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1 Introduction 
In this contribution, we discuss FDM solutions that can be used to enhance the existing IDC solutions in Rel-18 .
In Rel-18, it was agreed to introduce IDC enhancements in WID [1]:

In RAN2 120 and RAN119e, the following agreements were reached [2][3]:
	RAN2#119 meeting agreements:
· The use cases (e.g. BT voice, BT eSCO and WLAN beacon) as described in 3GPP TR 36.816 for LTE TDM solutions are considered for developing the Rel-18 IDC TDM solution in RAN2.

· Rel-18 IDC TDM solution(s) targets at resolving the adjacent channel interference issue and the intermodulation distortion interference issue, as LTE.

· As the baseline, the UE reports the TDM assistance information for IDC affected frequency list , as LTE. 

· Note, this does not exclude MUSIM gap like solution.

	RAN2#120 meeting agreements:

· Periodic pattern is supported; FFS on the values;

· Option 3 (i.e. UL and/or DL transmission occasion(s) solution) is not supported in Rel-18.

· The periodic pattern reported by the UE includes cycle, start offset and active duration. FFS, whether multiple patterns are supported. FFS on per CG pattern.

· RAN2 confirms the understanding that in Rel-17 NR RRC, the values from periodic pattern in MUSIM-gap is a subset of the DRX parameters.

· NR DRX values can be treated as a starting point for assistance information reported by UE. FFS, on exact values.

· RAN2 reconfirms the previous RAN2 agreement that the aperiodic traffics as described in 3GPP TR 36.816 are considered for developing the Rel-18 IDC TDM solution in RAN2.

· Autonomous denial solution is supported in Rel-18 IDC, RAN2 will not introduce other solution on aperiodic use case (i.e. no report from UE on this aperiodic issue).

· Not agreed: the aperiodic gap in the MUSIM-gap solution is supported in Rel-18 IDC.




An offline email discussion took place [4] with the following proposals:
	Proposal 1: With changing version to “UEAssistanceInformation-v18xy-IEs” ,TDM-AssistanceInfo-r18 to “SEQUENCE” and removing “periodicPatternInfo-r11”, UEAssistanceInformation of the ASN.1 framework and field description in section 4 for the periodic pattern is taken as starting point. 
Proposal 2: The NR values of long DRX cycle and start offset are used for periodic pattern. FFS short DRX cycle and 3.75ms cycle length
Proposal 3: The slot offset with 1/32ms granularity is included in UEAssistanceInformation-v18xy-IEs for start offset. 
Proposal 4: Multiple periodic patterns for IDC are not supported in R18.
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.
Proposal 6: Postpone the text proposal of TDM assistance information signalling procedure, and discuss whether idc-AssistanceConfig-r18 for TDM assistant information allowing shall be added.
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.
Proposal 8: Take the text proposal in section 4 of autonomous denial as the baseline. 
Proposal 9: Send an LS to RAN4 including the agreements of TDM solution after online discussion.


2 TDM Solutions options
Based on agreements from last meeting, RAN2 have decided to focus on two main solutions to further develop and standardize: 
· Periodic reporting: DRX Solution
· Aperiodic reporting: Autonomous Denials solutions 

3 DRX Solution
3.1 Baseline

DRX can be used to create periodic gaps to allow coexistence between NR and some non-3GPP patterns. The LTE solution [5] already allows the UE to recommend some DRX parameters via the drx-AssistanceInfo-r11 that can include recommended cycle length, offset and active time. The ASN.1 framework below can be used as baseline for a DRX request by the UE in UAI: 
TDM-AssistanceInfo-r11 ::=
CHOICE {


drx-AssistanceInfo-r11



SEQUENCE {



drx-CycleLength-r11




ENUMERATED {sf40, sf64, sf80, sf128, sf160,













sf256, spare2, spare1},



drx-Offset-r11





INTEGER (0..255)
OPTIONAL,



drx-ActiveTime-r11




ENUMERATED {sf20, sf30, sf40, sf60, sf80,

Observation 1: The DRX IDC indication baseline in LTE indicates a cycle length, an offset, and active time requested by the UE.

