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Introduction
Rel-18 NR IDC enhancement WID RP-221281 [1] has the following RAN2-related objectives:
	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.
Note: LTE IDC solution should be considered as the baseline for the solutions developed in this WI.



In this contribution, we discuss TDM solution for IDC.
[bookmark: _Hlk61435005]Recap on LTE TDM solution
Since LTE IDC solution should be considered as the baseline for NR IDC, it is helpful to review TDM solutions specified in LTE.
There are mainly two aspects in LTE IDC TDM: UE assistance information and network configuration. 
1) UE assistance information: The UE provides the eNB with desired DRX related parameters (in TDM-AssistanceInfo-r11) or subframe patterns to support TDM with other radios. Detailed ASN.1 is as below:

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,
												 sf100, spare2, spare1}
	},
	idc-SubframePatternList-r11			IDC-SubframePatternList-r11,
	...
}

IDC-SubframePatternList-r11 ::=	SEQUENCE (SIZE (1..maxSubframePatternIDC-r11)) OF IDC-SubframePattern-r11

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))
	},
	...
}

There are two kinds of TDM assistance information depending on IDC scenario:
a) Desired DRX related parameters: For coexistence with WiFi and Bluetooth Data (ACL, Asynchronous Connection-oriented Link), DRX assistance information (DRX cycle length, DRX starting offset, and DRX active time) is provided. In this scenario, TDM pattern length ranges from 40 ms to 256 ms.


Figure 5.2.1.2.1-1 of TR 36.816: Example of UE suggested TDM pattern
b) HARQ subframe pattern: For coexistence with Bluetooth Voice (eSCO, extended Synchronous Connection Orientated), HARQ subframe pattern is provided to take into account of UL synchronous HARQ. Note that LTE IDC was specified in Rel-11 and asynchronous HARQ was introduced in LTE Rel-13. The HARQ subframe pattern depends on duplex mode and TDD configuration.
[image: ]
[bookmark: Fig_TDM]Figure 5.2.1.2.2-1 of TR 36.816: Example of HARQ process reservation solution

