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1 Introduction
In RAN4#108 meeting, the discussion on RRM core requirements for inter-RAT measurement without gap was conducted and a WF was approved in [1]. In this paper, we would like to provide our further consideration on the RRM requirements for inter-RAT measurement without gap.
2 Discussion
Based on the progress in the previous meetings, the using scenarios for inter-RAT NR/LTE measurements without gap are down-selected as below:
a. the inter-RAT NR measurements without gap in Rel18 includes the scenario below.
· Case a-1: UE performing the measurements without gap in NR carriers as there is vacant RF chains for UE measurements
b. the inter-RAT LTE measurements without gap in Rel18 includes the two scenarios below.
· Case b-1: UE performing the measurements without gap in LTE carriers as there is vacant RF chains for UE measurements 
· Case b-2: LTE CRS are fully contained within UE’s active BWP 
Scheduling restrictions
	Issue 2-2-1: Scheduling restriction due to mixed numerology for case b-2
· Proposals
· Option 1: The scheduling restriction shall be defined for inter-RAT LTE measurement case b-2 with mixed numerology, -- serving cell and target MO have mixed SCS and they are in the same band, and UE does not support mixed SCS between serving cell and target MO.
· Option 1a: The scheduling restriction shall be defined for inter-RAT LTE measurement case b-1 and b-2 with mixed numerology, -- serving cell and target MO have mixed SCS and they are in the same band, and UE does not support mixed SCS between serving cell and target MO.
· Option 2: A new UE capability to support mix-numerology scheduling restriction for inter-RAT LTE measurement and NR data reception with 30KHz can be introduced.
· Option 3: RAN4 does not need to define scheduling restriction due to mixed numerology and simultaneous TxRx at least for DSS scenario in case b-2.

Issue 2-2-2: Scheduling restriction when UE does not support simultaneous Tx and Rx on the serving cell and target band  
· Proposals
· Option 1: Specify scheduling restriction.

Issue 2-2-3: Scheduling restriction due to mixed numerology for case b-1
· Proposals
· Option 1: Not specify scheduling restriction similar as NCSG.
Option 2: specify scheduling restriction


The scheduling restriction requirements for inter-RAT LTE measurement are still open. 
For case b-1 which is based on NCSG capability, the same logic as we took in the scheduling restriction requirement for Rel-17 inter-frequency NR measurement with NCSG should be applied. In Rel-17 inter-frequency NR measurement with NCSG requirement, scheduling restriction is considered for the case UE does not support mixed SCS between serving cell and target MO. For case b-2 where target LTE RS is within UE’s active BWP, we agree the scheduling restriction is naturally needed for mixed numerology case. So, we prefer that the scheduling restriction shall also be defined for inter-RAT LTE measurement case b-1 with mixed numerology.
Proposal 1: The scheduling restriction shall be defined for inter-RAT LTE measurement case b-1 and b-2 with mixed numerology.
Searcher limitation
	Issue 2-3-1: searcher limitation
· Agreements
· For Case b-2, performing inter-RAT measurement and NR measurements in parallel without searcher limitation is NOT supported in Rel-18.
· FFS whether to apply the same limitation to case b-1.


For inter-RAT LTE measurement, the searcher limitation was agreed for case b-2 in last meeting. From our perspective, we support to apply the same searcher limitation to case b-1. The gapless inter-RAT LTE measurement is conducted based on NR system, which from our side, shares the measurement resources with all NR gapless measurements. So, we think it is reasonable to define the inter-RAT measurement requirement following the legacy searcher assumption, i.e. two searchers.
[bookmark: OLE_LINK5]Proposal 2: For case b-1, performing inter-RAT measurement and NR measurements in parallel without searcher limitation is NOT supported in Rel-18 WI.
	Issue 2-4-2: Effective measurement window Configuration
· Agreements
· FFS RAN4 to introduce the effective measurement window duration: 2ms and 5.5ms with periodicity 40ms, 80ms.
· FFS whether UE capability for window duration of 2ms in case of sync is needed or re-use the legacy LTE capability for MGL=3ms.
· FFS this applies to the condition that UE does not need to detect PSS/SSS.