There are some issues with the IDC baseline that may cause a lot of inefficiency and difficulty in adoption. 

1. For some IDC scenarios, e.g., BT eSCO, the BT BW is 1MHz, thus the bandwidth affected in N40/N41 band would be on the order of a few hundred KHz. It would be very inefficient to configure a TDM DRX pattern for the whole band (BW 100 Mhz) to alleviate the problem that happens for possibly less than 1% of the BW. Alternatively, the gNB can just avoid scheduling UL/DL on problematic PRBs. 

2. UE already reports some recommended DRX patterns via  preferredDRX-InactivityTimer and preferredDRX-LongCycle as part of Rl-16 power savings. It may be hard for gNB to balance UE power preferences and IDC issues in a single DRX configuration. 
Obsrvation 2: DRX solutions can be very inefficient when IDC is caused by a small BW non-3GPP system, e.g., Bluetooth and can be hard to implement when the requested IDC pattern is misaligned with requested patterns for power savings. 
3.2 Reporting Frequency Information with DRX cycles
As mentioned in the previous section, when the IDC affects a small portion of the BW, periodically in time, the NW can just use a report by the UE indicating a requested DRX pattern with frequency information to avoid scheduling in the IDC affected PRBs instead.

Observation 3: If Requested DRX reports contain some frequency information, the gNB would have the information to avoid scheduling some problematic PRBs periodically, as opposed to configuring a DRX pattern for the UE to avoid interference happening in a small portion of the BWP, e.g., in case of BT. 
Proposal 1: DRX reports by UE can optionally include frequency information on the frequencies affected by the IDC issue. 
Proposal 2: Whether the frequency information is reported by the UE is configured by the RRC as part of IDC reporting configuration. 
Proposal 3: The UE can report the range of PRBs experiencing an IDC issue along with the requested DRX pattern for IDC, when configured by gNB to do so. 

3.3 Multiple Periodic and Aperiodic Patterns
In the email discussion [3] there were two questions on multiple periodic and aperiodic patterns, i.e., how many reports can the UE send and whether an aperiodic pattern is supported. 

Since the most problematic bands (N40/N41) are the ones that see most interference from WiFi different channels (possibly with different configurations) and/or Bluetooth, it is very possible that a single UE can see multiple IDC patterns. In this case it is beneficial to the UE to report multiple DRX patterns. It is important to note UE reporting an issue via requested “DRX” cycle does not mean the gNB has to solve the problem via DRX configuration only as this is not always possible since the UE supports a single DRX configuration per-cell group. On the contrary, the gNB can use these reports for information and utilize any implementation tool at its disposal to solve the problem, e.g., avoid scheduling the UE at the problematic slots, balance several IDC issues in one DRX configuration, choose to ignore some IDC issues while solving the most severe ones, or enabling autonomous denials; Thus, we think there is no extra standard work required beyond UAI signalling details and no modifications in DRX operations are needed. 
Observation 3: In some cases, the UE may be suffering from multiple IDC issues on the same band that needs reporting.
Proposal 4: UE is allowed to report multiple IDC DRX patterns to gNB. FFS on how many can be configured. 

Due to the lack of coordination between 3GPP and non-3GPP systems in the following way:

1. BT eSCO6 slot 625 us in a 3.75 ms period does not map into a slot value in NR, it is not possible to cleanly align an eSCO cycle with a DRX pattern.
2. The UE may be the eSCO slave in a master-salve configuration, in which, the UE does not control a periodic BT configuration.  
In this case the UE may be aware of a single IDC event that it needs a gap for, but the system causing the IDC issue cannot be fit in a clean TDM periodic pattern. 

Observation 4: There is a need for a UE to request an aperiodic IDC gap when it’s hard to fit the IDC non-3GPP system into a periodic pattern due to lack of time coordination. 

