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1. Introduction
In Rel-15, the IDC Frequency Division Multiplexing (FDM) solution was introduced to support the EN-DC. In Rel-16, the IDC FDM solution was introduced to support the standalone NR. However, the current IDC solution in NR has the following limitations
1. The affected frequencies cannot be adequately indicated via the NR FDM solution
2. TDM solution as in LTE is not available
In RAN#94e, the new work item for In-Device Co-existence (IDC) enhancements for NR and MR-DC was approved [1]. In the WID, the following objective was agreed:

	This WI expects to address interference between 3GPP (including various MR-DC architectures, i.e. NR-DC and EN-DC) and non-3GPP RAT (e.g. WiFi).
· Enhancements to FDM solution, to allow more granular indication of affected frequencies (e.g. granularity of BWP or PRB level). (RAN2)
Note: Enhancements to FDM solution is prioritized.
· Introduction of TDM solution (e.g. indication of UE preferred TDM pattern for UL/DL). (RAN2, RAN4).
Note: The TDM solution is considered complementary to the FDM solution.
· Specify RRM requirements for TDM solution (RAN4)
Note: LTE IDC solution should be considered as the baseline for the solutions developed in this WI.




This paper first discusses the scenarios where the TDM solution enhancement is needed to address the IDC interference in Rel-18 followed by the details of the TDM solution enhancements for these scenarios respectively.

2. Discussion
In our companion paper [4], the scenarios for IDC issue are described. When considering TDM solution, we think all of those scenarios needs to be considered.
Proposal 1: The following scenarios are considered for TDM solutions
· Scenario 1: Adjacent channel interference between NR and non-3GPP that includes the following sub scenarios
· Scenario 1-1: Adjacent channel interference between NR Stand Alone (SA) or MN of NR-DC and non-3GPP
· Scenario 1-2: Adjacent channel interference between SN (NR) of MR-DC and non-3GPP
· Scenario 2: Intermodulation Distortion (IMD) interference from simultaneous Tx in MR-DC to non-3GPP that includes the following sub scenarios
0. Scenario 2-1: IMD interference from simultaneous Tx in EN-DC to non-3GPP 
0. Scenario 2-2: IMD interference from simultaneous Tx in NR-DC to non-3GPP
In the following sections we discuss the how we could utilize TDM solution needed for each of these scenarios
2.2 TDM Solution for Scenario 1-1 
TDM solution can be a complementary solution to the FDM solution to address the IDC issue in case where  there is only one carrier frequency available for use by the network. For the TDM solution, the UE can signal a suggested TDM pattern to the gNB. Based on this information, the final TDM patterns (i.e., scheduling and unscheduled periods) are configured by the gNB.
In the WID, there is a Note saying that LTE IDC solution should be considered as the baseline for the solutions developed in this WI. In LTE, two types of TDM solutions were studied and specified, i.e., the DRX based solution and HARQ process reservation based solution [5].
1)  DRX based solution
For the DRX based solution, the UE provides the eNB with a desired TDM pattern information that includes DRX cycle length, DRX active time, DRX offset. It is up to the eNB to decide and signal the final DRX configuration to the UE based on the UE suggested TDM pattern and other possible criteria, e.g. traffic type. 
An example of UE suggested TDM pattern sent through UE Assistance information and an example of DRX configured by gNB to enable TDM based IDC solution is shown in Figure 3. The scheduling period corresponds to the active time of DRX operation defined in MAC specification, while unscheduled period corresponds to the inactive time. The eNB should try to guarantee the unscheduled period by existing mechanisms, e.g. appropriate UL/DL scheduling, SRS transmission configuration, DRX Command MAC control element usage, and etc.
The DRX bases solution can be directly reused in the NR, and we don’t see any motivation to develop other new TDM solution
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Figure 3 An example of UE suggested TDM pattern sent through UE Assistance information and an example of DRX configured by gNB
2) HARQ process reservation based solution
For the HARQ pattern, if the UE can identify the HARQ process(es) that if the eNB cannot use for UL scheduling, the Tx gaps created by this can be used by the UE to solve IDC issues. This is helpful in LTE TDD NWs where the UL HARQ process is configured as to be synchronous. 
For the HARQ pattern to work, the UE needs to know the UL scheduling pattern of the NW for the HARQ process. In NR this is upto the gNB scheduler implementation. So for NR IDC, the HARQ process reservation based solution is not applicable.
Based on the above discussion, we have the following proposal:



Proposal 2-1: To reuse the DRX based solution in LTE IDC as the TDM solution for NR, i.e. in the UAI for IDC, the UE provides the suggested DRX cycle length, DRX offset and DRX active time. This information will be taken into consideration by the gNB to configure appropriate DRX pattern for the UE to avoid scheduling the NR and non-3GPP traffic at the same time

Additionally, the network should be able to configure whether UE suggested TDM pattern information is allowed to be sent by the UE or not. This will prevent the UE from sending the UE suggested TDM pattern information unnecessarily if the network does not want to use it for resolving the IDC issues.

Proposal 2-2: The network should be able to configure whether UE suggested TDM pattern information is allowed to be sent by the UE or not.

2.3 TDM solution for Scenario 1-2
In case the NR node is operating as a SN within the MR-DC configuration and in case only SN frequency is affected by IDC problem, similar enhancements for the Scenario 1-1 described above for NR Stand Alone (SA) mode can be used for the SN. 
There are two possible to support TDM solution of scenario 1-1 in in scenario 1-2 depending upon whether SRB3 is configured or not as shown in Figure 4
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Figure 4 - Enhanced IDC configuration from SN and UE reporting to SN 
Case 1 - SRB3 is not configured: SN configures the reporting of the UE suggested TDM pattern via SRB1 by using the RRCReconfiguration container to the UE and UE reports the UE suggested TDM pattern via SRB1, i.e. by reporting UAI in the ULInformationTransferMRDC message which is then transferred to SN using RRCTransfer message
Case 2 - SRB3 is configured: SN configures the UE suggested TDM pattern to the UE via SRB3 and UE reports the UE suggested TDM pattern directly via SRB3
By using these signaling procedures, we can avoid further specification impact on top of the TDM solution for scenario 1-1, especially avoid impact to 36.331 in case of EN-DC.

Proposal 3: To support the TDM solution as in Proposal 2-1 and 2-2 for scenario 1-2, 
· If SRB3 is not configured: SN configures the reporting of the UE suggested TDM pattern information as given in proposal 2-2 via SRB1 by using the RRCReconfiguration container to the UE, and UE reports the IDC assistance information with UE suggested TDM pattern information as given in proposal 2-1 to SN via SRB1 by reporting UAI in the ULInformationTransferMRDC message
· if SRB3 is configured: SN configures the reporting of the UE suggested TDM pattern information as given in proposal 2-2 to the UE via SRB3, and UE reports the IDC assistance information with UE suggested TDM pattern information as given in proposal 2-1 to SN via SRB3

2.4 TDM Solution for Scenario 2-1/2-2
In this scenario IDC interference will be caused due to inter modulation distortion interference caused by simultaneous transmission (Tx) in the uplink during the MR-DC operation (including NR-DC and EN-DC case) to non-3GPP due to the combination of the operational bands used during MR-DC operation and the UE will report the Affected Carrier Frequency Combination List (assuming it will be extended to support NR-DC case as described in [4]) to the MN.
Since the IDC interference in this scenario is caused by the simultaneous uplink transmission in the MCG and SCG, we think the most straightforward way to avoid such interference is to apply the TDM transmission between the MCG and SCG just like the single UL discussed in Rel.15. If the affected frequency list reported by the UE in the UAI includes both serving frequency of MN and SN, then MN can negotiate a UL TDM pattern with the SN using the existing MR-DC Resource Coordination Information IE or MeNB Resource Coordination Information IE over Xn or X2 interface procedures respectively as shown in Figure 5. After the negotiation, the MN and SN can apply the TDM pattern when scheduling the UE’s UL data and configure the UL resource for UL signal transmission. By this way, it can avoid the simultaneous UL transmission in MCG and SCG and thus address the IDC issue in this scenario. 

