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1 Introduction
In Rel-18, the new WI on “In-device Co-existence (IDC) enhancements for NR and MR-DC” was approved. The main work in RAN2 can be divided into two aspects, i.e., FDM solution and TDM solution. For TDM, the following objectives are given:

	· 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.


 In this contribution, our initial view on TDM solutions will be addressed. 
2 Discussion
In LTE, the following TDM solutions are considered:

· DRX : the UE provides the preferred DRX to the network side 

· Subframe pattern: the UE provides the preferred subframe pattern based on LTE frame structure

· Autonomous denial: the UE can deny the uplink scheduling based on the configuration. 
2.1. DRX related solution 
For NR case, the similar assistant information can be considered as LTE, i.e., the UE provides the preferred DRX configurations to gNB in order to solve IDC problem. It can be noticed that NR already define preferred DRX configuration (DRX-preference) from UE for power saving, which contains the following parameters:

	preferredDRX-InactivityTimer-r16

preferredDRX-LongCycle-r16

preferredDRX-ShortCycle-r16

preferredDRX-ShortCycleTimer-r16


 While in LTE IDC, the DRX parameters related include:
	drx-CycleLength-r11

drx-Offset-r11

drx-ActiveTime-r11


To follow LTE IDC design, we can either enhance the existing DRX-preference IE for IDC, or introduce a new DRX assistant information IE for IDC. To have a clean design for IDC, a new IE would be preferred. 

Proposal 1-1: in NR, a new DRX assistant information can be introduced for IDC. 
Normally, IDC problem only happens on a specific frequency, and the TDM solution is used when the FDM solution cannot work. Thus, a general consideration is TDM solution can be provided per frequency range. As indicated by Rel-18 IDC WID, the study intends to consider some fine granularity for frequency information, which can be 1) frequency carrier, 2) Cell, 3) BWP, 4) PRB range and 5) frequency range. Among them, the first two may be more suitable for DRX configuration since the legacy DRX is not provided for a sub-set of cell bandwidth. According to legacy NR design, the UE can have multiple DRX configurations. Specifically, in standalone case, an UE can have two DRX configurations, each of which is applied for different cells; in DC case, the UE can have two different DRX configurations for MCG and SCG, respectively. Thus, to comply such design, the UE can provide multiple DRX assistant information referring to different cells or cell group. 

Proposal 1-2: multiple DRX assistant information can be provided by the UE, including:

· Two different DRX assistant information within the same cell group

· Different DRX configurations for different cell groups
2.2. time-domain pattern related solution
In LTE, except DRX assistant information, the UE can provide another type of TDM information, i.e., a list of subframe pattern with the following parameters
	IDC-SubframePattern-r11 ::= CHOICE {


subframePatternFDD-r11



BIT STRING (SIZE (4)),


subframePatternTDD-r11



CHOICE {



subframeConfig0-r11




BIT STRING (SIZE (70)),



subframeConfig1-5-r11



BIT STRING (SIZE (10)),



subframeConfig6-r11




BIT STRING (SIZE (60))


},


...

}


It can be observed that such pattern is defined based on LTE frame structure, which is at the granularity of one subframe, i.e., 1ms. However, NR system defines a flexible frame structure, e.g., in a slot, the DL and UL durations can be defined at the symbol-level. In order to provide a TDM pattern to the gNB for IDC assistant information, such pattern should take NR frame structure into account. Specifically, the TDM pattern should indicate the duration by considering the TDD configuration of each slot or symbol. 

Proposal 2-1: the TDD pattern can be provided by considering the NR TDD DL/UL slot configurations, and the duration allowed for data transmission can be given by indicating slot/OFDM symbol. 

In addition, since the TDD configuration is provided under certain subcarrier spacing, the TDD pattern can contain the corresponding subcarrier spacing. 

Proposal 2-2: the TDD pattern should be provided by indicating the corresponding subcarrier spacing.

Similar as DRX assistant information, the TDD pattern can be provided by differentiating frequency ranges, e.g., cell/frequency carrier/cell group. 

Proposal 2-3: the TDD pattern can be provided for different cells/frequency carriers/cell groups.

2.3. time-domain solution for fine granularity of frequency range

One of IDC problem is caused by the combination of frequency ranges, which can be belong to the same cell group or different cell groups. To resolve this IDC problem, the gNB can assign the frequency ranges in the combination to the UE at the different time. If those frequency ranges are in the same cell group, the gNB can well control the resource assignment. However, Rel-18 also looks into MR-DC case, where the frequency ranges belong to different cell groups are controlled by different nodes independently. To avoid the two nodes use the frequency range in the combination at the same time, MN and SN should coordinate with each other. 

Observation: in MR-DC case, the coordination between MN and SN is needed to avoid the IDC problem caused by the combination of frequency ranges belonging to different cell group. 