The effective measurement window(EMW) has already been agreed to be introduced for the gapless inter-RAT LTE measurement. Similar to SMTC configuration, EMW is supposed to be configured by NW with duration, periodicity, and offset. UE is only expected to measure PSS/SSS and CRS within the EMW window. Based on the discussion, the EMW duration=2ms and 5.5ms with EMW periodicity= 40ms, 80ms have already been supported, while the conditions for the EMW duration=2ms are still open.
For LTE, the PSS/SSS is transmitted every 5ms and the CRS is transmitted on every subframe. We think the agreed EMW duration= 5.5ms is supposed to guarantee the PSS/SSS transmission. However, for these inter-RAT LTE cells that already have sufficient timing synchronization information, a window longer than 5ms is not needed to search for PSS/SSS. 
Observation 1: For these inter-RAT LTE cells that already have sufficient timing synchronization information, the EMW duration of 2ms is feasible for conducting CRS based measurement for LTE.
We understand companies’ motivation to introduce shorter EMW duration. To some extent, shorter EMW duration brings less scheduling impact and provides more flexibility. As analysis above, the feasibility of shorter EMW duration is that UE has already get the timing of the target inter-RAT LTE cell(s). So, we can accept to additionally introduce the effective measurement window duration 2ms when the target inter-RAT LTE cell is already known.
[bookmark: _Hlk146566356]Proposal 3: The EMW duration= 2ms could be configured under the condition that the target inter-RAT LTE cell is already known.
During RAN4#107 meeting, it was agreed to introduce the EMW for inter-RAT LTE measurement and a LS was sent to RAN2 [2] with the description that “RAN4 agrees to introduce the effective measurement window for both Case b-1 and Case b-2”.
Based on our understanding, the EMW configuration was initially introduced to faciltize the inter-RAT LTE measurement in case b-2. However, in RAN4#106bis it was agreed to reuse Rel-17 signaling to support case b-1 indeed.  
	< Agreements in R4#106bis-e>: 
· Reuse NeedForNCSG-InfoEUTRAN to support Case b-1
· A new per-UE capability to support Case b-2 should be defined.


RAN4 has agreed to reuse NeedForNCSG-InfoEUTRA-r17 to support case b-1, which means the inter-RAT LTE measurement is supposed to be performed based on NCSG pattern and the UE’s behavior is defined clearly. However, if we further consider EMW configuration in this case, UE’s behavior shall be further clarified. Basically, we think a new UE capability of supporting EMW together with NCSG should be introduced.
Observation 2: With the agreed the UE capability to support case b-1, EMW functionality will be invalid. The new UE capability to support case b-1 and EMW is needed.
Alternatively, if it can be acceptable to the group, we are fine to send a LS to RAN2 to clarify RAN4’s agreement that the EMW is only expected to be introduced to case b-2 other than both case b-1 and case b-2.
Proposal 4: For the EMW configuration in case b-1,
· Alt1: RAN4 to introduce a new per-UE capability to support the EMW configuration on top of NeedForNCSG-InfoEUTRA-r17, and define corresponding requirements;
· Alt2: RAN4 to confirm that EMW is only expected to be introduced to case b-2 other than both case b-1 and case b-2 and send a LS to RAN2 to clarify.
If the group agreed to go with alt1, i.e. introducing a new per-UE capability to solve this issue, we propose the feature list as below:  
[bookmark: _GoBack]Proposal 5: Propose to update the feature list for NR_MG_enh2 as below if it was agreed to introduce a new per-UE capability to support the EMW configuration on top of NeedForNCSG-InfoEUTRA-r17.
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	NR_MG_enh2
	
	Inter-RAT LTE measurement without MG
	1) Support of inter-RAT LTE measurement without MG 


	19-1b
	Yes
	No
	UE cannot perform inter-RAT LTE measurement without MG when Reporting of Network controlled small gap (NCSG) for EUTRA
	Per UE
	NO
	NO
	N/A
	
	Optional with capability signaling


Measurement requirements
	Issue 2-4-3: Scaling factor for case a-1
· Proposals
· Option 1: Update Nfreq to cover the inter-RAT NR MOs with no measurement gap.
· Option 2: For case a-1, RAN4 to follow the inter-RAT NR measurement in LTE to introduce the multiple frequency layers scaling factor Nfreq,NeedForGaps_interrupt and Nfreq,NeedForGaps_no_interrupt.
· Nfreq,NeedForGaps_interrupt is the total number of monitored inter-RAT NR carriers which belongs to the bands where UE reports ‘no gap with interruption’ in NeedForGaps;
· Nfreq,NeedForGaps_no_interrupt is the total number of monitored inter-RAT NR carriers which belongs to the bands where UE reports ‘no gap no interruption’ in NeedForGaps
· Option 3: 
· CSSF is replaced by the Nfreq which is the number of inter-frequency and inter-RAT carriers
· Klayer1_measurement is removed
Issue 2-4-4: Scaling factor for case b-1 and b-2
· Proposals
· Option 1: Update CSSFinterRAT = CSSFouside_gap,i to take the inter-RAT LTE MOs with no measurement gap in to consideration.
· Option 2:
· In case b-1, RAN4 to define CSSF_(interRAT,gapless) equaling CSSF_(outside_gap) which additionally includes the number of inter-RAT LTE gapless measurement Mos
· In case b-2, RAN4 to define CSSF_(interRAT,gapless) which equals the number of configured inter-RAT LTE MOs within the active NR BWP
· Option 3: CSSFinterRAT is defined as CSSF outside MG, and inter-RAT carriers measured without MG are counted in CSSF outside MG


