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1. Introduction
In RAN 2 #120 meeting we had agreed that Periodic pattern is supported for TDM solution and that the periodic pattern reported by the UE includes cycle, start offset and active duration. We also had an FFS on whether multiple patterns are supported.

In [6], companies were invited to express their views on details of periodic pattern, Signalling details of TDM and Details of autonomous denial.

In this contribution we first provide comparison and analysis for the two general candidate TDM solutions - DRX solution and MUSIM gap like solution. Next, we discuss the details of the configuration to enable the TDM solution from the gNB. Following this we discuss whether SN needs to configure the IDC reporting for TDM solution and whether the MN-SN coordination is needed or beneficial to configure the TDM Solution and to address the IDC issue via TDM solution. Lastly, the remaining issues for autonomous denial is discussed.
2. Discussion
2.1 Comparison of Periodic TDM solutions 
In order to select one of the periodic TDM solution (DRX solution or MUSIM gap like solution) in 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 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.
5. Can support the per-CG TDM pattern without any specification impact.
Drawbacks
1. None.
Standardization Effort
1. Minimal. 
2. Can be handled within RAN 2 alone without requiring any co-ordination/interaction with RAN 4.
2.1.2 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. 
3. To support per-CG TDM pattern, some enhancements are needed on top of the MUSIM gap.
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 1 – 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 IDC.  

2.2 gNB configuration to enable TDM Solution and details of UE reporting for IDC 
2.2.1 gNB configuration for TDM solution 
As discussed in section 2.1 of our companion paper [4] , if the UE needs to report more granular indication of the affected frequencies for FDM, we believe that the gNB should also provide more granular indication of the candidate serving frequencies for which the UE is requested to report the IDC issue for FDM. 
Since TDM solution can be a complementary solution to the FDM solution and can be particularly useful to address the IDC issue in case where there is only one carrier frequency available for use by the network, enabling and disabling of TDM solution should also be controlled by the network.
So, in addition to configuring the candidate serving frequency range list for FDM enhancements, the gNB should also configure if the IDC reporting for TDM assistance information from the UE is allowed or not. 

Proposal 2 – gNB should be able to configure if the IDC reporting for TDM assistance information from the UE is allowed or not for the TDM solution in R18.  

2.2.2 Additional details of IDC UE assistance information reporting
Stage 3 level signaling and ASN.1 detail for the DRX solution was presented in [Post120][651][IDC] - Further details of TDM solution [6]. We believe these signaling details can be used as the base line for developing the DRX solution. Considering this as the way forward we propose the following.

Proposal 3: To reuse the DRX based solution in LTE IDC as the TDM solution for NR, i.e. the UE provides the suggested DRX cycle length, DRX offset and DRX active time in the UAI for IDC. 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

2.3 TDM solution for MR-DC  
In [6], a question that “whether per CG pattern is supported? If yes, whether and what enhancements are needed from UE side and network side?” has been discussed. Based on the companies’ input, the following proposal has been given by the rapporteur.
	Proposal 5: Per CG pattern is supported for EN-DC, FFS NR-DC. SN can configure the UE to report the TDM assistance information directly to SN, either through SRB 1 or SRB 3


In this section, we further discuss the details of the TDM solution for MR-DC.
For the MR-DC scenarios we think that there can be two cases that we should consider for TDM Solution
· Case 1 – Individual candidate frequencies are affected by the IDC issue
· Case 2 – Combination of frequencies are affected by the IDC issue
So we will discuss these two cases respectively.
Case 1: Individual candidate frequencies are affected by the IDC issue
1) Whether per CG pattern is supported?
According to the companies’ views in [6], the majority support to define per CG pattern for EN-DC, and we also support it. For NR-DC, some companies think the per CG pattern is not needed since the UE is not able to know whether a non-serving NR frequency reported in the affected frequency list will be configured for MCG or SCG. However, we have different views on this due to  the following reasons:
· As discussed in the FDM email discussion [7], we think for both EN-DC and NR-DC, the SN can configure the candidate serving frequency to the UE and then the UE can know whether the affected frequency is the frequency that SN is interested in. Then when the UE reports the affected frequency list to the SN, the UE can also provide the TDM assistance information to the SN. 
· For the NR-DC, it is also possible that only the SN’s serving frequency is affected by IDC problem. In this case, the TDM pattern for addressing the IDC issue is only needed by the SN, and use the per-UE TDM pattern will have a negative impact on the MN.
So, we proposed that
Proposal 4: For the case that individual candidate frequencies are affected by the IDC issue, Per-CG TDM pattern is supported for both EN-DC and NR-DC.
2) If per-CG TDM is supported, whether and what enhancements are needed from the UE and the NW side
To support the per-CG TDM pattern, SN should be able to configure the UE to report the IDC TDM assistance information directly to SN, either through SRB 1 or SRB 3, and the UE should be able to report the IDC TDM assistance information to the SN directly also either through SRB1 or SRB3. Then we look at whether the current specification supports these two aspects.
· SN configuration for IDC
The IDC configuration is included in otherConfig. From the details of otherConfig, it can be seen that it does not support the IDC configuration by the SCG currently according to the below description in 38.331:
	otherConfig
Contains configuration related to other configurations. When configured for the SCG, only fields drx-PreferenceConfig, maxBW-PreferenceConfig, maxBW-PreferenceConfigFR2-2, maxCC-PreferenceConfig, maxMIMO-LayerPreferenceConfig, maxMIMO-LayerPreferenceConfigFR2-2, minSchedulingOffsetPreferenceConfig, minSchedulingOffsetPreferenceConfigExt, btNameList, wlanNameList, sensorNameList and obtainCommonLocation can be included.


