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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
In last meeting, RAN4 had some discussion on Inter-RAT measurement without gap[1]. The following terminologies are used during the discussion.
	Up to this meeting, all proposed possible using scenarios for inter-RAT NR/LTE measurements without gap can summarized as:
1. the inter-RAT NR measurements without gap in Rel18 includes the two scenarios below.
0. Case a-1: UE performing the measurements without gap in NR carriers as there is vacant RF chains for UE measurements
0. Case a-2: NR reference signal to be measured are fully contained within UE’s LTE channel bandwidth 
 
1. the inter-RAT LTE measurements without gap in Rel18 includes the two scenarios below.
0. Case b-1: UE performing the measurements without gap in LTE carriers as there is vacant RF chains for UE measurements 
0. Case b-2: LTE CRS are fully contained within UE’s active BWP 
We can use these index below to aviod any confustion.


RAN4 made the following agreements for the potential scenarios for inter-RAT measurement without gap.
	RAN4 #106
Issue 2-2-1: On top of which UE capability to support the inter-RAT NR measurement without gap when UE has vacant RF chain available (Case a-1)
< Agreement >: 
· Add the request on the additional signaling from UE to indicate the inter-RAT NR measurements without gap but interruption needed in the inter-RAT NR measurement without gap (case a-1) to the LS to RAN2

RAN4 #106b-e
Issue 2-2-1: UE capability to support the inter-RAT LTE measurement requirements when UE has vacant RF chain available(Case b-1)
< Agreement >: 
· Reuse NeedForNCSG-InfoEUTRA-r17 to support Case b-1
· Define requirements for case when UE reports “nogap-noncsg” in NeedForNCSG-InfoEUTRA-r17 for indicating no-gap without interruption.

RAN4 #107
Issue 2-2-2: UE capability to support the inter-RAT LTE measurement requirements when LTE CRS to be measured is contained in UE’s active BWP(Case b-2)
· Agreement
· Introduce a new per-UE capability to support case b-2 similar as Rel-16 inter-frequency measurement without gap
· “No gap with interruption” is not considered for case b-2
· No interruption is considered for case b-2



[bookmark: _Ref516345544]In this contribution, we will continue to discuss the requirement on Inter-RAT measurement without gap.
2 UE capabilities
In last meeting, companies have agreed to introduce a new capability to implement inter-RAT LTE measurement without gap(case b-2). 
	Issue 2-2-2: UE capability to support the inter-RAT LTE measurement requirements when LTE CRS to be measured is contained in UE’s active BWP(Case b-2)
· Agreement
· Introduce a new per-UE capability to support case b-2 similar as Rel-16 inter-frequency measurement without gap
· “No gap with interruption” is not considered for case b-2
· No interruption is considered for case b-2
· FFS on power imbalance side conditions for Case b-2 measurements
· FFS whether scheduling restriction shall be defined for inter-RAT LTE measurement case b-2 with mixed numerology.


In our understanding, the aim of case b-2 is to enhance the performance for DSS which is a specific use case instead of a general inter-RAT measurement scenario. Currently, UE will support intra-frequency and inter-frequency measurement without gap which will also have power imbalance between the serving cell and target cell. We don’t think power imbalance will be an issue to impact such inter-RAT measurement without gap.
[bookmark: _Ref118413156]Proposal 1: No power imbalance issue for case b-2.
3 Inter-RAT NR measurement without gap requirement (case a-1)
In last meeting, RAN4 agreed to define requirement for case a-1 as follow.
	Issue 2-4-2: Measurement period requirements for case a-1 with “no gap but interruption allowed”
< Way forward/Agreement >: 
· FFS on measurement period requirements for case a-1 with “no gap but interruption allowed"
 
Issue 2-4-3: Measurement period requirements for case a-1 with “no gap no interruption”
< Way forward/Agreement >: 
· FFS on measurement period requirements for case a-1 with “no gap no interruption”


In RAN4 #105 meeting, RAN4 agreed to support inter-RAT NR measurement without gap only on top of ‘NeedForGaps’. Thus, it’s naturally to introduce inter-RAT NR measurement without gap requirement within NeedForGaps framework.
[bookmark: _Ref130204756]Proposal 2: For case a-1, RAN4 to follow the NeedForGaps requirement when UE reports ‘no gap with interruption’ in NeedForGaps. 
Additionally, the measurement delay requirement can be similar as inter-RAT NR measurement defined in TS36.133. For example, the multiple frequency layers scaling factor is the total number of monitored inter-RAT NR carriers which belongs to the bands where UE reports ‘interruption’ in NeedForGaps.
[bookmark: _Ref130204758]Proposal 3: 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.
[bookmark: _Ref130204762]Proposal 4: For case a-1, RAN4 to update Nfreq in LTE inter-RAT NR measurement when UE supports NeedForGaps.
4 Inter-RAT LTE measurement without gap requirement (case b-1 and case b-2)
4.1 General
General principle
In last meeting, RAN4 agrees to introduce the effective measurement window for inter-RAT LTE measurement as follow. Some remaining issues need to be handled, such as scheduling restriction, measurement restriction and candidate values. 
	Issue 2-4-9: Effective measurement window
· Agreement
· Introduce the effective measurement window for inter-RAT LTE measurement, including offset, duration and periodicity.
· The effective measurement window is used to determine the location of scheduling and measurement restriction.
· FFS whether the effective measurement window is used to handle the collision between the SSB and LTE measurement
· Candidate values for effective measurement window duration: 5ms
· Other values are not precluded
· Candidate values for periodicity of effective measurement window: 40ms and 80ms
· Other values are not precluded



