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Introduction
Inter-RAT measurement without MG are discussed in RAN4#104-bis-e, and the outcomes are captured in [1]. Based on [1], the following issues need to be further discussed.
· Scenarios 
· UE capabilities
· Measurement requirements
In this paper we will provide our views on inter-RAT measurement without MG.
Discussion
Scenarios 
In [1] the scenarios for inter-RAT measurement without MG are summarized as following 4 cases.
	a. the inter-RAT NR measurements without gap in Rel18 includes the two scenarios below.
· Case a-1: UE performing the measurements without gap in NR carriers as there is vacant RF chains for UE measurements
· Case a-2: NR reference signal to be measured are fully contained within UE’s LTE channel bandwidth 
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 


Inter-RAT NR target scenario
	Issue 2-1-3: inter-RAT NR target scenario 
< Way forward/Agreement >: 
· Case a-1 (Another spare RF chain is available for UE) can be considered as the inter-RAT NR target scenario.  
· FFS on Case a-2


We support to focus Case a-1 and de-prioritize Case a-2. 
We do not see the need to define separate UE capability for Case a-2. This is different from Case b-2 because in Rel-17 RAN4 has introduced CRS-IM as demod enhancement in NR, which relies on inter-RAT LTE measurement on LTE carrier within NR channel BW, so it is meaningful to consider support of Case 2-b as a separate capability. However, we do not have such demod enhancement in LTE side, and the need to support Case a-2 (inter-RAT NR measurement on NR carrier within LTE channel BW) with a separate capability is not clear. 
It is noted this does not mean Case a-2 is not supported, but instead Case a-2 can be covered by Case a-1, e.g. UE could report it can perform measurement on Band n1 when it has a serving cell in Band 1, and in this case,  NW does not need to configure a MG for UE to measure inter-RAT NR carriers in Band n1, no matter if the inter-RAT NR carrier is within the channel BW of LTE serving cell in Band 1 or not.
Proposal 1: RAN4 to de-prioritize Case a-2 as a dedicated scenario for inter-RAT NR measurement. 
Inter-RAT LTE target scenario
	Issue 2-1-4: inter-RAT LTE target scenario 
< Way forward/Agreement >: 
· Case b-2(The target CRS to be measured is with UE’s active BWP) shall be considered as the inter-RAT LTE scenario under objective 2 of NR_MG_ehn2-core WI 
· FFS on Case b-1



We support to consider Case b-1 in Rel-18. 
As discussed in section 2.1.1, Case b-2 is a specific scenario to enable better working of the Rel-17 CRS-IM feature. Technically, Case b-1 is a more generic and more important scenario. The reason we did not support Case b-1 in this WI is that it was agreed in RAN4#104 to define requirements for that case in Rel-17 as part of NCSG work (when UE reports ‘nogap-noncsg’). However, considering it is already quite late for Rel-17 and there are still some technical issues to be resolved, it may be better to define requirements for that case in Rel-18.
Proposal 2: Define requirements for Case b-1 in Rel-18.
Extension to MR-DC
	Issue 2-1-1: extend to MR-DC cases 
< Way forward/Agreement >: 
· Define capability and/or requirements to support inter-RAT NR measurement without gap case a-1 in SA only if case a-1 is agreed as one of inter-RAT NR target scenario (issue 2-1-3)
· Define capability and/or requirements to support inter-RAT E-UTRAN measurement without gap case b-1 in SA only if case b-1 is agreed as one of inter-RAT LTE target scenario (issue 2-1-4)
· Define capability and/or requirements to support inter-RAT NR measurement without gap case a-2 in SA if case a-2 shall be considered in as one of inter-RAT NR target scenario (issue 2-1-3).
· FFS on MR-DC
· Define capability and/or requirements to inter-RAT E-UTRAN measurement without gap case b-2 in SA if case b-2 is agreed as one of inter-RAT LTE target scenario (issue 2-1-4)
· FFS on MR-DC


We support to prioritize SA for all scenarios. In our view, LTE SA and NR SA are most typical scenario for inter-RAT measurement. Also, supporting MR-DC scenario would require additional work in RAN2.
Proposal 3: De-prioritize MR-DC for inter-RAT measurements without MG.
Numerology
	Issue 2-1-2 Numerology  
< Agreement >: 
· For inter-RAT measurement without MG, including both inter-RAT NR measurement and inter-RAT LTE measurement, the mixed numerology needs to be supported.
· FFS on whether the additional UE capability is needed 


Mixed numerology is quite typical scenario for inter-RAT measurement, so we do not think additional UE capability is needed for the measurement itself. Instead, additional UE capability may be considered for scheduling restriction, e.g. when LTE and NR are deployed on the same carrier with different SCS, UE may cause scheduling restriction during inter-RAT measurement, which is similar to scheduling restriction due to intra-frequency measurement with mixed numerology as defined in cl. 9.2.5.3.
Proposal 4: No additional UE capability is defined for inter-RAT measurement with mixed numerology; instead it can be considered for scheduling restriction.
UE capabilities
Case a-1
	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)
< Way forward/Agreement >: 
· On top of “interRAT-NeedForGapsNR-r16” UE capability to support the inter-RAT NR measurement without gap when UE has vacant RF chain available (Case a-1)
· The exact value to be reported can be FFS.
· FFS on top of NCSG to support the inter-RAT NR measurement without gap when UE has vacant RF chain available (Case a-1)