For inter-RAT NR measurement in case a-1, it has agreed in previous meeting to define both “no gap but interruption allowed” and “no gap no interruption” requirements. Generally, the inter-RAT NR measurements in case a-1 is supposed to be conducted in the spare RF chain which is similar as NCSG. We think the requirements defined for NCSG capability when UE indicating ‘ncsg’ and ‘nogap-noncsg’ could be taken as baseline for Rel-18 NeedForGaps capability when UE indicating ‘no gap with interruption’ and ‘no gap no interruption’. Based on the progress, the scaling factor Nfreq to derive UE measurement period requirements is still not stable. We think the agreements achieved in the NeedForGap discussion could be reused when taken MG into consideration.
Proposal 6: Use scaling factor Nfreq to derive measurement period requirements for UE indicating nogap-nointerruption and indicating nogap-withinterruption in case a-1. 
[bookmark: OLE_LINK2]The measurement period requirements for case b-1 and case b-2 are still open. Generally, the basic framework has been agreed and the main remaining issue is on the parameter TBasicIdentify, Tinter1 and CSSFinterRAT. Based on previous agreements, the measurements in case b-1 is for UE indicating ‘nogap-noncsg’ based on NCSG capability, while the measurement in case b-2 is for ‘no gap no interruprion’ case based on a new per-UE capability. Generally, we think the impacts on measurement period requirements for case b-1 and b-2 are the same. For simplicity, we can accept to taken LTE inter-frequency measurement requirement as baseline. In this way, we propose
Proposal 7: The measurement period requirements for case b-1 and case b-2 can be defined with the following updates: 
· TBasicIdentify = 480ms;
· TInter1=30 ms for EMWRP=80 ms, and TInter1=60 ms for EMWRP=40 ms;
3 Conclusion
Proposal 1: The scheduling restriction shall be defined for inter-RAT LTE measurement case b-1 and b-2 with mixed numerology.
Proposal 2: For case b-1, performing inter-RAT measurement and NR measurements in parallel without searcher limitation is NOT supported in Rel-18 WI.
Observation 1: For these inter-RAT LTE cells that already have sufficient timing synchronization information, the EMW duration of 2ms is feasible for conducting CRS based measurement for LTE.
Proposal 3: The EMW duration= 2ms could be configured under the condition that the target inter-RAT LTE cell is already known.
Observation 2: With the agreed the UE capability to support case b-1, EMW functionality will be invalid. The 
new UE capability to support case b-1 and EMW is needed.
Proposal 4: For the EMW configuration in case b-1,
· Alt1: RAN4 to introduce a new per-UE capability to support the EMW configuration on top of NeedForNCSG-InfoEUTRA-r17, and define corresponding requirements;
· Alt2: RAN4 to confirm that EMW is only expected to be introduced to case b-2 other than both case b-1 and case b-2 and send a LS to RAN2 to clarify.
Proposal 5: Propose to update the feature list for NR_MG_enh2 as below if it was agreed to introduce a new per-UE capability to support the EMW configuration on top of NeedForNCSG-InfoEUTRA-r17.
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	NR_MG_enh2
	
	Inter-RAT LTE measurement without MG
	2) Support of inter-RAT LTE measurement without MG 


	19-1b
	Yes
	No
	UE cannot perform inter-RAT LTE measurement without MG when Reporting of Network controlled small gap (NCSG) for EUTRA
	Per UE
	NO
	NO
	N/A
	
	Optional with capability signaling


Proposal 6: Use scaling factor Nfreq to derive measurement period requirements for UE indicating nogap-nointerruption and indicating nogap-withinterruption in case a-1. 
Proposal 7: The measurement period requirements for case b-1 and case b-2 can be defined with the following updates: 
· TBasicIdentify = 480ms;
· TInter1=30 ms for EMWRP=80 ms, and TInter1=60 ms for EMWRP=40 ms;
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