Similar as MG and NCSG, an effective measurement window has introduced for inter-RAT LTE measurement without gap. The UE can perform the inter-RAT LTE measurement without gaps within the effective measurement window. In legacy LTE measurement gap, both 6ms and 3ms are introduced. Thus, in our opinion, the possible EMW duration of 2ms shall also be considered to allow some flexibility to NW configuration. 
[bookmark: _Ref115028542][bookmark: _Ref130204778][bookmark: _Ref134118776]Proposal 5: RAN4 to additionally introduce the effective measurement window duration 2ms with periodicity 40ms, 80ms. 

Searcher limitation
In NR, when RAN4 discussed the measurement without gap, one of the important aspects is searcher limitation. RAN4 introduced the NR searcher concept for measurement. The maximum number of NR searchers is 2 which means UE can support at most 2 parallel NR measurements. One searcher is exclusive used by PCell. The other searcher will be shared with MOs measurement without gap. That’s the technical background to define the CSSF outside gap.
	Issue 2-3-2: Searcher limitation 
· Way forward
· Option 1: Inter-RAT LTE measurement without gap(case b-2) can be performed in parallel with NR measurement without searcher limitation
· Option 2: Performing inter-RAT measurement and NR measurements in parallel without searcher limitation is NOT supported
· Option 3: RAN4 shall delay the discussion on searcher limitation requirement until RAN4 reaches conclusion on parallel measurements


However, there is no searcher concept in LTE since UE can perform LTE measurement in any place with CRS. A good example is no further limitation for E-UTRA intra-frequency measurements in EN-DC. The CSSF for NR measurement also doesn’t consider any LTE intra-frequency measurement without gap. Thus, Inter-RAT measurement without gap can be performed in parallel with NR measurement without searcher limitation.
[bookmark: _Ref115028501]Observation 1: There is no searcher limitation for LTE intra-frequency measurement together with NR measurement in EN-DC.
[bookmark: _Ref115028519]Proposal 6:  Inter-RAT LTE measurement without gap(case b-2) can be performed in parallel with NR measurement without searcher limitation. 
4.2 Scheduling restriction
In NR, scheduling restriction is always defined for a measurement without gap, such as intra-frequency measurement without gap, inter-frequency measurement without gap, and inter-frequency measurement with NCSG etc. The possible related scheduling restriction is UE performing measurements in TDD bands or with different SCS for inter-RAT LTE measurement without gap. Especially, in Rel-17 CRS-IM discussion, RAN4 had already agreed to introduce the CRS-IM when NR data with SCS=30KHz and LTE with SCS=15KHz which can be a typical scenario to be discussed. In Rel-17 CRS-IM, a new capability for this scenario has been introduced. Thus, we agree to introduce a new UE capability to support mix-numerology of inter-RAT LTE measurement and NR data reception with SCS=30KHz.
	Issue 2-5-2: Scheduling restriction for inter-RAT LTE measurements
 < Way forward/Agreement >: 
· Scheduling restriction due to inter-RAT LTE measurement are applicable when 
· UE does not support simultaneous Tx and Rx on the serving cell and target band
· FFS on Serving cell and target MO have mixed SCS and they are in the same band