2) Solution configured by eNB to resolve IDC problem: 
a) Legacy DRX based solution is used as the TDM solution. It should be used in a predictable way, i.e. the eNB should ensure a predictable pattern of unscheduled periods by means of DRX mechanism.  eNB decides and signals the final DRX configuration to the UE (in RRCConnectionReconfiguration).
b) Autonomous denial: The network may also configure autonomous denial to the UE, allow the UE to skip the scheduling in cellular part in order to protect important event in WiFi and Bluetooth.  
Discussion for NR IDC
DRX solution
As discussed in previous section, in LTE, DRX configuration is used as TDM solution, and it is done in a best effort manner to have predictable on-off pattern (noting that DRX behavior is rather dynamic). The open question for NR IDC is that whether to use DRX or other solutions (e.g. gap based solution) to solve IDC problem. A criterion for IDC TDM solution is that the ratio between the duration where NR cannot be used and the periodicity should be in a reasonable range e.g. between 20~80% to allow flexible resource distribution between NR and other RATs. DRX allows such flexible ratio while the existing NR gap solutions does not provide flexible gap ratios. 
· Measurement gap (including pre-configured measurement gap for positioning): maximum gap length is 20 ms, as in Table 9.1.2-1 of TS 38.133. Maximum 3 concurrent measurement gaps can be configured according to Table 9.1.8-1 of TS 38.133.
· Network controlled small gap (NCSG, as in clause 9.1.9 of TS 38.133): the gaps (VIL1 and/or VIL2) are very small: 1 ms or 0.75 ms.
· MUSIM gap: the maximum value of musim-GapLength-r17 is 20 ms, and maximum 3 gaps can be configured.
Even if the flexibility is not an issue, using existing NR gap solutions for IDC purpose might not be desirable as these gaps are configured for different purposes e.g. measurement, positioning, MUSIM, and are associated with different UE assistance information. From gNB implementation’s perspective, gNB can choose suitable solution to solve IDC problem based on UE assistance information. There is no need to have further standardization efforts (e.g. additional gap lengths / periodicities for IDC purposes) for gap solutions.
[bookmark: Proposal_DRX]Proposal 1: There is no need to have further standardization efforts for gap solutions to solve IDC problems. Existing NR DRX configuration is the baseline as NR IDC TDM solution.
For TDM solution, it is preferred to have predictable on-off pattern although DRX behavior is rather dynamic. The reason is that both NR and other RATs are coordinated in time domain and NR can only transmit when the other RAT is not receiving, and vice versa. In NR DRX, reception of DRX Command MAC CE and/or Long DRX Command MAC CE can only stop drx-onDurationTimer, drx-InactivityTimer, and drx-ShortCycleTimer, but not drx-HARQ-RTT-TimerDL, drx-HARQ-RTT-TimerUL, drx-RetransmissionTimerDL, or drx-RetransmissionTimerUL. Therefore UE still needs to receive PDCCH for HARQ retransmissions. To provide predictable on-off pattern gNB needs to terminate DL/UL transmissions earlier within the intended Active time, which might not result in efficient usage of radio resource.
One potential enhancement to DRX for NR IDC is that RRC signalling can configure whether timers drx-HARQ-RTT-TimerDL, drx-HARQ-RTT-TimerUL, drx-RetransmissionTimerDL, and drx-RetransmissionTimerUL are stopped when receiving DRX Command MAC CE and/or Long DRX Command MAC CE. When those timers are stopped, there are no NR transmission/reception, and other RAT can be utilized.
[bookmark: Proposal_DRX_Timer]Proposal 2: RAN2 to discuss potential enhancement to DRX for NR IDC, e.g. whether it is configurable that timers drx-HARQ-RTT-TimerDL, drx-HARQ-RTT-TimerUL, drx-RetransmissionTimerDL, and drx-RetransmissionTimerUL are stopped when receiving DRX Command MAC CE and/or Long DRX Command MAC CE.
Assistance information
As discussed in section 2, in LTE, TDM assistance information can be either DRX pattern or subframe pattern, depending on coexistence use case. DRX pattern is mainly used for coexistence with WiFi and Bluetooth Data. The reported assistance information is mainly related to the traffic characteristics of the coexistence use case, and is mostly RAT-independent. Therefore DRX assistance information based on LTE can be largely reused for NR.
[bookmark: Proposal_DRX_Assist]Proposal 3: DRX assistance information defined in LTE (drx-AssistanceInfo-r11 in TS 36.331) is the baseline for NR IDC TDM assistance information.
Subframe pattern in LTE might not be directly applicable in NR since it is based on synchronous HARQ, while NR HARQ is asynchronous. Since subframe pattern is related to the coexistence use case with Bluetooth voice, the question is whether to support that use case. In general, coexistence with Bluetooth voice is more complicated than coexistence with WiFi and Bluetooth data since tight collaboration between NR and Bluetooth is needed due to frequent TDM switching between the two RATs.
[bookmark: Proposal_BT_Voice]Proposal 4: RAN2 to discuss whether to support coexistence use case with Bluetooth voice.
If it is necessary to support coexistence use case with Bluetooth voice, a simple TDM pattern with fine granularity (compared with DRX assistance information) can be considered since there is no synchronous HARQ constraint in NR. LTE IDC subframe pattern is based on UL synchronous HARQ, and subframe pattern length is related to FDD/TDD and TDD UL-DL configuration. For example, although the periodicity of TDD UL-DL configuration is 10 ms, the subframe pattern length is 70 ms due to UL synchronous HARQ. In NR, HARQ is asynchronous. Therefore there is no need to report TDM pattern based on synchronous HARQ operation. In NR TDD, the pattern periodicity for IDC can be related to the TDD UL-DL transmission periodicity (dl-UL-TransmissionPeriodicity). The ASN.1 of the TDD UL-DL configuration is as follows as from TS 38.331:  

TDD-UL-DL-ConfigCommon ::=          SEQUENCE {
    referenceSubcarrierSpacing          SubcarrierSpacing,
    pattern1                            TDD-UL-DL-Pattern,
    pattern2                            TDD-UL-DL-Pattern                                                       OPTIONAL, -- Need R
    ...
}

TDD-UL-DL-Pattern ::=               SEQUENCE {
    dl-UL-TransmissionPeriodicity       ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10},
    nrofDownlinkSlots                   INTEGER (0..maxNrofSlots),
    nrofDownlinkSymbols                 INTEGER (0..maxNrofSymbols-1),
    nrofUplinkSlots                     INTEGER (0..maxNrofSlots),
    nrofUplinkSymbols                   INTEGER (0..maxNrofSymbols-1),
    ...,
    [[
    dl-UL-TransmissionPeriodicity-v1530     ENUMERATED {ms3, ms4}                                               OPTIONAL -- Need R
    ]]
}