This can be very easily implemented by the DRX framework to be standardized, by allowing the UE to indicate an “infinity” periodicity value in the IDC report, e.g., drx-CycleLength field. 

Proposal 5: UE can request an aperiodic pattern by allowing the requested DRX periodicity to be equal to “infinity” Value, e.g., in the proposed drx-CycleLength field values. 

4 Autonomous Denials

Autonomous denials solution [5][6] was supported in LTE, to allow the UE to refrain from UL transmissions coinciding with important non-3GPP events, if the following conditions are true:

· The time is within an autonomous denial validity period.

· The number of denied subframes does not exceed a pre-configured maximum value. 

Autonomous denial is a useful solution since it is the only solution that can provide uplink restrictions, as opposed to DRX solution which is focused on the UE not decoding PDCCH. 
Observation 4: Autonomous denial solution is useful to avoid UL interference with high importance non-3GPP transmissions/receptions. 

At RAN2, autonomous denial is a fairly straightforward solution. However, RAN4 need to inspect the proposed solution since it affects link adaptation. 
Proposal 6: RAN2 to send RAN4 an LS informing them of the agreements related to autonomous denials. 

It is also important to specify that slot as time unit  for autonomous denials would be simpler with the NW and UE can count any subslot dropping as a slot. LTE used subframe as a time unit which would be more complicated since NR does not utilize the subframe concept as much as LTE. 

More importantly, due to the flexible numerology of NR, it would be clearer to operate with slot time units since a dropped subframe can involve a different number of slots depending on numerology. 
Proposal 7: Autonomous denial configuration and operation use slot as a time unit.

5 IDC Issue in NTN band
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NTN UE needs to read GNSS periodically to maintain UL synchronization. Since NTN has only two bands (N255 and N256), FDM solutions are not guaranteed to solve the GNSS IDC issues specific to NTN. 

Observation 5: For NTN UEs that need to periodically read GNSS, FDM solutions cannot sufficiently handle IDC issues since HO out of band n255 is not always available.   

Furthermore, in TDM solutions, an appropriate DRX configuration only guarantees the UE does not attempt decoding PDCCH during inactive time, however, since NTN IDC issues come from UL, TDM DRX solutions being discussed cannot solve NTN UE problems, in fact, UE cannot currently report the presence of this problem to gNB. 

Observation 6: DRX solutions do not solve IDC issues in NTN, furthermore, UE cannot currently report an UL IDC issue caused by GNSS synchronization.  
Note that this problem was looked at during LTE as well, however, the IDC issue created by NTN transmission from band n255 is more severe than LTE UL because band n255 is only ~20MHz from GNSS L1 band.
Proposal 8: RAN2 to discuss how UL IDC issues in NTN caused by GNSS synchronization can be handled by TDM.

5.1 Option 1: UL Restrictions

GNSS IDC issues was looked at in more depth in LTE in TR 36.816 [6] with the following excerpt:

	5.2.1.2.3 Uplink scheduling restriction based solution
LTE uplink transmission causes interference to GNSS reception. In certain coexistence scenarios it would be helpful if the eNB scheduler restricts uplink scheduling for the UE to certain threshold. This solution is suitable for solving coexistence issue for those scenarios which needs LTE uplink transmission randomly distributed but restricted to certain threshold. The UE inform the interference situation to the eNB along with some assistant data e.g. uplink scheduling restriction threshold. The eNB scheduler tries to restrict uplink scheduling for the UE within the threshold.
For example, in GNSS each bit is DSSS spread over few tens of ms, i.e. 20ms bit period in case of GPS. GNSS requires some amount of interference free time every bit period depending upon GNSS receiver phase (i.e. acquisition, tracking phase). There may be no specific requirement that certain portion of bit period is more critical than other. If GNSS receiver can get sufficient percentage of interference free time out of every bit period then it can possibly recover the signal and solve the in-device co-existence issue.


