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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 also made the following agreements for the potential scenarios for inter-RAT measurement without gap.
	Issue 2-1-1: inter-RAT NR target scenarios(Case a-2) 
< Agreement >: 
· De-prioritize Case a-2 inter-RAT NR target scenario
 
Issue 2-1-2: inter-RAT LTE target scenario (Case b-1)
< Agreement >: 
· Case b-1(UE performing the measurements without gap in LTE carriers as there is vacant RF chains for UE measurements) shall be considered 
 
Issue 2-1-3: extend to MR-DC cases 
< Agreement >: 
· Deprioritize the inter-RAT measurements without gap (both case a-2 and b-2) in MR-DC


[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 widely discussion on which capabilities to implement the requirement for inter-RAT measurement without gap.
	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 >: 
· Option 1: 
· ONLY on top of ‘interRAT-NeedForGapsNR-r16’ capability to support case a-1. 
· The exact value to be reported can be FFS. E.g. 
· after RAN4 concludes NeedForGapsNR requirements design 
 
Issue 2-2-3: On top of which UE capability to support the inter-RAT LTE measurement requirements when UE has vacant RF chain available(Case b-1)
< Way forward >: 
· Option 1:  
· ONLY on top of ‘nogap-noncsg’ in NeedForNCSG-InfoEUTRAN to define the UE capability to support Case b-1 
· Option 2:  
· Both NeedForNCSG-InfoEUTRAN and NeedForGap shall be considered also
   
Issue 2-2-4: On top of which 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)
< Way forward>: 
· Option 1a:  
· extend the capability of NeedForGaps
· Option 1b:  
· extend the capability of NeedForNCSG
· Option 2:, 
· A new UE capability should be defined the capability of NeedForGaps for inter-frequency measurement wo gap in Rel16 can be taken as the baseline


In issue 2-2-3 inter-RAT LTE measurement, we think current existing NCSG capabilities is fine to support case b-1. It’s unnecessary to further extend the existing capabilities.
[bookmark: _Ref118413152]Proposal 1: Only following NCSG to define the UE capability for Case b-1.
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. Furthermore, current NCSG and NeedForGaps capabilities need UE’s dynamic reporting when serving cells’ configuration changes. Inter-RAT LTE measurement without gap should be a static capability and band independently.
[bookmark: _Ref118413156]Proposal 2: RAN4 to introduce a new UE capability for case b-2.
3 Inter-RAT LTE measurement without gap requirement
Requirement framework
In last meeting, one of the open issues is to use which framework to define inter-RAT LTE requirement. However, the UE’s behaviour for inter-RAT LTE measurement without gap is unclear. In our understanding, it’s easy to choose to follow which LTE measurement framework once RAN4 has a common understanding on UE’s behaviour for inter-RAT LTE measurement without gap. RAN4 should discuss the UE’s behaviour for inter-RAT LTE measurement without gap instead of reusing which LTE measurement framework.
	Issue 2-3-2: Framework used to define inter-RAT LTE measurement without gap
< Way forward >: 
· Option 1: 
· For the inter-RAT LTE gap-less measurement, the requirements can be based on the existing inter-RAT LTE measurement requirements in TS38.133[3] 9.4.
· Option 2: 
· For the inter-RAT LTE gap-less measurement, the requirements can be based on the measurement requirements for LTE inter-frequency measurement in TS36.133.
· Option 2a: 
· For inter-RAT LTE measurement without gap requirements (case b-2), the requirements can be based on the measurement requirements for LTE inter-frequency measurement in TS36.133.
· Option 2b: 
· For inter-RAT LTE measurement without gap requirements (case b-2), LTE intra frequency measurement requirements in TS36.133 is considered as baseline. Details needs to be updated.


