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1. Introduction
In R2#119e, the below agreements[2] were reached for TDM solution of IDC WI[1]:
	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.
· We will have separate post meeting discussions on candidate solutions (FDM/TDM), and try to do down selection in next meeting. 

· RAN2 consider “hardware sharing indication” is out of scope. Company should bring this to RANP if want to support it. 




Below candidate TDM solutions have been discussed in the Email[4]: 

· DRX solution;

· MUSIM gap like solution;

· UL and/or DL transmission occasion(s);

· Autonomous denial solution;
In this contribution, we will analyse the applicablity of candidate TDM solution, and focus on the details of MUSIM gap like solution.

2. Discussion
1.1. Applicability of MUSIM gap like solution
In Rel-17 MUSIM WI,  MUSIM gap scheduling solution has been introduced. In email [4], the candidate MUSIM gap like solution for NR IDC is as follows:

Option: (By using the Rel-17 MUSIM gap solution as the baseline)

	Procedure:

Step 1: The gNB indicates whether the IDC reporting for gap assistance information is allowed. And a prohibit timer is provided for gap assistance information.

Step 2: When detecting the IDC issue, the UE reports its preferred gap configuration for the affected frequencies when the prohibit timer is not running. The TDM assistance information uses the MCG as timing reference.
If the UE prefers periodic gap, the preferred gap configuration includes idc-GapPreferenceList with an entry for each periodic gap. Each peridodic gap configuration includes idc-GapLength and idc-GapRepetitionAndOffset including the gap repetition period and the gap offset in the granularity of ms.

If the UE prefers aperiodic gap, the preferred gap configuration includes idc-GapPreferenceList with an entry for each aperiodic gap. Each aperidodic gap configuration includes idc-GapLength in the granularity of ms and idc-Starting-SFN-AndSubframe including starting-SFN in the granularity of SFN and startingSubframe in the granularity of subframe.

FFS whether the MUSIM gap configuration (e.g. gap length and periodicity) designed for MUSIM use case can be reused for IDC use case, or whether the values of gap period (repetition) and length need to be aligned with the LTE DRX values as the value range is related to the coexistence scenarios of IDC. This may need RAN4 evaluation on the feasibility of the MUSIM gap configuration for the IDC use case.

FFS whether the prohibit timer is needed.

FFS whether (multiple) aperiodic gap(s) is needed.



	ASN.1 signaling example:

Step 1:

IDC-GapAssistanceConfig-r18 ::= SEQUENCE {

    musim-GapProhibitTimer-r18        ENUMERATED {s0, s0dot1, s0dot2, s0dot3, s0dot4, s0dot5, s1, s2, s3, s4, s5, s6, s7, s8, s9, s10}

}

Step 2: UE reporting signaling

IDC-GapPreferenceList-r18 ::= SEQUENCE (SIZE (1..4)) OF IDC-GapInfo-r18

IDC-GapInfo-r18 ::=               SEQUENCE {

    idc-Starting-SFN-AndSubframe-r18  IDC-Starting-SFN-AndSubframe-r18             OPTIONAL, -- Cond aperiodic

    idc-GapLength-r18                 ENUMERATED {ms3, ms4, ms6, ms10, ms20}         OPTIONAL, -- Need S

    idc-GapRepetitionAndOffset-r18    CHOICE {

        ms20-r18                            INTEGER (0..19),

        ms40-r18                            INTEGER (0..39),

        ms80-r18                            INTEGER (0..79),

        ms160-r18                           INTEGER (0..159),

        ms320-r18                           INTEGER (0..319),

        ms640-r18                           INTEGER (0..639),

        ms1280-r18                          INTEGER (0..1279),

        ms2560-r18                          INTEGER (0..2559),

        ms5120-r18                          INTEGER (0..5119),

        ...

    }                                                                                  OPTIONAL -- Cond periodic

}

IDC-Starting-SFN-AndSubframe-r18 ::= SEQUENCE {

    starting-SFN-r18                       INTEGER (0..1023),

    startingSubframe-r18                   INTEGER (0..9)