So to enable the per-CG TDM pattern for IDC, the specification should allow the IDC related configurations to be included in the otherConfig when configured for the SCG. The IDC related configurations include the candidate serving frequency range list for FDM enhancement and one indication for indicating the TDM assistance information is allowed to be reported.
· UE reporting for IDC
For NR, the IDC information are included in the message of UEAssistanceInformation. According to the current specification, there is already a support to transmit the UEAssistanceInformation either via SRB3 or via the SRB1 by using a container to the SN. So no enhancement to the specification is needed for this aspect.
So, based on the above analysis we proposed that
Proposal 5: For the case that individual candidate frequencies are affected by the IDC issue, to enable the per-CG TDM pattern, the specification shall support the IDC related configurations to be included in the otherConfig when configured for the SCG.
· The IDC related configurations include the candidate serving frequency range list for FDM enhancement and one indication for indicating the TDM assistance information is allowed to be reported.
Case 2: Combination of frequencies are affected by the IDC issue
Since the IDC interference in this case 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 1. 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 1 - MN and SN negotiation of UL TDM pattern using Xn or X2 procedures 
Hence for this case, we propose the following:
Proposal 6: For the case that combination of frequencies are affected by the IDC issue MN and SN, apply TDM mechanism between MCG Tx and SCG Tx to address the IDC problem, i.e. after receiving IDC assistance information with affected frequency combination list of MCG and SCG, MN can negotiate 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.
2.4 Autonomous denial

Following proposal is made in [6] for the autonomous denial:

	Proposal 7: RAN2 to confirm which time unit (subframe or slot) is used for autonomous denial. FFS values of Validity period and number of Subframe or slot.



In this section, we discuss two issues for the autonomous denial.

1) Which time unit is used for autonomous denial and the value of validity period and number of time unit
For the two options of time unit, i.e. subframe or slot, we support to use slot as the time unit. In LTE, the scheduling and UL transmission is based on subframe level, so the time unit for autonomous denial was defined as subframe at that time. With the same logic, the timer unit for autonomous denial in NR should also be the same as scheduling and UL transmission, i.e. slot. If subfarme is used as time unit and if the subframe includes more than one slots, the UE has no idea how many slots it can be deny in one subframe. For this reason, the gNB will have  to further configure the slot allowed to be denied in one subframe which is more complex than using the slot as the time unit.

Proposal 7: Slot is used as the time unit for autonomous denial in NR.

As for the value of the validity period and number of slot, although the time unit is different with the LTE, the same values in LTE can be used since the essence of the autonomous denial in LTE and NR should be the same, i.e. to define the maximum number of scheduled UL transmission that that the UE can deny in one period.

Proposal 8: The same values of validity period and number of time unit as in LTE is reused in NR.

2) Autonomous denial for MR-DC.
For MR-DC, the most straightforward way is to allow the MN and SN to configure the autonomous denial for the UE independently and without any coordination . This should be applied to both EN-DC and NR-DC. For EN-DC, there would be no impact on LTE specification for the autonomous denial.

Proposal 9: For both EN-DC and NR-DC, MN and SN configures the autonomous denial for the UE independently and without any coordination .
3. Conclusions
In this contribution we first provide comparison and analysis for the two general candidate TDM solutions - DRX solution and MUSIM gap like solution. Following this we discuss whether SN needs to configure the IDC reporting for TDM solution and whether the MN-SN coordination is needed or beneficial to configure the TDM Solution and to address the IDC issue via TDM solution. Lastly, the remaining issues for autonomous denial is discussed.

Comparison of Periodic TDM solutions
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 – 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 IDC.  

gNB configuration to enable TDM Solution and details of UE reporting

Proposal 2 – gNB should be able to configure if the IDC reporting for TDM assistance information from the UE is allowed or not for the TDM solution in R18.  

Proposal 3: To reuse the DRX based solution in LTE IDC as the TDM solution for NR, i.e. the UE provides the suggested DRX cycle length, DRX offset and DRX active time in the UAI for IDC. 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

TDM solution for MR-DC
Proposal 4: For the case that individual candidate frequencies are affected by the IDC issue, Per-CG TDM pattern is supported for both EN-DC and NR-DC.
Proposal 5: For the case that individual candidate frequencies are affected by the IDC issue, to enable the per-CG TDM pattern, the specification shall support the IDC related configurations to be included in the otherConfig when configured for the SCG.
· The IDC related configurations include the candidate serving frequency range list for FDM enhancement and one indication for indicating the TDM assistance information is allowed to be reported.
· Proposal 6: For the case that combination of frequencies are affected by the IDC issue MN and SN, apply TDM mechanism between MCG Tx and SCG Tx to address the IDC problem, i.e. after receiving IDC assistance information with affected frequency combination list of MCG and SCG, MN can negotiate 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.
Autonomous denial

Proposal 7: Slot is used as the time unit for autonomous denial in NR.

Proposal 8: The same values of validity period and number of time unit as in LTE is reused in NR.

Proposal 9: For both EN-DC and NR-DC, MN and SN configures the autonomous denial for the UE independently and without any coordination.
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