The existing IDC procedure is used for the UE to indicate whether the GNSS receiver is turned on or off as well as the other existing assistance information (e.g., tdm-AssisanceInfo) in UL CA.
Proposal 3a:
The victim GNSS type is added to the InDeviceCoexIndication message. The UE includes it when the GNSS receiver is turned on.
2.4. Release to support the signalling enhancement
RAN4 asked RAN2 to support the signalling from Rel-11 as 2 UL inter-band CA is treated as release independent from Rel-11 and onwards [2]. Nevertheless, it is worthwhile discussing an appropriate release to introduce this signalling enhancement. Even though it is introduced from Rel-12 and the UE is required to comprehend the Rel-12 ASN.1, the UE can be compliant with the Rel-11 specification from the functional point of view by indicating the AS release as “Rel-11”. Related to this, the current release handling and ASN.1 freeze process was recently discussed by TSG-RAN [4]. The current procedure and possible alternatives to implement an urgent functionality were also discussed. Although there was no consensus, the following opinions were found [4]:
However, among those, several companies acknowledged that one should aim additions to very early releases, i.e., it should be considered to add new functionality only to the most recently frozen release.
Therefore, the following is proposed:
Proposal 4:
RAN2 is asked to discuss whether the IDC enhancement for GNSS protection in UL CA is introduced from Rel-11 or Rel-12.
3. Summary and proposal
This paper discussed the signalling implementation for GNSS receiver protection in UL CA. In summary, the followings were proposed:
Proposal 1:

The IDC feature is reused and enhanced (if needed) for GNSS receiver protection in UL CA.
Proposal 2:
During an emergency call, the eNB does not allocate UL resources on multiple CCs.
Proposal 2a:
The UE does not have to indicate if an emergency call is originated or on-going (as the eNB can be aware of it).

Proposal 2b:
If the eNB allocates UL resources on multiple CCs during the emergency call, the UE can autonomously drop UL transmissions on SCells.

Proposal 2c:
The eNB should be able to configure the autonomous denial on SCells for the UE. I.e., if not configured, the UE shall not perform any autonomous denials (as it is).
Proposal 3:
The existing IDC procedure is used for the UE to indicate whether the GNSS receiver is turned on or off as well as the other existing assistance information (e.g., tdm-AssisanceInfo) in UL CA.
Proposal 3a:
The victim GNSS type is added to the InDeviceCoexIndication message. The UE includes it when the GNSS receiver is turned on.

Proposal 4:
RAN2 is asked to discuss whether the IDC enhancement for GNSS protection in UL CA is introduced from Rel-11 or Rel-12.
The CRs for these proposals are also provided at this meeting [5, 6]. 
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