}




The use cases for LTE TDM solutions, e.g. BT voice, BT eSCO and WLAN beacon as described in 3GPP TR 36.816, are considered for developing the Rel-18 IDC TDM solution.  We would like to discuss the below usage scenarios one by one.
1) NR+BT earphone (VoIP service)
In the scenario of LTE voice over IP, the voice traffic transmitted by BT is actually from/to LTE. Due to the end-to-end latency requirement, in our understanding, HARQ process reservation based solution could be used in LTE for fine granularity. However, It’s unclear how to apply HARQ process reservation based solution for asynchronous HARQ in NR. Thanks to the diversified MUSIM gap patterns, MUSIM gap like solution could be applied for this scenario.  
2) NR+BT earphone (Multimedia service)
For the multimedia (HD video) scenario, the requirements for the scheduling/unscheduled periods for typical streaming applications can be obtained based on the requirements on the BT and NR sides. Similar to LTE analysis in TR36.816, the below guidelines should be met:

· The NR scheduling period is to be less than [60] msec to avoid causing playback problems at the BT receiver because of  long transmission latency;
· The NR unscheduled period is to be around [15-60] msec, which should be long enough for on time of BT, and minimized to not limit NR throughput.
It’s simple to use MUSIM gaps to control the NR unscheduled period [15-60] msec. specially, multiple MUSIM gaps could be applied to match the requirement of BT scheduling.
Regarding the control of NR scheduling period, it’s worth noting that using MUSIM gaps is simpler than DRX based solution, because the active time of DRX solution depends on the transfer status. 
3) NR+WiFi portable router
In this scenario, NR is considered as a backhaul link to access the Internet, and the connectivity is shared by other local users using WiFi. The scheduling periods and unscheduled periods should use the following guidelines:
· Scheduling periods and unscheduled periods should be typically not more than [20-60] ms, to minimize the latency in both UL and DL. 

· The scheduling and unscheduled periods should be large enough for reasonable operation of the NR and WiFi timelines.

· Consider the date rate of NR and WIFI link to balance the scheduling periods and unscheduled periods, in order to achieve roughly the same throughput on both links. 
It’s simple to use MUSIM gaps to control the NR scheduling and unscheduled periods, which are not more than [20-60] msec.
4) NR+WiFi offload
In this scenario, an NR UE can also connect to WiFi to offload traffic from NR and the WiFi transceiver of the UE operates as a terminal (not AP) in infrastructure mode. The scheduling periods and unscheduled periods should use these guidelines:
· The scheduling and unscheduled periods should typically be not more than [40-100] ms.

· Aligning the NR unscheduled period with WiFi beacons is important.

· The scheduling and unscheduled periods should be large enough for reasonable operation of the NR and WiFi timelines.

· The ratio of the scheduling and unscheduled periods should be aligned to the ratio of the volume of non-offloaded and offloaded traffic.

It’s simple to use MUSIM gaps to control the NR scheduling and unscheduled periods, which are not more than [40-100] msec and align the NR gaps with WiFi beacons.
5) NR+GNSS Receiver
This usage scenario considers that the NR UE is equipped with the GNSS (e.g. GPS) receiver to support location services. NR positioning gap has been introduced to support the positioning measurements, similarly, gap like solution can be applied to avoid UL transmission interference to the GNSS receiver.  For example, in GNSS each bit is DSSS spread over few tens of ms, i.e. 20ms bit period in case of GPS. MUSIM gaps could be used to provide interference-free time for GNSS reception.
Based on above analysis,  we can observe that MUSIM gap like solution is applicable for all above mentioned IDC usage scenarios.
Observation 1: MUSIM gap like solution is applicable for each IDC usage scenario, including NR+BT earphone (VoIP service), NR+BT earphone (Multimedia service),  NR+WiFi portable router, NR+WiFi offload, NR+GNSS Receiver.
Based on the analysis of TDM solution in our contribution[5], we also observed that:   
· DRX-PreferenceConfig-r16 defined for power saving feature is not suitable for IDC feature.

· There are potential issues to use UL and/or DL transmission occasion(s), such as UL/DL usage of the flexible slots, numerology, and HARQ process.

· Autonomous denial impacts NR performance, especially radio link monitoring
Then, we summarize the applicability of candidate TDM solution in below table.
Table 1: Applicability of different TDM solutions
	TDM solution
	Usage scenario

	
	NR+BT earphone (VoIP service)
	NR +BT earphone (Multimedia service)
	NR +WiFi portable router
	NR +WiFi offload
	NR +GNSS Receiver

	MUSIM gap like solution
	Applicable
	Applicable
	Applicable
	Applicable
	Applicable

	UL and/or DL transmission occasion(s);
	FFS
	FFS
	FFS
	FFS
	FFS

	DRX based solution
	Applicable
	Applicable
	Applicable
	Applicable
	Applicable

	Autonomous denial solution
	Complementary solution for receiving important signalling


