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1 Introduction
In existing Rel-15/16 NR, two measurement gaps have been identified, which are per-UE and per-FR measurement gap. Then, in Rel-16 NeedForGap feature have been introduced, however, there has been no requirements in RAN4 to support this feature. Later in Rel-17 NR, three measurement gap enhancement have been considered, which are: (i) pre-configured MG pattern(s) per configured BWP (fast MG configuration), (ii) multiple concurrent and independent MG patterns, and (iii) network controlled small gap (NCSG). Now in Rel-18, further work objective to complete the requirements for measurement without gaps is given in the work item description (WID) [1] as below:
	(1) Define RRM requirements for measurement without gaps for the following cases
· Inter-RAT measurements without gaps [RAN4]
i. Inter-RAT NR measurements
ii. Inter-RAT LTE measurement


In meeting RAN4#105, the above was discussed and the open issues were captured in the WF [2]. The analysis and discussion on the open issues are provided in the next section.
2 Discussion on inter-RAT measurements without gaps
The analysis and discussion are provided in the next section. 
2.1. Discussion on UE capabilities

	Sub-topic 2-2: UE capabilities 
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 >: 
· 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
Issue 2-2-5: Additional capability to support inter-RAT measurement without gap with mixed numerology 
< Way forward >: 
· Option 1: No additional UE capability is defined for inter-RAT measurement with mixed numerology; instead it can be considered for scheduling restriction
· Option 2: a UE capability can be defined (FFS)



Issue 2-2-1: On top of which capability for case a-1
The UE capability with case a-1 is supported when the UE has a vacant RF chain available. However, interruption is needed to allow the available RF chain to switch ON and OFF (switched OFF outside the measurement occasion), hence, better power saving. Thus, the UE requires interruption for successful operation of case a-1. Besides, during the discussion of Rel-18 NeedForGap it was agreed that interruption is needed for some scenarios when the value of no-gap is configured. Therefore, it has been discussed to define a new signalling and requirements to allow the operation of no-gap with interruption scenario. Now, given that case a-1 requires interruption too, hence, RAN4 can conclude that the values defined for Rel-18 NeedForGap can be reused for case a-1.
Proposal 1: [bookmark: _Ref127526314]RAN4 shall reuse the UE reported values from Rel-18 NeedForGap for the UE capability of case a-1.

Issue 2-2-3: On top of which capability for case b-1
[bookmark: _Hlk126141640]The existing UE capability reporting for NCSG supports inter-RAT LTE measurements, which can be reused for inter-RAT gapless measurements for case b-1. However, the existing capability of NeedForGap doesn’t support inter-RAT LTE measurements, which means a new UE capability reported is needed to be defined if NeedForGap is considered. 
Observation 1: [bookmark: _Ref110807415]The existing UE reporting capability of NeedForGap does not support inter-RAT LTE measurements.
In addition, as mentioned in the discussion for issue 2-2-1 that interruption is needed for some scenarios to allow the UE to switch the available RF chain ON and OFF. Therefore, the UE should be able to indicate ‘ncsg’ and ‘nogap-noncsg’ via NeedForNCSG-InfoEUTRAN for the inter-RAT LTE measurement. However, the requirements for the UE indicating ‘ncsg’ is already specified, while the requirements for ‘nogap-noncsg’ is not specified. Therefore, the requirements for NCSG inter-RAT capability shall be completed (i.e. to define requirements for ‘nogap-noncsg’). 
Proposal 2: [bookmark: _Ref127526325]RAN4 shall reuse existing capability where the UE indicates ‘nogap-noncsg’ via NeedForNCSG-InfoEUTRAN for the inter-RAT LTE measurement.
Proposal 3: [bookmark: _Ref127526337]RAN4 shall complete the requirements for NCSG inter-RAT to cover the scenario of ‘nogap-noncsg’.

Issue 2-2-4: On top of which capability for case b-2
On one hand, case b-2 is defined where the reference signals for inter-RAT are contained within the UE’s active BWP and the UE should be able to measure these reference signals regardless of whether additional RF chain is available or not. In addition, further study is needed to decide whether interruption is needed or not. This is because although the reference signals are contained in the active BWP, yet the interruption might be needed because of the impact from frequency offset, timing synchronisation, AGC. On the other hand, NeedForNCSG-InfoEUTRAN via NCSG capability is defined on the basis that an RF chain is available at the UE. Thus, it is not feasible to reuse the NeedForNCSG-InfoEUTRAN for case b-2. Now, given that NeedForGap doesn’t have UE signalling capability to perform inter-RAT LTE measurements, hence a new signalling UE capability needs to be defined. The new capability for case b-2 should be based on static reporting rather than dynamic reporting. Therefore, RAN4 shall send an LS to RAN2 to request them to define a new UE capability after RAN4 reaches conclusion on whether interruption is needed or not.
Proposal 4: [bookmark: _Ref127526347]RAN4 shall further study whether interruption is needed for case b-2.
Proposal 5: [bookmark: _Ref127526362]RAN4 shall request RAN2 to define a new UE signalling capability for case b-2.

