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1. Introduction
This paper attempts to continue to work on IDC enhancements for Inter-Modulation Distortion (IMD) in UL CA expecting that a reply LS from RAN4 is available at this meeting. Based on the offline talk among interested companies before the meeting, this paper provides the possible consensus at minimum and the open issues as to the additional information provided by the UE to address the UL CA specific problem. In this paper, it is assumed that WLAN and Bluetooth should be protected as well as GNSS.
2. Discussion
2.1. Rationale of WLAN/Bluetooth support
Although RAN2 asked in the reply LS whether the other radios (e.g., WLAN, Bluetooth) should be considered as victims of IMD in UL CA [1], the history of Rel-11 IDC study/work should be reminded to learn why it is designed to cope with WLAN and Bluetooth.
In TR 36.816, the following coexistence interference scenarios and the usage scenarios are identified between LTE radio and other radio technologies:
1)
LTE coexisting with Wi-Fi

1a)
LTE + Wi-Fi portable router

1b)
LTE + Wi-Fi offload

2)
LTE coexisting with Bluetooth

2a)
LTE + BT earphone (VoIP service)

2b)
LTE + BT earphone (Multimedia service)

3)
LTE coexisting with GNSS

3a)
LTE + GNSS receiver

The TR states explicitly that in all the scenarios, LTE UL transmissions cause interference to the other radios no matter how the LTE UL transmission is generated. In that sense, the target scenarios can be considered valid for UL CA as well.
Based on the SI conclusion, the follow-up work was conducted to introduce solutions for the identified usage scenarios [2]. In accordance with the scope of the WID, the Rel-11 IDC mechanism was developed to cope with WLAN/Bluetooth as well as GNSS as specified in TS 36.300/331.
By recalling the above history, if a solution to mitigate IMD in UL CA is designed by reusing Rel-11 IDC, it is well aligned with the conclusion and the scope of Rel-11 IDC study/work to consider WLAN/Bluetooth as target victims as well as GNSS. No matter what RAN4 provides feedback, the following proposal can be considered in the realm of RAN2 responsibility.
Proposal 1:
If IDC is enhanced to cope with IMD in UL CA, the solution should be applicable to WLAN/Bluetooth as well as GNSS.

2.2. Possible minimum consensus

As discussed in the #89 meeting, the objective of further IDC enhancements is to enable the eNB to determine UL exact PRB combinations causing interference to the other victim radio [1]. To do this, the eNB has to learn the frequency range in which the victim radio receives the interference. To obtain it in a generic manner applicable to all the victim radios, the following assistance information can be considered at minimum:
-
Carrier frequency of the victim radio.
-
Channel bandwidth of the victim radio.

-
Victim radio information (i.e., GPS, GLONASS, BeiDou, Galileo, WLAN and Bluetooth)
The victim radio information is needed in particular to cover Bluetooth. Bluetooth adopts 1 MHz of channel bandwidth together with frequency hopping in 80 MHz of the ISM band. As such, the carrier frequency and the channel bandwidth may not always be meaningful. As for the minimum enhancement, the following is proposed.
Proposal 2:
The following FDM assistance information is introduced in the InDeviceCoexIndication message:





-
Carrier frequency of the victim radio.






-
Channel bandwidth of the victim radio.






-
Victim radio information (i.e., GPS, GLONASS, BeiDou, Galileo, WLAN and Bluetooth).
For example, a Rel-13 CR to implement Proposal 2 is available at this meeting [3].
2.3. Open issues

During the offline discussion until this meeting, the following additional elements were proposed for which further discussion seems required:
· Root cause of UL interference.
In the existing IDC indication, the UE can report the list of carrier frequencies affected by IDC problems. When IDC is configured for the UE together with UL CA, the UE can include multiple carriers used for UL CA and report that they are causing interference. Nonetheless, the eNB cannot know whether their combination (i.e., IMD) is problematic or single carrier transmission among them (i.e., harmonics) is problematic. To resolve this, the UE indicates the root cause of interference together with the affectecCarrierFreqList. If introduced, the additional specification impact on top of Proposal 2 looks like as follows.
InDeviceCoexIndication-v13xy-IEs ::=
SEQUENCE {


fdm-AssistanceInfo-r13



FDM-AssistanceInfo-r11





OPTIONAL,

interferenceCauseUL-r13



ENUMERATED {imd, harmonics, spare2, spare1}
OPTIONAL,

nonCriticalExtension



SEQUENCE {}








OPTIONAL

}

	InDeviceCoexIndication field descriptions

	interferenceCauseUL

Indicates the root cause of IDC interference from E-UTRA to another radio. Value imd indicates that IDC interference causes due to Inter-Modulation Distortion of simultaneous transmission of multiple E-UTRA carriers. Value harmonics indicates that IDC interference causes due to harmonics of an E-UTRA single carrier transmision. The other radio refers to either the ISM radio or GNSS (see 3GPP TR 36.816 [63]). The UE includes this field only if the affectedCarrierFreqList includes multiple E-UTRA carrier frequencies whose interferenceDirection is set to other or both.