1.2. Further details
We will further discuss below open issues of the potential MUSIM gap like solution.
1) FFS whether the MUSIM gap configuration (e.g. gap length and periodicity) designed for MUSIM use case can be reused for IDC use case, or whether the values of gap period (repetition) and length need to be aligned with the LTE DRX values as the value range is related to the coexistence scenarios of IDC. 
Based on the guideline of above usage scenarios, the unscheduled time can be summarized in below table. 
Table 2: unscheduled time of each usage scenario
	Usage scenario
	Unscheduled time

	LTE+BT earphone (VoIP service)
	Tens of msec for fine granularity

	LTE+BT earphone (Multimedia service)

	around [15-60] ms

	LTE+WiFi portable router
	not more than [20-60] ms

	LTE+WiFi offload
	not more than [40-100] ms

	LTE+GNSS Receiver
	Tens of msec, e.g. 20ms bit period in case of GPS


In Rel-17 MUSIM gap pattern,  at most 3 periodic gaps and one aperiodc gap are supported. Gap repetition is in ranges of 20ms to 5120ms, with gap length in range of {ms3, ms4, ms6, ms10, ms20}. We can observe that  MUSIM gap patterns can be reused to provide the above unscheduling time with suitable granularity and value range. 
Furthermore, gap mechanism can work with DRX configuration. It’s unnecessary to align the  gap repetition and length with the LTE DRX values as the value range is related to the coexistence scenarios of IDC.
Proposal 1: The MUSIM periodic gaps can be reused for IDC use case. 
2) FFS whether (multiple) aperiodic gap(s) is needed.

Aperiodic gaps can be used as complementary solution for receiving important BT/WiFi signalling. In this case, one aperiodic gap could be enough.  If multiple gaps are needed, we may use periodic gaps. 
Proposal 2: Aperiodic gap can be reused for receiving important BT/WiFi signalling.
Based on the analysis for issue 2 &3,  in our understanding, MUSIM gap patterns can be reused for IDC use case, and it’s unnecessary to introduce new gap pattern or more gap number of periodic gaps (>3) and aperiodic gaps(>1), then  RAN4 evaluation on the feasibility of the MUSIM gap configuration for the IDC use case is not required.
Proposal 3: RAN4 evaluation on the feasibility of the MUSIM gap configuration for the IDC use case is not required.
3) FFS whether the prohibit timer is needed.

Prohibit timer was introduced for MUSIM gap pereference to limit the signaling overload. UE shall send UAI for  MUSIM gap pereference for MUSIM purpose when the corresponding prohibit timer is not running. 

However, there is no prohibit timer for current LTE and NR IDC solution. We prefer to follow the same principle for NR IDC TDM solution.

Proposal 4: The prohibit timer is not needed for gap preference for IDC purpose.
In brief, MUSIM gap like solution can provide finer granularity than DRX based solution via periodic gaps, which can provide diversified TDM patterns, then avoid complex design of UL and/or DL transmission occasion(s). Aperiodic gaps can be configured as complementary solution for receiving important signaling instead of autonomous denial. therefore, MUSIM gap like solution  can be applied as a common solution. 
Proposal 5: The MUSIM gap like solution is applied as a common solution for all IDC usage scenarios.
3. Conclusion

Based on the discussion, we have the following observation and proposals:
Observation 1: MUSIM gap like solution is applicable for each IDC usage scenario, including NR+BT earphone (VoIP service), NR+BT earphone (Multimedia service),  NR+WiFi portable router, NR+WiFi offload, NR+GNSS Receiver.
Proposal 1: The MUSIM periodic gaps can be reused for IDC use case. 
Proposal 2: Aperiodic gap can be reused for receiving important BT/WiFi signalling.
Proposal 3: RAN4 evaluation on the feasibility of the MUSIM gap configuration for the IDC use case is not required.
Proposal 4: The prohibit timer is not needed for gap preference for IDC purpose.
Proposal 5: The MUSIM gap like solution is applied as a common solution for all IDC usage scenarios.
4. References

[1] RP-221281
Revised WID: In-Device Co-existence (IDC) enhancements for NR and
 MR-DC
[2] R2_119-e-IDC Notes
[3] TR36816-b20  Study on signalling and procedure for interference avoidance for in-device coexistence
[4] R2-2208952 [Post119-e][651][IDC] Comparison of TDM solutions (Xiaomi)
[5] R2-2208397_Discussion on TDM solution for IDC, vivo
[image: image1.png]