On the other hand, to avoid unnecessary resource waste when resolving IDC problem, Rel-18 is intended to provide a finer granularity of frequency, e.g., BWP, as assistant information.  Recalling the NR design history, the concept of BWP can improve the system efficiency and scheduling flexibility since BWP can be dynamically switched via DCI. In our opinion, if the UE provides the combination of BWPs as IDC assistant information, the applied IDC avoidance scheme should not break the benefit brought by dynamic BWP switch. Thus, in MR-DC case, the MN and SN can coordinate with each other to ensure the dynamic BWP switch among BWPs, which cause IDC problem in combination. Such coordination can have the following options:
· Opt 1: the UE provides assistant information containing the time-domain pattern for using the BWPs belonging to different cell groups

In this option, the assistant information is provided to the MN, and MN forwards it to the SN. For such time-domain pattern, the UE can indicate the BWP(s) usable in certain time period (e.g., as shown in Fig. 1(a), BWP1&3 in 1st and 3rd period, BWP2&4 in 2nd and 4th period), or indicate the BWP(s) not applicable in certain time period (e.g., as shown in Fig. 1(b), BWP1 is not used in 1st and 3rd period, while BWP3 is not used in 2nd and 4th period).  
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Fig. 1 Time-domain pattern for BWPs from UE
· Opt 2: the MN provides the time-domain pattern for using the BWPs belonging to SN

In this option, the MN can derive the time-domain pattern based on assistant information from UE. Then, it obtains the time-domain pattern of BWPs in SN and forward it to SN. For such time-domain pattern, the MN can indicate the time period applicable for different BWPs of SN.
Proposal 3-1: the TDM pattern of BWP can be considered as the IDC assistant information with the following options:

·  Opt 1: the UE provides assistant information containing the time-domain pattern for using the BWPs belonging to different cell groups

· Opt 2: the MN provides the time-domain pattern for using the BWPs belonging to SN
2.3 Autonomous denial
In LTE, the autonomous denial scheme was introduced to protect some information signaling transmission in other RAT. This scheme can be also applicable for NR case. Since Rel-18 intends to introduce IDC assistant in different granularity of frequency ranges, the autonomous denial configuration can be provided for different frequency range granularities, e.g., cell, frequency carrier, cell group, BWP, PRB range, frequency range. 
Proposal 4-1: the autonomous denial configuration can be provided to the UE by differentiating the frequency granularities, e.g., cell, frequency carrier, cell group, BWP, PRB range, frequency range. 
2.4 IDC problem during SDT session
In the past, the IDC scheme was discussed when the UE is in RRC connected status. The assumption is that the UE will not perform data transmission in RRC Idle/Inactive status. However, in NR, this assumption is broken after introducing small data transmission (SDT) in Rel-17, i.e., the UE can perform data transmission when the UE is in RRC_INACTIVE status. Meanwhile, during RRC_INACTIVE status, the UE can also perform data transmission over other RAT. A typical scenario is that the user is stayed at home, and the data transmission is mainly performed via WIFI, while the 5G network can be used to transmit some important traffic, e.g., URLLC traffic. Thus, IDC issue during SDT session deserved some discussions. Moreover, since the data volume is quite small, and the cell change is not allowed during SDT session, the potential solution can be TDM based solution or BWP switch based on UE’s assistant information.
Proposal 5-1: the autonomous denial configuration can be provided to the UE by differentiating the frequency granularities, e.g., cell, frequency carrier, cell group, BWP, PRB range, frequency range. 
Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposal:
Proposal 1-1: in NR, a new DRX assistant information can be introduced for IDC. 

Proposal 1-2: multiple DRX assistant information can be provided by the UE, including:

· Two different DRX assistant information within the same cell group

· Different DRX configurations for different cell groups

Proposal 2-1: the TDD pattern can be provided by considering the NR TDD DL/UL slot configurations, and the duration allowed for data transmission can be given by indicating slot/OFDM symbol.
Proposal 2-2: the TDD pattern should be provided by indicating the corresponding subcarrier spacing.

Proposal 2-3: the TDD pattern can be provided for different cells/frequency carriers/cell groups.

Proposal 3-1: the TDM pattern of BWP can be considered as the IDC assistant information with the following options:

·  Opt 1: the UE provides assistant information containing the time-domain pattern for using the BWPs belonging to different cell groups

· Opt 2: the MN provides the time-domain pattern for using the BWPs belonging to SN
Proposal 4-1: the autonomous denial configuration can be provided to the UE by differentiating the frequency granularities, e.g., cell, frequency carrier, cell group, BWP, PRB range, frequency range. 
Proposal 5-1: the autonomous denial configuration can be provided to the UE by differentiating the frequency granularities, e.g., cell, frequency carrier, cell group, BWP, PRB range, frequency range. 
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