[bookmark: _Ref125658246]Proposal 3: RAN4 should directly discuss the UE’s behaviour for inter-RAT LTE measurement without gap instead of checking the possible reused framework.
General principle
In legacy release, the UE will perform inter-RAT LTE measurement within measurement gap pattern or NCSG pattern. Obviously, it’s unreasonable to still perform the inter-RAT LTE measurement within MG or NCSG. In last meeting, one of the most important open issues is the general principle to define UE’s behaviour for inter-RAT LTE measurement.
	Issue 2-3-3: General principle to define the requirements 
< Way forward >: 
· FFS on:
· Proposal 1: 
· RAN4 needs to further discuss where to perform the inter-RAT LTE measurement without gaps to reduce the performance degradation to legacy NR intra-frequency measurement without gap and L1-RSRP measurement.
· Both NW and UE shall have the same understanding on the measurement occasions for Inter-RAT LTE measurement without gap.


One of the possible windows is the SMTC outside gap which implies the inter-RAT LTE will be measured in parallel with other NR intra-frequency. However, the disadvantage is NW doesn’t know the dedicated SMTC to perform E-UTRAN measurement. In other words, NW doesn’t know how to schedule the data even if the scheduling restriction is defined. Furthermore, to avoid the delay extension for the SSB-based intra-frequency measurement outside gap and L1-RSRP measurement, the inter-RAT LTE measurements without gap are also expected to not be performed overlapping with any SSBs. Naturally, the inter-RAT LTE measurement without gap doesn’t need to share the measurement with any other NR frequency layers. Consequently, the inter-RAT LTE measurement without gap delay will be expedited due to no sharing factor needed. Thus, the possible measurement window for inter-RAT LTE measurement without gaps shall be outside SSB and MG. 
[bookmark: _Ref115028535][image: ]
Figure 1. The measurement RS and MG for NR and LTE
[bookmark: _Ref115039446]Proposal 4: The inter-RAT LTE measurement without gaps(case b-2) should be performed outside the SMTC/SSB to avoid the performance degradation to legacy NR intra-frequency measurement without gap and L1-RSRP measurement. 
When NW configures MG or NCSG for inter-RAT LTE measurements, the UE’s behaviour for inter-RAT measurement is defined clearly. The measurement will be performed within the scheduled measurement window, such as MGL in MG or ML in NCSG. Similar as MG and NCSG, an effective measurement window can be introduced for inter-RAT LTE measurement without gap. The UE can perform the inter-RAT LTE measurement without gaps within the effective measurement window. The measurement duration, measurement periodicity and offset with SMTC/SSB can be defined. One of the benefits to introduce such effective measurement window is both NW and UE have the common understanding on the occasions for the measurements and scheduling restriction.
[bookmark: _Ref115039451]Proposal 5: Both NW and UE shall have the same understanding on the measurement occasions for Inter-RAT LTE measurement without gap(case b-2).
[bookmark: _Ref115028542]Proposal 6: RAN4 to introduce an effective measurement window for inter-RAT LTE measurement without gap(case b-2). The effective measurement window can be defined based on measurement duration, measurement periodicity and offset.
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, UE receives NR data with SCS=30KHz and performs Inter-RAT LTE measurement can be a typical scenario to be discussed.
	Issue 2-3-4: Scheduling restriction
< Way forward >: 
FFS on : 
· Proposal 1a:  
· The existing scheduling availability specified for intra-frequency measurements in TS 38.133 section 9.2.5.3 can also be applied to the inter-RAT measurement without measurement gaps as a start point.
· Proposal 1b:  
· The existing scheduling availability specified for inter-frequency measurements without gap in TS 38.133 section 9.3.9.3 can also be applied to the inter-RAT measurement without measurement gaps or interruption.
· The existing scheduling availability specified for inter-frequency measurements without gap in TS 38.133 section 9.3.10.3 can also be applied to the inter-RAT measurement without measurement gaps but interruption.
· Proposal 2a:  
· 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
· Serving cell and target MO have mixed SCS and they are in the same band
· Proposal 2b: 
· When the target inter-RAT LTE frequency layers belong to an inter-band with the serving cells, no scheduling restriction is expected.
· When the target inter-RAT LTE frequency layers belong to an intra-band with the serving cells, scheduling restriction is expected, such as UE performing measurements in TDD bands or with different SCS.
· RAN4 to discuss how to apply the scheduling restriction based on LTE measurement RSs, such as 1 symbol before and after the CRS symbols.


