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1 Introduction
In RAN#96-e, a new Rel-18 WI [1] of In-Device Co-existence (IDC) enhancements for NR and MR-DC is approved. According to the WID, the objectives of IDC include the followings:
	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.
· [bookmark: OLE_LINK1]Specify RRM requirements for TDM solution (RAN4)
Note: LTE IDC solution should be considered as the baseline for the solutions developed in this WI.


In this contribution, we will provide our consideration on the RRM impact of TDM solution for In-Device Co-existence (IDC) enhancements.
2 [bookmark: OLE_LINK4]Discussion
In LTE, the study of IDC impact was conducted in RAN4. Generally, RAN4 impact was identified in terms of TDM solution. The following TDM solutions have been supported in LTE IDC feature:
· DRX based solution;
· Subframe pattern solution;
· Network controlled UE autonomous denial solution. 
After extensive discussion, RAN4 agreed that UE should comply with existing RRM, RLM and CSI measurement requirements for all these IDC TDM solutions. The only spec impact is that additional delay is expected when IDC autonomous denial is configured, which is clarified in TS 36.133 for measurement reporting requirements and UE Rx-Tx time difference measurements requirements.
In Rel-18 IDC WID, RAN4 is responsible for specifying RRM requirements for TDM solution. Based on RAN2 progress, two TDM solutions are supported for Rel-18 IDC, i.e. DRX solution and autonomous denial solution.
2.1 DRX based solution
For DRX solution, RAN2 conclusions are captured below:
	RAN2 agreements:
· The NR values of long/short DRX cycle and start offset are used for periodic pattern. RAN2 will not introduce new DRX value for network configuration for IDC purpose.
· The slot offset with 1/32ms granularity is included in UEAssistanceInformation-v18xy-IEs for start offset.
· Multiple periodic patterns for IDC are not supported in R18.


According to these agreements, no new DRX value would be introduced for IDC purpose. That is to say, the DRX cycle used for IDC purpose is within the existing specified DRX cycle range, so no further RRM impact is expected.
[bookmark: OLE_LINK5]Proposal 1: No new RRM impact is expected for the DRX solution in Rel-18 IDC.
2.2 [bookmark: OLE_LINK2][bookmark: OLE_LINK6]Autonomous denial solution
For the autonomous denial solution, RAN2 was agreed to use the LTE autonomous denial solution as the baseline and a LS was sent to RAN4 [2]. The LS is attached below, as we can see the Rel-18 autonomous denial solution framework is quite similar as LTE:  
	[bookmark: OLE_LINK13][bookmark: OLE_LINK12]RAN2 has agreed to introduce per CG autonomous denial configuration for the NR IDC issue. The time unit for autonomous denial configuration is slot. This means that the UE is allowed to deny any transmission in a particular slot if during the number of slots indicated by autonomousDenialValidity, preceeding and including this particular slot, it autonomously denied fewer slots than indicated by autonomousDenialSlots. For the autonomous denial parameters, the following values are agreed for both single CC and carrier aggregation cases. RAN2 also observed that the autonomous denial solution might require new RRM requirements in RAN4, as LTE.
autonomousDenialParameters-r18		SEQUENCE {
			autonomousDenialSlots-r18			ENUMERATED { n2, n5, n10, n15,
														n20, n30, spare2, spare1},
			autonomousDenialValidity-r18		ENUMERATED { n200, n500, n1000, n2000,
														spare4, spare3, spare2, spare1}
FFS On other values.


Impact on UE measurement requirements
Generally, the autonomous denial solution has no impact on DL resource, so the UE measurement requirements regarding L3 measurements, RLM/BFD and L1 measurements are still applicable. In this way, we think UE should comply with all existing measurement requirements for IDC autonomous denial solution, which is also align with LTE agreements.
[bookmark: OLE_LINK7]Proposal 2: UE should comply with the existing RRM requirements of L3 measurements, RLM/BFD and L1 measurements for IDC autonomous denial solution.
[bookmark: OLE_LINK9][bookmark: OLE_LINK17]Impact on UE Rx-Tx time difference measurements
[bookmark: OLE_LINK10]The autonomous denial of UL slots may have impact on requirements involving UL signal transmission.  
[bookmark: OLE_LINK18][bookmark: OLE_LINK16]UE Rx-Tx time difference measurements is an estimation of the time difference between reception and transmission time from UE side. Specifically, the time difference is to count the time between TUE-RX i.e. the UE received timing of downlink subframe #i and TUE-TX, i.e. the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received. So, RAN4 should evaluate the impact of autonomous denial of UL slots on TUE-TX. 
[bookmark: OLE_LINK11]As specified in clause 9.9.4.2 of TS 38.133, UE is supposed to transmit SRS within [-160, 160] msec of at least one DL PRS resource of each of the TRPs in the assistance data. Based on the RAN2 design on automous denial, the maximum denial rate is 30 denial slots, the equivalent of 30 ms for SCS=15KHz, out of the IDC autonomous denial validity period of 200 ms. There exists 170ms remaining time in the worst case, which is enough for UE to transmit SRS. We think UE still need to comply with the existing RRM requirements of UE Rx-Tx time difference measurements for IDC autonomous denial solution.
Proposal 3: UE should comply with the existing UE Rx-Tx time difference measurements requirements for IDC autonomous denial solution. 
Impact on measurement reporting
[bookmark: OLE_LINK8]Furthermore, same situation as for LTE, the measurement reporting would be delayed if the denial slots overlap with the event triggered reporting instance. Below we list all of the requirements involved event triggered measurement reporting:
· NR intra-frequency measurements
· NR inter-frequency measurements
· Inter-RAT measurements
· Cross Link Interference measurements
· CLI-RSSI measurements
· CSI-RS based L3 measurement
We prefer to capture the clarification that additional delay of event triggered measurement reporting can be expected when IDC autonomous denial is configured into specification, following the same way as in LTE.
Besides, as mentioned in above LS, the Rel-18 autonomous denial configuration is per-CG configuration and applicable to both single CC and carrier aggregation cases. And the discussion on whether and how the UE calculates the denied UL slots across all CC(s) is still ongoing in RAN2. Since the measurement reporting are performed per CC, we think it is reasonable to clarify in the spec that the additional delay can only be expected on the CC(s) where the UL solt(s) are dropped.
[bookmark: OLE_LINK14]Proposal 4: When UE autonomous denial is activated, and when denial slots overlap with a measurement reporting event, additional delay of event triggered measurement reporting can be expected on the CC(s) on which UL slots is denied.
3 Conclusion
Proposal 1: No new RRM impact is expected for the DRX solution in Rel-18 IDC.
Proposal 2: UE should comply with the existing RRM requirements of L3 measurements, RLM/BFD and L1 
measurements for IDC autonomous denial solution.
Proposal 3: UE should comply with the existing UE Rx-Tx time difference measurements requirements for IDC autonomous denial solution. 
[bookmark: _GoBack]Proposal 4: When UE autonomous denial is activated, and when denial slots overlap with a measurement reporting event, additional delay of event triggered measurement reporting can be expected on the CC(s) on which UL slots is denied.
4 Reference 
[1] RP-221281, In-Device Co-existence (IDC) enhancements for NR and MR-DC
[2] [bookmark: OLE_LINK3]R2-2302074, LS to RAN4 on autonomous denial for IDC
