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1. Introduction
In RAN 2 #119 e meeting we had initial discussions on the IDC topic. During the online discussions we had identified 4 candidate TDM solution to be further discussed in a [Post119-e][651][IDC] email discussion.

In this contribution we first provide our views on how we can use two step approach for selecting a TDM solution in R18 based on the responses for [Post119-e][651][IDC] email discussion, followed by the comparison and analysis for the two general TDM solutions. We then provide the details of how the suggested candidate TDM Solution can be applied for the IDC scenarios agreed to be addressed in R18.  
2. Discussion
During the online discussions, the following four candidate TDM solutions for NR IDC were identified to be considered further
1. DRX solution;
2. MUSIM gap like solution;
3. UL and/or DL transmission occasion(s);
4. Autonomous denial solution;
Following the online discussion, it was decided to have a [Post119-e][651][IDC] email discussion for comparison of these TDM solutions with the aim to do down selection in RAN 2 #120 meeting. 
2.1 Suggested two step approach for TDM solutions down selection 
First of all we understand that UL and/or DL transmission occasion(s)/HARQ process reservation-based solution (Option 3) is not directly applicable to NR as NR has a more flexible TDD pattern and because the NR HARQ is asynchronous. Based on the responses for the email discussion, majority view suggests that in case we select this option, it will require quite high standardization efforts to design an effective solution which will only be applicable for limited scenario. Considering this it may not be worth pursuing this solution for Rel 18. Hence, we would like to propose that Option 3 - UL and/or DL transmission occasion(s) can be straight away down selected in the first step.

Proposal 1 – RAN 2 agrees to down select Option 3 - UL and/or DL transmission occasion(s) based solution in the first step of the down selection process due to the high complexity, high standardization effort and the limited scenarios it can address.

If we agree to proposal 1, it leaves us with options 1,2 and 4 to be considered further in the down selection process. In our view, option 1 - DRX solution and 2 - MUSIM gap like solution are general solutions that addresses all the IDC usage scenario where as option 4 - Autonomous denial solution is needed for rare ISM events such as receiving WiFi beacons and connection setup events. Hence, we would like to suggest that we could consider the Autonomous denial solution as an addon solution after a general TDM solution is finalized.

Proposal 2 – RAN 2 agrees to consider/work on the details of Option 4 - Autonomous denial solution, as an addon solution, after a more generalized TDM solution (DRX based or MUSIM gap like solution) is finalized. 

In order to select one of the generalized TDM solution (DRX solution or MUSIM gap like solution) in the next step of the down selection process, we first provide a more detailed comparison of these two solutions in terms of the benefits, drawbacks and standardization efforts.
 
2.1.1 Comparison of generalized of TDM solutions
In this section we analyze and compare the generalized Option 1 - DRX solution and Option 2 - MUSIM gap like solution to help further with the down selection. 
2.1.1.1 DRX solution
Benefits
1. DRX will mostly be configured by the network for the UEs in RRC_CONNECTED state for reducing the UE power consumption. Hence reusing the DRX framework for resolving IDC is that we essentially get DRX solution almost for free as network just needs to configure / adjust DRX based on TDM assistance information from the UE in UAI. 
2. No additional Timers, other than the one used for legacy DRX mechanism, is needed to be maintained.
3. DRX solution can provide wide range of granularity for different usage scenarios. Additional DRX cycle values can also be added for IDC purpose (if required).
4. DRX-based TDM solution has been used in LTE and we don't see any issue to apply it in NR
Drawbacks
1. None.
Standardization Effort
1. Minimal. 
2. Can be handled within RAN 2 alone without requiring any co-ordination/interaction with RAN 4.
2.1.1.2 MUSIM gap like solution
Benefits
1. Similar to DRX solution, MUSIM gap-like solution is applicable to all IDC usage scenario.
Drawbacks
1. Besides DRX, the UEs need further to support MUSIM gap-like framework as a prerequisite just for addressing IDC issues even though in reality they are not Multi SIM UE, which will unnecessary introduce complexity for UEs.
2. Network will additionally have to support MUSIM gap-like framework just for addressing the IDC issues.
3. The motivation/use case for having the multiple periodic gaps and an associated prohibit timer is unclear and may unnecessary increase the signalling overhead.
4. MUSIM gap-like solution has coarser granularity than DRX solution and additional gap length/cycle values may need to be introduced on top of current MUSIM gap.
Standardization Effort
1. Significant – as the fundamental issues like benefit of the solution, need for the multiple period gaps/ aperiodic gaps needs to be discussed and agreed first.
2. Cannot alone be specified in RAN 2 and would require RAN4 work. 
Based on the above analysis we can draw the following important observations 
Observation 1 – DRX will mostly be configured by the network for the UEs in RRC_CONNECTED state for reducing the UE power consumption. Hence reusing the DRX framework for resolving IDC is that we essentially get DRX solution almost for free as network just needs to configure / adjust DRX based on TDM assistance information from the UE in UAI.