When the target inter-RAT LTE frequency layers belong to an inter-band with the serving cells, no scheduling restriction is expected. However, when the target inter-RAT LTE frequency layers belong to serving cells’ intra-band, the scheduling restriction is expected. 
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 2. The LTE CRS and NR SSB structure in symbol level 
[bookmark: _Ref115028522]Proposal 7: When the target inter-RAT LTE frequency layers belong to an inter-band with the serving cells, no scheduling restriction is expected for inter-RAT LTE measurement without gap.
[bookmark: _Ref115028526]Proposal 8: When the target inter-RAT LTE frequency layers belong to an intra-band with the serving cells, scheduling restriction is expected, such as mix-numerology and simultaneousRxTxInterBandCA.
[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.
· Whether to introduce new UE capability to support inter-RAT LTE measurement and NR data reception
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 2-3-5: Searcher limitation 
< Way forward >: 
· Option 1:  
·  Inter-RAT measurement without gap 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


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 10:  Inter-RAT LTE measurement without gap(case b-2) can be performed in parallel with NR measurement without searcher limitation. 
CSSF
	Issue 2-3-6: CCSF 
< Way forward >: 
· FFS on:
· Proposal 1:  
·  The updates of CSSF requirements when these inter-RAT measurements without gap introduced (e.g. CSSF_outside_gap) is needed
· Proposal 2: 
· The scaling factor for inter-RAT LTE measurement without gap equals to the total number of frequency layers for E-UTRAN measurement without gap.


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: _Ref115028546]Proposal 11: The scaling factor for inter-RAT LTE measurement without gap(case b-2) equals to the total number of frequency layers for E-UTRAN measurement without gap.
4 Other issues
Currently, RAN4 is discussing the CRS-IM test case with inter-RAT LTE measurement in Rel-17. The additional performance degradation and longer trigger delay due to inter-RAT LTE measurement within gap will be defined. Obviously, the inter-RAT LTE measurement without gap can enhance the system performance when UE applies the CRS-IM receiver, and the trigger delay due to inter-RAT measurements can also be reduced. Thus, we suggest the group to further consider whether applying the inter-RAT LTE measurement without gap capability release independent from Rel-17.  
[bookmark: _Ref110193599]Proposal 12: RAN4 to discuss whether to introduce the inter-RAT LTE measurements without gap for DSS(case b-2) as release independent from Rel-17 after sufficient progress achieved.
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: Only following NCSG to define the UE capability for Case b-1.
Proposal 2: RAN4 to introduce a new UE capability for case b-2.
Proposal 3: RAN4 should directly discuss the UE’s behaviour for inter-RAT LTE measurement without gap instead of checking the possible reused framework.
Proposal 4: The inter-RAT LTE measurement without gaps(case b-2) should be performed outside the SMTC/SSB to avoid the performance degradation to legacy NR intra-frequency measurement without gap and L1-RSRP measurement.
Proposal 5: Both NW and UE shall have the same understanding on the measurement occasions for Inter-RAT LTE measurement without gap(case b-2).
Proposal 6: RAN4 to introduce an effective measurement window for inter-RAT LTE measurement without gap(case b-2). The effective measurement window can be defined based on measurement duration, measurement periodicity and offset.
Proposal 7: When the target inter-RAT LTE frequency layers belong to an inter-band with the serving cells, no scheduling restriction is expected for inter-RAT LTE measurement without gap.
Proposal 8: When the target inter-RAT LTE frequency layers belong to an intra-band with the serving cells, scheduling restriction is expected, such as mix-numerology and simultaneousRxTxInterBandCA.
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.
· Whether to introduce new UE capability to support inter-RAT LTE measurement and NR data reception
Proposal 10:  Inter-RAT LTE measurement without gap(case b-2) can be performed in parallel with NR measurement without searcher limitation.
Proposal 11: The scaling factor for inter-RAT LTE measurement without gap(case b-2) equals to the total number of frequency layers for E-UTRAN measurement without gap.
Proposal 12: RAN4 to discuss whether to introduce the inter-RAT LTE measurements without gap for DSS(case b-2) as release independent from Rel-17 after sufficient progress achieved.
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