This method can be followed to some extent with some restrictions by the gNB scheduler for UL transmissions to allow the UE some interference free time to decode GNSS.  Currently, this cannot be even reported to the gNB that the UE needs some interference free period. However, the straightforward way to include this information is augmenting it to the UE DRX requests associated with IDC.
Proposal 9: IDC DRX request by UE to optionally include “Victim system type” and “Interference direction” to indicate UL specific IDC issue like GNSS. 

Proposal 10: Uplink restriction-based solution is adopted by RAN2 to solve UL IDC issues for NTN UEs. 

5.2 Option 2: Autonomous Denials

Since a solution for NTN UE attempting to decode GNSS signal fundamentally relies on the UE refraining from transmitting an UL signal, autonomous denials can be used by the UE to periodically blank UL transmissions to allow the UE to synchronize via GNSS. However, autonomous denials have generally been understood as aperiodic solutions for rare IDC events. To extend this to allow for GNSS coexistence, RAN2 can ensure that autonomous denials operation and configuration can be used to support GNSS operation. 

Observation 7:  Autonomous denials can be reused for NTN UEs to allow interference free time for GNSS reception, e.g., by allowing periodic configurations.
Proposal 11: RAN2 to study how autonomous denials can be extended to allow for GNSS coexistence in NTN UEs. 

6 Conclusions

Observation 1: The DRX IDC indication baseline in LTE indicates a cycle length, an offset, and active time requested by the UE.

Obsrvation 2: DRX solutions can be very inefficient when IDC is caused by a small BW non-3GPP system, e.g., Bluetooth and can be hard to implement when the requested IDC pattern is misaligned with requested patterns for power savings. 
Observation 3: If Requested DRX reports contain some frequency information, the gNB would have the information to avoid scheduling some problematic PRBs periodically, as opposed to configuring a DRX pattern for the UE to avoid interference happening in a small portion of the BWP, e.g., in case of BT. 

Proposal 1: DRX reports by UE can optionally include frequency information on the frequencies affected by the IDC issue. 
Proposal 2: Whether the frequency information is reported by the UE is configured by the RRC as part of IDC reporting configuration. 

Proposal 3: The UE can report the range of PRBs experiencing an IDC issue along with the requested DRX pattern for IDC, when configured by gNB to do so. 

Observation 3: In some cases, the UE may be suffering from multiple IDC issues on the same band that needs reporting.
Proposal 4: UE is allowed to report multiple IDC DRX patterns to gNB. FFS on how many can be configured. 

Observation 4: There is a need for a UE to request an aperiodic IDC gap when it’s hard to fit the IDC non-3GPP system into a periodic pattern due to lack of time coordination. 

Proposal 5: UE can request an aperiodic pattern by allowing the requested DRX periodicity to be equal to “infinity” Value, e.g., in the proposed drx-CycleLength field values. 

Observation 4: Autonomous denial solution is useful to avoid UL interference with high importance non-3GPP transmissions/receptions. 

Proposal 6: RAN2 to send RAN4 an LS informing them of the agreements related to autonomous denials. 

Proposal 7: Autonomous denial configuration and operation use slot as a time unit.

Observation 5: For NTN UEs that need to periodically read GNSS, FDM solutions cannot sufficiently handle IDC issues since HO out of band n255 is not always available.   

Observation 6: DRX solutions do not solve IDC issues in NTN, furthermore, UE cannot currently report an UL IDC issue caused by GNSS synchronization.  
Proposal 8: RAN2 to discuss how UL IDC issues in NTN caused by GNSS synchronization can be handled by TDM.

Proposal 9: IDC DRX request by UE to optionally include “Victim system type” and “Interference direction” to indicate UL specific IDC issue like GNSS. 

Proposal 10: Uplink restriction-based solution is adopted by RAN2 to solve UL IDC issues for NTN UEs. 

Observation 7:  Autonomous denials can be reused for NTN UEs to allow interference free time for GNSS reception e.g., by allowing periodic configurations.
Proposal 11: RAN2 to study how autonomous denials can be extended to allow for GNSS coexistence in NTN UEs. 
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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.