[bookmark: _Ref115028526]Proposal 7: When the target inter-RAT LTE frequency layers belong to an intra-band with the serving cells, scheduling restriction is expected due to mix-numerology.
[bookmark: _Ref141107696]Proposal 8: A new UE capability to support mix-numerology scheduling restriction for inter-RAT LTE measurement and NR data reception with 30KHz can be introduced.
As we know, the benefits to introduce the scheduling restriction implies NW can schedule the data outside the symbols to-be-measured. In NR, the to-be-measured symbols are SSB symbols or CSI-RS symbols. The question is how to apply the scheduling restriction for E-UTRAN measurement. The E-UTRAN measurement is based on CRS/PSS/SSS other than SSB symbols and the measurement can be performed in any CRS without restriction. Thus, RAN4 needs to further discuss how to apply the scheduling restriction based on LTE measurement RSs, such as 1 symbol before and after the CRS symbols.
[image: ]
Figure 1. The LTE CRS and NR SSB structure in symbol level 
[bookmark: _Ref115028531][bookmark: _Ref125658291][bookmark: _Ref118413177]Proposal 9: RAN4 to study the following scheduling restriction principles based on LTE measurement RSs, 
· How to apply the restriction symbols before and after the CRS symbols for inter-RAT LTE measurement without gap.
4.3 Measurement restriction
When RAN4 discussed L1 measurement, measurement restrictions are introduced for SSB measurement colliding with CSI-RS measurement. Similarly, when RAN4 discusses inter-RAT LTE measurement, an important issue is how to handle the measurement collision between NR measurement and LTE measurement. As we know, the reason to introduce the effective measurement window(EMW) is to define a clear occasion for inter-RAT LTE measurement. Thus, when NR measurement collides with inter-RAT LTE measurement, a similar solution compared with L1 measurement can be introduced. When the LTE EMW occasions are fully or partially overlapping with NR measurement, LTE EMW occasions can be dropped depending on the numerology between LTE and NR.
In FR1, when the LTE EMW occasions are fully or partially overlapping with NR SMTC/CSI-RS to be measured in time domain, 
· If NR measurement and LTE measurement have the same SCS, UE can perform both measurements at the same time.
· If NR measurement and LTE measurement have the different SCS,
· If UE supports mix numerology between NR and LTE measurement, UE shall be able to measure the LTE CRS without any restriction;
· If UE doesn’t support mix numerology between NR and LTE measurement, UE is required to perform measurement on NR and drop the measurement occasions for LTE. A similar scaling factor as Kgap can be introduced for inter-RAT LTE measurement.
[bookmark: _Ref141107705]Proposal 10: When the LTE EMW’s occasions are fully or partially overlapping with NR SMTC/CSI-RS measurement in time domain, LTE EMW occasions shall be dropped if NW configures mix-numerology between LTE and NR.
4.4 Measurement delay
The agreement for general measurement requirement in case b-1 and case b-2 are as follow. We will continue to share the requirement for case b-1 and case b-2.
	Issue 2-4-5: Measurement period requirements for case b-1 no gap no interruption allowed
< Way forward/Agreement >: 
· The measurement requirement for case b-1 and case b-2 can be defined by the framework below.

· FFS on update definition of Tinter1 and CSSFinterRAT
 
Issue 2-4-7: Measurement period requirements for case b-2 no gap no interruption allowed
< Way forward/Agreement >: 
Leverage the same agreements from issue 2-4-5. 
· The measurement requirement for case b-1 and case b-2 can be defined by the framework below.
 
· FFS on update definition of Tinter1 and CSSFinterRAT



CSSF
As we discussed before, the inter-RAT LTE measurement without gap won’t be performed within gap and SMTC. Thus, the scaling factor for inter-RAT LTE measurement without gap can be only based on the number of frequency layers for E-UTRAN measurement without gap separately.
[bookmark: _Ref130204785]Proposal 11: In case b-1, RAN4 to define  equaling  which additionally includes the number of inter-RAT LTE gapless measurement MOs.
[bookmark: _Ref130204788]Proposal 12: In case b-2, RAN4 to define  which equals the number of configured inter-RAT LTE MOs within the active NR BWP.
Tinter1
In our understanding, Tinter1 will be derived based on the effective measurement window following the same principle as LTE measurement with RF retuning time 0.5ms.	
[bookmark: _Ref130204795]Proposal 13:In case b-1 and b-2 ‘no gap no interruption’, , and  can be derived by the periodicity and duration of the effective measurement window(EMW).

5 Conclusion
In the contribution, we discuss the inter-RAT measurement without gap in Rel-18. We have the following proposals:
Observation 1: There is no searcher limitation for LTE intra-frequency measurement together with NR measurement in EN-DC. 
Proposal 1: No power imbalance issue for case b-2.
Proposal 2: For case a-1, RAN4 to follow the NeedForGaps requirement when UE reports ‘no gap with interruption’ in NeedForGaps.
Proposal 3: 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.
Proposal 4: For case a-1, RAN4 to update Nfreq in LTE inter-RAT NR measurement when UE supports NeedForGaps.
Proposal 5: RAN4 to additionally introduce the effective measurement window duration 2ms with periodicity 40ms, 80ms.
Proposal 6:  Inter-RAT LTE measurement without gap(case b-2) can be performed in parallel with NR measurement without searcher limitation.
Proposal 7: When the target inter-RAT LTE frequency layers belong to an intra-band with the serving cells, scheduling restriction is expected due to mix-numerology.
Proposal 8: A new UE capability to support mix-numerology scheduling restriction for inter-RAT LTE measurement and NR data reception with 30KHz can be introduced.
Proposal 9: RAN4 to study the following scheduling restriction principles based on LTE measurement RSs,
· How to apply the restriction symbols before and after the CRS symbols for inter-RAT LTE measurement without gap.
Proposal 10: When the LTE EMW’s occasions are fully or partially overlapping with NR SMTC/CSI-RS measurement in time domain, LTE EMW occasions shall be dropped if NW configures mix-numerology between LTE and NR.
Proposal 11: In case b-1, RAN4 to define  equaling  which additionally includes the number of inter-RAT LTE gapless measurement MOs.
Proposal 12: In case b-2, RAN4 to define  which equals the number of configured inter-RAT LTE MOs within the active NR BWP.
Proposal 13:In case b-1 and b-2 ‘no gap no interruption’, , and  can be derived by the periodicity and duration of the effective measurement window(EMW).
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