Issue 2-2-5: Mixed numerology
Mixed numerology is needed for inter-RAT because the typical scenario for 5G NR operation is with SCS = 30KHz, which is different than that of LTE, which is SCS = 15KHz. Thus, RAN4 discussed whether there is a need to define a UE capability for the inter-RAT mixed numerology or to define scheduling restrictions. In general, scheduling restrictions are specified in 5G NR based on the SMTC configuration, however, in LTE the scheduling restrictions doesn’t exist also the SMTC doesn’t exist either. Therefore, RAN4 can agree on specifying scheduling restrictions for inter-RAT NR measurements, yet RAN4 needs to study and specify the requirements of scheduling restrictions for inter-RAT LTE measurements. RAN4 should introduce a new UE capability to handle the mixed numerology, also, define scheduling restriction for incapable UEs.
Proposal 6: [bookmark: _Ref127526373]RAN4 shall introduce a new UE capability to handle the mixed numerology and define scheduling restrictions for mixed numerology incapable UEs.
	Sub-topic 2-3: Measurement requirements 
Issue 2-3-1: Frameworks used to define inter-RAT NR measurement without gap 
< Way forward >: 
· Option 1:  
· For the inter-RAT NR measurements without gap (case a-1), the requirements can be based on NR inter-frequency measurement without gap in TS38.133 
· Option 2:  
· RAN4 to discuss whether to follow the requirements from NR intra- and inter-frequency requirements based on NeedForGaps, or to define requirements based on the assumption that no interruption is expected.
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. 
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 E-UTRAN 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 E-UTRAN measurement without gap.


Issue 2-3-1: framework for inter-RAT NR measurement without gap: The requirements are related to the signalling agreed in issue 2-2-1. RAN4 is currently defining the requirements for rel-18 NeedForGap, which allow interruption for NeedForGap. Thus, RAN4 can use the inter-frequency requirements as baseline to define the requirements for inter-RAT NR.
Proposal 7: [bookmark: _Ref127526386]RAN4 shall use the requirements from inter-frequency Rel-18 NeedForGap as baseline to define inter-RAT NR measurement without gap.
Issue 2-3-2: framework for inter-RAT LTE measurement without gap: The requirements are related to the signalling agreed in issue 2-2-3. For the inter-RAT LTE gap-less measurement, the requirements can be based on the existing inter-RAT LTE measurement requirements in TS38.133 clause 9.4, however, the requirements for ‘nogap-noncsg’ needs to be defined.
Proposal 8: [bookmark: _Ref127526398]RAN4 can use the existing inter-RAT LTE measurement requirements in TS38.133 clause 9.4, however, the requirements for ‘nogap-noncsg’ needs to be defined.

2.2. Discussion on scheduling restriction, searcher limitation and CSSF
	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 E-UTRAN frequency layers belong to an inter-band with the serving cells, no scheduling restriction is expected.
· When the target inter-RAT E-UTRAN 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.
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
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 E-UTRAN measurement without gap equals to the total number of frequency layers for E-UTRAN measurement without gap.


Issue 2-3-4: Scheduling restriction: For scheduling restriction for inter-RAT NR measurement with interruption, the closest requirement is the inter-frequency scheduling restriction with NCSG. Therefore, RAN4 can use the existing scheduling availability specified for inter-frequency measurements without a gap in TS 38.133 section 9.3.10.3 as a baseline for the inter-RAT measurement without measurement gaps with interruption. On the other hand, regarding scheduling restrictions for inter-RAT EUTRAN, it is not clear how to define the scheduling restriction without the use of SMTC, therefore, RAN4 should study how to introduce scheduling restriction for LTE measurements. 
Proposal 9: [bookmark: _Ref127526410]For scheduling restriction for inter-RAT NR measurements, RAN4 should use the existing scheduling availability specified for inter-frequency measurements without a gap in TS 38.133 section 9.3.10.3 as a baseline for the inter-RAT measurement without measurement gaps with interruption.
Proposal 10: [bookmark: _Ref127526427]For scheduling restriction for inter-RAT LTE measurements, RAN4 should study how to introduce the scheduling restriction.
Issue 2-3-5: Searcher limitation: The closest requirements that can be taken as baseline is NCSG requirements (i.e. the CSSFwithin_ncsg), which is requirements for interruption scenario without gap. From the existing specification, the inter-RAT is already considered in the CSSF design. Hence, the searcher limitation requirements should follow that of NCSG. For inter-RAT LTE measurement in parallel with NR measurements, searcher may not be an issue, but it is not always guaranteed by UE to do parallel measurements on 2 arbitrary inter-frequencies (or RATs) while remaining data reception on its serving cells. Since this RF capability cannot be always guaranteed, we do not see the need to discuss searcher limitation in this case.
Proposal 11: [bookmark: _Ref127526438]RAN4 shall not define requirement to support Inter-RAT measurement without gap performed in parallel with NR measurement.
Issue 2-3-6: CSSF: In general, the CSSF requirements should follow the agreement of searcher limitation. Therefore, RAN4 shall decide on searcher limitation first then define the CSSF requirements. In our opinion, RAN4 should keep the same searcher limitation for NR measurement as Rel-15.
Proposal 12: [bookmark: _Ref127526448]RAN4 shall keep the same searcher limitation, from Rel-15, for NR in the CSSF requirement.