Observation 2 – For adopting MUSIM gap like solution for IDC, all the UEs will have to support MUSIM gap framework as a prerequisite just for addressing IDC issues which will unnecessary introduce complexity for UEs.
Considering the huge benefit that the DRX based solution comes almost for free, as network just needs to configure / adjust DRX based on TDM assistance information, whereas, in contrast, the MUSIM gap like solution will require UE and network to support MUSIM gap framework and more standardization effort, it is recommended that RAN 2 selects DRX solution as the generalized TDM solution for R18.

[bookmark: _Hlk118389967]Proposal 3 – Considering the benefit that the DRX based solution comes almost for free, as network just needs to configure/adjust DRX based on TDM assistance information received in UAI, adopt DRX solution as the generalized TDM solution for R18.  

2.2 Applying DRX based TDM Solution for agreed R18 scenarios  
In RAN 2#119 e meeting following scenarios are agreed to be considered for IDC in R18. 
	Agreements:
Rel-18 IDC TDM solution(s) targets at resolving the adjacent channel interference issue and the intermodulation distortion interference issue, as LTE.


In the following sections we discuss how we could apply DRX based TDM solution for each of the following scenarios. Note the scenarios are numbered below just for easy reference in the subsections.
· 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
2.1.1 DRX based TDM solution for Scenario 1-1 
Stage 3 level signaling and ASN.1 detail for the DRX solution was presented in [Post119-e][651][IDC] email discussion [6]. We believe these signaling details (reproduced below) can be used as the base line for the DRX solution. 
	Procedure:
Step 1: The gNB indicates whether the IDC reporting for TDM assistance information is allowed.
Step 2: When detecting the IDC issue, the UE reports the DRX assistance information for the affected frequencies. 



Based on the above, we have the following proposal:

Proposal 4: 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




2.1.2 DRX based 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 scenario 1-2 depending upon whether SRB3 is configured or not as shown in Figure 1
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Figure 1 - 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 5: To support the TDM solution as in Proposal 4 for scenario 1-2, 
· If SRB3 is not configured: SN configures the reporting of the UE suggested TDM pattern information via SRB1 by using the RRCReconfiguration container to the UE, and UE reports the IDC assistance information with UE suggested TDM pattern information 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 to the UE via SRB3, and UE reports the IDC assistance information with UE suggested TDM pattern information to SN via SRB3
2.1.2 DRX based 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 2. 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. 
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Figure 2 - MN and SN negotiation of UL TDM pattern using Xn or X2 procedures 
Hence for this scenario, we propose the following
Proposal 6 – 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.
2.3 gNB actions on receiving DRX 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 7: 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 to resolve the IDC issue  
3. Conclusions
In this contribution we first provide our views on how we can use two step approach for selecting a TDM solution in R18, followed by the comparison and analysis for the two general TDM solutions and the details of how DRX based TDM solution can be applied for the IDC scenarios agreed to be addressed in R18.

TDM solution down selection

Observation 1 – DRX will mostly be configured by the network for the UEs in RRC_CONNECTED state for reducing the UE power consumption. Hence reusing the DRX framework for resolving IDC is that we essentially get DRX solution almost for free as network just needs to configure / adjust DRX based on TDM assistance information from the UE in UAI.

Observation 2 – For adopting MUSIM gap like solution for IDC, all the UEs will have to support MUSIM gap framework as a prerequisite just for addressing IDC issues which will unnecessary introduce complexity for UEs.

Proposal 1 – RAN 2 agrees to down select Option 3 - UL and/or DL transmission occasion(s) based solution in the first step of the down selection process due to the high complexity, high standardization effort and the limited scenarios it can address.

Proposal 2 – RAN 2 agrees to consider/work on the details of Option 4 - Autonomous denial solution, as an addon solution, after a more generalized TDM solution (DRX based or MUSIM gap like solution) is finalized.


Proposal 3 – Considering the benefit that the DRX based solution comes almost for free, as network just needs to configure/adjust DRX based on TDM assistance information received in UAI, adopt DRX solution as the generalized TDM solution for R18.    

DRX based TDM Solution for Adjacent channel interference between NR Stand Alone (SA) or MN of NR-DC and non-3GPP

Proposal 4: 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

DRX based TDM Solution for Adjacent channel interference between SN (NR) of MR-DC and non-3GPP

Proposal 5: To support the TDM solution as in Proposal 4 for scenario 1-2, 
· If SRB3 is not configured: SN configures the reporting of the UE suggested TDM pattern information via SRB1 by using the RRCReconfiguration container to the UE, and UE reports the IDC assistance information with UE suggested TDM pattern information 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 to the UE via SRB3, and UE reports the IDC assistance information with UE suggested TDM pattern information to SN via SRB3

DRX based TDM Solution for IMD interference from simultaneous Tx in EN-DC/NR-DC to non-3GPP

Proposal 6 – 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 DRX TDM assistance information

Proposal 7: 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 to resolve the IDC issue  
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