[image: ]

Figure 5 - MN and SN negotiation of UL TDM pattern using Xn or X2 procedures 

Hence for this scenario, we propose the following
Proposal 4 – MN and SN apply TDM mechanism between MCG Tx and SCG Tx to address the IDC problem, i.e. after receiving IDC assistance information for MR-DC, MN negotiates a UL TDM pattern with the SN using the existing MR-DC Resource Coordination Information or MeNB Resource Coordination Information IEs over the Xn orX2 interface.

2.5 gNB actions on receiving enhanced TDM assistance information
On receiving the IDC assistance information with UE suggested TDM pattern the gNB can reconfigure the DRX pattern to avoid scheduling the NR and non-3GPP traffic at the same time and to resolve the IDC issue.

Proposal 5: On receiving the enhanced UE suggested TDM pattern, the gNB can reconfigure the DRX pattern to avoid scheduling the NR and non-3GPP traffic at the same time and to resolve the IDC issue  
3. Conclusions
In this paper we discuss various scenarios that needs to be addressed for IDC interference in Rel-18 followed by the introduction of the IDC TDM solutions and how it could be used to address these scenarios.

Scenarios for IDC interference in Rel.18

Proposal 1: The following scenarios are considered for TDM solutions
· Scenario 1: Adjacent channel interference between NR and non-3GPP that includes the following sub scenarios
· Scenario 1-1: Adjacent channel interference between NR Stand Alone (SA) or MN of NR-DC and non-3GPP
· Scenario 1-2: Adjacent channel interference between SN (NR) of MR-DC and non-3GPP
· Scenario 2: Intermodulation Distortion (IMD) interference from simultaneous Tx in MR-DC to non-3GPP that includes the following sub scenarios
0. Scenario 2-1: IMD interference from simultaneous Tx in EN-DC to non-3GPP 
0. Scenario 2-2: IMD interference from simultaneous Tx in NR-DC to non-3GPP

TDM Solution for Scenario 1-1

Proposal 2-1: To reuse the DRX based solution in LTE IDC as the TDM solution for NR, i.e. in the UAI for IDC, the UE provides the suggested DRX cycle length, DRX offset and DRX active time. This information will be taken into consideration by the gNB to configure appropriate DRX pattern for the UE to avoid scheduling the NR and non-3GPP traffic at the same time

Proposal 2-2: The network should be able to configure whether UE suggested TDM pattern information is allowed to be sent by the UE or not.

TDM Solution for Scenario 1-2

Proposal 3: To support the TDM solution as in Proposal 2-1 and 2-2 for scenario 1-2, 
· If SRB3 is not configured: SN configures the reporting of the UE suggested TDM pattern information as given in proposal 2-2 via SRB1 by using the RRCReconfiguration container to the UE, and UE reports the IDC assistance information with UE suggested TDM pattern information as given in proposal 2-1 to SN via SRB1 by reporting UAI in the ULInformationTransferMRDC message
· if SRB3 is configured: SN configures the reporting of the UE suggested TDM pattern information as given in proposal 2-2 to the UE via SRB3, and UE reports the IDC assistance information with UE suggested TDM pattern information as given in proposal 2-1 to SN via SRB3

TDM Solution for Scenario 2-1/2-2

Proposal 4 – MN and SN apply TDM mechanism between MCG Tx and SCG Tx to address the IDC problem, i.e. after receiving IDC assistance information for MR-DC, MN negotiates a UL TDM pattern with the SN using the existing MR-DC Resource Coordination Information or MeNB Resource Coordination Information IEs over the Xn orX2 interface.




gNB actions on receiving enhanced TDM assistance information

Proposal 5: On receiving the enhanced UE suggested TDM pattern, the gNB can reconfigure the DRX pattern to avoid scheduling the NR and non-3GPP traffic at the same time and to resolve the IDC issue  
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