For example, the pattern periodicity for NR IDC TDM pattern can be the same as dl-UL-TransmissionPeriodicity of pattern1 if pattern2 is not signalled, or the sum of dl-UL-TransmissionPeriodicity in pattern1 and pattern2 if pattern2 is signalled. Alternatively, the pattern periodicity for IDC can be a single value (e.g. 20 ms) irrespective of the actual TDD UL-DL configuration since TDD transmission periodicity is a divisor of 20 ms (at least when pattern2 is configured since TS 38.213 clause 11.1 specifies “A UE expects that [image: ] divides 20 msec.” ). The pattern periodicity for FDD can the same as that of TDD, e.g. 20 ms. Note that although 3 ms is a possible value for transmission periodicity, it is introduced for coexistence with LTE (as in CR R2-1813303). Therefore 3 ms periodicity is not considered since it would be complicated to support TDM solution in case of coexistence between NR and LTE. 
Regarding pattern unit / granularity, for each bit indicated in the pattern, if the pattern periodicity is the same as TDD DL-UL transmission periodicity, the pattern unit can be slot and each bit in the pattern indicates whether NG-RAN is requested to abstain from using the slot. If fixed periodicity (e.g. 20 ms) is used, the pattern unit can be subframe (ms), i.e. each bit in the pattern indicates whether NG-RAN is requested to abstain from using the subframe (ms).
As to downlink symbols (nrofDownlinkSymbols) and uplinks symbols (nrofUplinkSymbols) in TDD UL-DL pattern, whether NG-RAN is requested to abstain from using those symbols can be either explicitly indicated, or implicitly indicated based on adjacent downlink or uplink slots. 
[bookmark: Proposal_Pattern]Proposal 5: If RAN2 decides to support coexistence use case with Bluetooth voice, a simple TDM pattern with fine granularity is used. FFS on the periodicity of the TDM pattern.
Autonomous denial
In LTE, the UE can autonomously deny LTE transmission to protect ISM in rare cases if other solutions cannot be used. Conversely, it is assumed that the UE also autonomously denies ISM transmission in order to ensure connectivity with the eNB to perform necessary procedures to resolve IDC problems. To minimize the impact on LTE side (e.g. link adaptation), the network may configure a long-term denial rate in OtherConfig to limit the amount of LTE autonomous denials. Otherwise, the UE shall not perform any autonomous denials. Related ASN.1 signalling from TS 36.331 is as follows.
IDC-Config-r11 ::=				SEQUENCE {
		idc-Indication-r11					ENUMERATED {setup}				OPTIONAL,	-- Need OR
		autonomousDenialParameters-r11		SEQUENCE {
			autonomousDenialSubframes-r11			ENUMERATED {n2, n5, n10, n15,
														n20, n30, spare2, spare1},
			autonomousDenialValidity-r11			ENUMERATED {
														sf200, sf500, sf1000, sf2000,
														spare4, spare3, spare2, spare1}
		}		OPTIONAL,		-- Need OR
		...,
}

Similar to DRX assistance information, the configuration for autonomous denial is mostly RAT independent. If autonomous denial is supported, the specification impact can be similar to LTE: RAN2 signaling and RAN4 performance requirements.
[bookmark: Proposal_AutoDenial]Proposal 6: RAN2 to discuss whether to support autonomous denial. If RAN2 decides to support autonomous denial, LTE solution can be reused.
Conclusion
In this contribution, we discuss TDM solution for IDC, and propose the following:
Proposal 1: There is no need to have further standardization efforts for gap solutions to solve IDC problems. Existing NR DRX configuration is the baseline as NR IDC TDM solution.
Proposal 2: RAN2 to discuss potential enhancement to DRX for NR IDC, e.g. whether it is configurable that timers drx-HARQ-RTT-TimerDL, drx-HARQ-RTT-TimerUL, drx-RetransmissionTimerDL, and drx-RetransmissionTimerUL are stopped when receiving DRX Command MAC CE and/or Long DRX Command MAC CE.
Proposal 3: DRX assistance information defined in LTE (drx-AssistanceInfo-r11 in TS 36.331) is the baseline for NR IDC TDM assistance information.
Proposal 4: RAN2 to discuss whether to support coexistence use case with Bluetooth voice.
Proposal 5: If RAN2 decides to support coexistence use case with Bluetooth voice, a simple TDM pattern with fine granularity is used. FFS on the periodicity of the TDM pattern.
Proposal 6: RAN2 to discuss whether to support autonomous denial. If RAN2 decides to support autonomous denial, LTE solution can be reused.
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