· Other band combinations causing interference to the victim radios than the one configured for the UE.
In addition to reporting the root cause of UL interference due to UL CA being configured for the UE, it was also proposed to report the other CA band combinations causing interference to the victim radios. With this knowledge, the eNB can avoid to configure the problematic band combination for the UE. On the other hand, increased signalling overhead was felt as a concern if it is included whenever the UE sends the IDC indication. Given that the problematic band combination is rather static information, an alternative approach was also suggested to include them as a UE capability if needed.
· The order of Inter-Modulation

According to the study of 2 UL CA, there is a band combination which generates multiple inter-modulations to the same victim radio [4]. For instance, CA_2A-4A generates IMD3 and IMD5 to all GNSSs and ISM 5GHz as excerpted from [4] in the Annex section of this paper. Some UEs may be able to tolerate one IM whereas the others may not, due to different RF design. In this case, the UE report the list of IM orders which the UE cannot tolerate without the eNB assistance.
In addition to the FDM solution enhancement, the TDM solution enhancement was proposed at the past meeting [5]. It is aimed at ensuring a minimum amount of interference free time in every GPS frame period (20 ms). The proposal was to introduce 20 sub-frames of drx-cycleLength and 10 sub-frames of drx-ActiveTime ensuring the 50% interference free time.
The above open issues need to be discussed for further during this meeting. The following is proposed.
Proposal 3:
The following open issues should be discussed for further during this meeting and should be decided if supported or not.






-
Root cause of UL interference.

-
Other band combinations causing interference to the victim radios than the one configured for the UE.






-
The order of Inter-Modulation.

-
TDM solutions enhancement introducing 20 sub-frames of drx-cycleLength and 10 sub-frames of drx-ActiveTime.
Depending on the amount of changes and complexities, the target release should also be decided whether the enhancement is introduced from Rel-11 as asked by RAN4 or from the open release, i.e., Rel-13.
Proposal 4:

Target release to introduce the IDC enhancement should be discussed.
3. Summary and proposal
This paper attempted to continue to work on IDC enhancements for IMD in UL CA. In summary, the followings were proposed.
Proposal 1:
If IDC is enhanced to cope with IMD in UL CA, the solution should be applicable to WLAN/Bluetooth as well as GNSS.
Proposal 2:
The following FDM assistance information is introduced in the InDeviceCoexIndication message:






-
Carrier frequency of the victim radio.






-
Channel bandwidth of the victim radio.






-
Victim radio information (i.e., GPS, GLONASS, BeiDou, Galileo, WLAN and Bluetooth).

Proposal 3:
The following open issues should be discussed for further during this meeting and should be decided if supported or not.






-
Root cause of UL interference.

-
Other band combinations causing interference to the victim radios than the one configured for the UE.






-
The order of Inter-Modulation.

-
TDM solutions enhancement introducing 20 sub-frames of drx-cycleLength and 10 sub-frames of drx-ActiveTime.
Proposal 4:

Target release to introduce the IDC enhancement should be discussed.
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Annex
Results of IMD study (excerpted from TR 36.860)

Table 9.1-1: Results of the IMD study showing the components falling on own Rx, ISM and GNSS frequencies. Band configurations belonging to interband class A4 are bolded.

	
	Own Rx
	Beidou
	Galileo
	GLONASS
	GPS
	ISM 2.4GHz
	ISM 5 GHz

	CA_1A-5A
	IMD4
	
	
	
	
	3rd harm.
	3rd harm., IMD4,IMD5

	CA_1A-7A
	
	
	
	
	
	
	3rd harm., IMD4, IMD5

	CA_1A_8A
	IMD4
	IMD5
	IMD5
	IMD5
	IMD5
	
	3rd harm., IMD4,IMD5

	CA_1A-11A
	
	
	
	
	
	IMD3, 

IMD4
	3rd harm., IMD3

	CA_1A-18A
	
	
	
	
	