2.3. Discussion on other aspects
	Issue 2-3-7: Interruption requirements for inter-RAT measurement without gap 
< Way forward >: 
· FFS on whether interruption is allowed for inter-RAT NR measurements without MG 
Issue 2-3-8: Effective measurement window
< Way forward >: 
· FFS on whether RAN4 needs to introduce an effective measurement window for inter-RAT E-UTRAN measurement without gap. 
· Option 1: yes
· Option 2: No.
Issue 2-3-9: Release independent requirements 
< Way forward >: 
· FFS on whether to introduce the inter-RAT LTE measurements without gap case b-2 as release independent from Rel-17
· Option 1:  Ericsson, 
· RAN4 to discuss whether to introduce the inter-RAT LTE measurements without gap for DSS (case b-2) as release independent from Rel-17
· Option 1a:  MTK 
· RAN4 shall not discuss the release independent issue until sufficient progress has been achieved.


Issue 2-3-7: Interruption requirements: As mentioned earlier in this document for the issues 2-2-1, 2-2-3, 2-2-4, interruption is needed for case a-1, case b-1 and possibly for case b-2. Therefore, interruption requirements should be defined for case a-1 and b-1, while case b-2 should be for further study.
Proposal 13: [bookmark: _Ref127526464]RAN4 shall define interruption for case a-1 and case b-1, while FFS for case b-2.
Issue 2-3-8: Effective measurement window: We understand the necessity of such effective measurement window in LTW. However, more details are needed and perhaps RAN4 can introduce the name of this measurement window as SMTC-lte to align with existing requirements. 
Proposal 14: [bookmark: _Ref127526483]RAN4 shall further study in details the effective measurement window.
Issue 2-3-9: Release independent requirements: whether to support such release independent from Rel-17 depends on the defined requirement for the inter-RAT. For example, how similar or different these requirements from existing NCSG requirements. Therefore, we suggest delaying the discussion on this issue for later. Thus, we support option 1a in issue 2-3-9.
Proposal 15: [bookmark: _Ref127526492]RAN4 shall not discuss the release independent issue until sufficient progress has been achieved.

3 Summary
In this contribution, discussion on inter-RAT measurement without gaps is provided and we have the following proposals:
Proposal 1: RAN4 shall reuse the UE reported values from Rel-18 NeedForGap for the UE capability of case a-1.
Proposal 2: RAN4 shall reuse existing capability where the UE indicates ‘nogap-noncsg’ via NeedForNCSG-InfoEUTRAN for the inter-RAT LTE measurement.
Proposal 3: RAN4 shall complete the requirements for NCSG inter-RAT to cover the scenario of ‘nogap-noncsg’.
Proposal 4: RAN4 shall further study whether interruption is needed for case b-2.
Proposal 5: RAN4 shall request RAN2 to define a new UE signalling capability for case b-2.
Proposal 6: RAN4 shall introduce a new UE capability to handle the mixed numerology and define scheduling restrictions for mixed numerology incapable UEs.
Proposal 7: RAN4 shall use the requirements from inter-frequency Rel-18 NeedForGap as baseline to define inter-RAT NR measurement without gap.
Proposal 8: RAN4 can use the existing inter-RAT LTE measurement requirements in TS38.133 clause 9.4, however, the requirements for ‘nogap-noncsg’ needs to be defined.
Proposal 9: For scheduling restriction for inter-RAT NR measurements, RAN4 should use the existing scheduling availability specified for inter-frequency measurements without a gap in TS 38.133 section 9.3.10.3 as a baseline for the inter-RAT measurement without measurement gaps with interruption.
Proposal 10: For scheduling restriction for inter-RAT LTE measurements, RAN4 should study how to introduce the scheduling restriction.
Proposal 11: RAN4 shall not define requirement to support Inter-RAT measurement without gap performed in parallel with NR measurement.
Proposal 12: RAN4 shall keep the same searcher limitation, from Rel-15, for NR in the CSSF requirement.
Proposal 13: RAN4 shall define interruption for case a-1 and case b-1, while FFS for case b-2.
Proposal 14: RAN4 shall further study in details the effective measurement window.
Proposal 15: RAN4 shall not discuss the release independent issue until sufficient progress has been achieved.
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