	3rd harm.
	3rd harm., IMD4,IMD5

	CA_1A-19A
	IMD4
	
	
	
	
	
	3rd harm., IMD4,IMD5

	CA_1A-21A
	
	
	
	
	
	IMD3, 

IMD4
	3rd harm., IMD3

	CA_1A-26A
	IMD4
	
	
	
	
	3rd harm.
	3rd harm., IMD4,IMD5

	CA_2A-4A
	IMD3, IMD5
	IMD3, IMD5
	IMD3, IMD5
	IMD3
	IMD3, IMD5
	
	3rd harm., IMD3, IMD5

	CA_2A-5A
	
	
	
	
	
	3rd harm.
	3rd harm., IMD4,IMD5

	CA_2A-12A
	
	IMD5
	IMD5
	IMD5
	IMD5
	
	3rd harm., IMD4,IMD5

	CA_2A-13A
	
	2nd harm.
	2nd harm.
	
	2nd harm.
	
	3rd harm., IMD4

	CA_2A-17A
	
	IMD5
	IMD5
	IMD5
	IMD5
	
	3rd harm., IMD4,IMD5

	CA_3A-5A
	IMD2, IMD4, IMD5
	IMD5
	IMD5
	IMD5
	IMD5
	3rd harm.
	3rd harm., IMD4,IMD5

	CA_3A-7A
	IMD4
	IMD4
	IMD4
	IMD4
	IMD4
	
	3rd harm., IMD3

	CA_3A-8A
	IMD4, IMD5, 2nd harm.
	IMD4
	IMD4
	IMD4
	
	
	3rd harm., IMD4,IMD5

	CA_3A-19A
	IMD2, IMD4, IMD5
	IMD5
	IMD5
	IMD5
	IMD5
	
	3rd harm., IMD4,IMD5

	CA_3A-20A
	IMD4
	IMD5
	IMD5
	IMD5
	IMD5
	
	3rd harm., IMD4,IMD5

	CA_3A-26A
	IMD2, IMD4, IMD5
	IMD5
	IMD5
	IMD5
	IMD5
	3rd harm.
	3rd harm., IMD4,IMD5

	CA_3A-28A
	
	
	
	
	
	IMD2
	3rd harm., IMD4,IMD5

	CA_4A-5A
	IMD2, IMD5
	IMD5
	IMD5
	IMD5
	IMD5
	3rd harm.
	3rd harm., IMD4,IMD5

	CA_4A-7A
	IMD4
	IMD4
	IMD4
	IMD4
	IMD4
	
	3rd harm., IMD3,IMD4

	CA_4A-12A
	3rd harm., IMD4
	
	
	
	
	IMD2
	3rd harm., IMD4,IMD5

	CA_4A-13A
	
	2nd harm.
	2nd harm.
	
	2nd harm.
	
	3rd harm., IMD4,IMD5

	CA_4A-17A
	3rd harm.
	
	
	
	
	IMD2
	3rd harm., IMD5

	CA_5A-7A
	IMD3, IMD5
	
	
	
	
	3rd harm., IMD5
	IMD3, IMD5

	CA_5A-12A
	
	IMD2
	IMD2
	
	IMD2
	3rd harm., IMD3
	

	CA_5A-17A
	
	IMD2
	IMD2
	
	IMD2
	3rd harm., IMD3
	

	CA_5A-25A
	
	
	
	
	
	3rd harm.
	3rd harm., IMD4,IMD5

	CA_7A-20A
	IMD3, IMD5
	
	
	
	
	IMD5
	IMD3, IMD4,IMD5

	CA_7A-28A
	
	
	
	
	
	
	IMD3, IMD5

	CA_8A-11A
	
	
	
	
	
	IMD5
	IMD4,IMD5

	CA_8A-20A
	IMD3, IMD5
	IMD4
	IMD4
	IMD4
	IMD4
	IMD5
	

	CA_8A-26A
	IMD3, IMD5
	IMD4
	IMD4
	IMD4
	IMD4
	3rd harm., IMD5
	

	CA_11A-18A
	
	
	
	
	
	3rd harm.
	IMD4,IMD5

	CA_12A-25A
	
	IMD5
	IMD5
	IMD5
	IMD5
	IMD4
	3rd harm., IMD4,IMD5

	CA_19A-21A
	
	
	
	
	
	
	IMD4,IMD5

	CA_39A-41A
	
	IMD4
	IMD4
	IMD4
	IMD4
	
	2nd harm., 

3rd harm., IMD4, IMD5
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