We support to define requirements for Case a-1 based on interRAT-NeedForGapsNR-r16. The signalling is defined in 36.331 as part of UE capability. UE can report for each supported band combination whether it needs MG to measure each supported NR target band, and it would report ‘false’ when MG is not needed. The signalling was defined in Rel-16, and the requirements are missing. 
We do not support to define requirements for Case a-1 based on NCSG capability. Technically, UE can report its measurement capability with PerCC-GapIndication, and since the IE is included in RRCConnectionReconfigurationComplete, we assume it is the capability based on current serving cell band combination and configured MOs. In this sense, the existing capability can already work for inter-RAT NR measurement. 
RRCConnectionReconfigurationComplete-v1430-IEs ::= SEQUENCE {
	perCC-GapIndicationList-r14			PerCC-GapIndicationList-r14		OPTIONAL,
	numFreqEffective-r14				INTEGER (1..12)					OPTIONAL,
	numFreqEffectiveReduced-r14			INTEGER (1..12)					OPTIONAL,
	nonCriticalExtension				RRCConnectionReconfigurationComplete-v1510-IEs						OPTIONAL
}
… …
PerCC-GapIndicationList-r14 ::=	SEQUENCE (SIZE (1..maxServCell-r13)) OF PerCC-GapIndication-r14

PerCC-GapIndication-r14 ::=			SEQUENCE {
	servCellId-r14								ServCellIndex-r13,		
	gapIndication-r14							ENUMERATED {gap, ncsg, nogap-noNcsg}
}
[bookmark: _Hlk117676380]However, the UE capability reporting is part of per-CC gap which means both NW and UE need to support per-CC gap first. Also, with NCSG RAN4 needs to discuss requirements for both cases where UE reports ‘ncsg’ and ‘nogap-noNcsg’, which would increase standardization efforts. On the other hand, it is not clear to us what the motivation is to support the same function (inter-RAT NR measurement without MG) with two different UE capabilities. In our view, such fragmentation should be avoided as much as possible. In particular, LTE NCSG is a Rel-14 feature, and we do not think it is likely for NW and UE to further enhance it for inter-RAT NR measurement considering that Rel-16 signaling interRAT-NeedForGapsNR-r16 can achieve the same goal.
Proposal 5: Case a-1 is supported based on UE capability interRAT-NeedForGapsNR-r16.
Case a-2
	Issue 2-2-2: On top of which UE capability to support the inter-RAT NR measurement without gap when the measurement reference signal can be contained within UE’s LTE channel bandwidth (Case a-2)
< Way forward >: 
· FFS on: 
· On top of “interRAT-NeedForGapsNR-r16” UE capability to support the inter-RAT NR measurement without gap when the measurement reference signal can be contained within UE’s LTE channel bandwidth (Case a-2)


As discussed in section 2.1.1, we suggest to consider Case a-2 as part of Case a-1 rather than a dedicated scenario, so Case a-2 should also be supported based on interRAT-NeedForGapsNR-r16.
Proposal 6: Case a-2 is supported based on UE capability interRAT-NeedForGapsNR-r16.
Case b-1
	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/Agreement >: 
· Reuse the existing capability. 
· UE indicates ‘nogap-noncsg’ via NeedForNCSG-InfoEUTRAN for the inter-RAT LTE measurement
· FFS on: UE indicates via NeedForGap.


We do not support to consider NeedForGap to support Case b-1. The reason is that the case can be already supported via needForGapNCSG-InfoEUTRA-r17, and the motivation is to support the same function (inter-RAT LTE measurement without MG) with two different UE capabilities is unclear and will cause fragmentation. In addition, the existing NeedForGap signalling does not support inter-RAT LTE measurement, and signalling change would be needed in RAN2. 
Proposal 7: Case b-1 is supported based on UE capability needForGapNCSG-InfoEUTRA-r17.
Case b-2
	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 1:  
· the capability of NeedForGaps for inter-frequency measurement wo gap in Rel16 can be taken as the baseline
· Option 1a:  
· extend the capability of NeedForGaps
· Option 2: 
· A new UE capability should be defined to indicate whether UE supports MG-less measurement in this scenario


As discussed in section 2.1.1, we understand Case b-2 is a special optimization to aim Rel-17 CRS-IM to work with better efficiency. As such, it can be considered as a dedicated scenario than Case b-1, and a new UE capability should be defined. Technically, UE may also need additional RF resource as in Case b-1. The relation between the new capability for Case b-2 and needForGapNCSG-InfoEUTRA-r17 for Case b-1 is similar to inter-frequency without gap based on SSB within BWP and NeedForGap/NeedForGapNCSG.
Proposal 8: Case b-2 is supported based on a new UE capability.
Measurement requirements
	Issue 2-3-1: General principle to define the requirements 
< Way forward >: 
· FFS on the general principle to define the requirements for inter-RAT NR measurements 
· Proposal 1: 
· For the inter-RAT NR measurements without gap, the  requirements frameworks can be based on NR inter-frequency measurement without gap 
· Others are not precluded
· FFS on the general principle to define the requirements for inter-RAT LTE measurements 
· Proposal 2: 
· For the inter-RAT LTE gap-less measurement when LTE CRS to be measured is contained in UE’s active BWP, the requirements can be based on the measurement requirements for LTE inter-frequency measurement.
· Proposal 3: Ericsson
· 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.
· Others are not precluded


Inter-RAT NR measurement 
	Issue 2-3-5: Interruption requirements for inter-RAT measurement without gap 
< Way forward >: 
· FFS on whether interruption is allowed for inter-RAT NR measurements without MG 


As discussed in section 2.2.1, we suggest to use UE capability interRAT-NeedForGapsNR-r16 to support Case a-1 (and also Case a-2). RAN4 is in parallel discussing the requirements for NeedForGap for NR intra- and inter-frequency measurement, and the requirements would depend on whether interruption is allowed. We suggest RAN4 to first 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 (same assumption as LTE intra- and inter-frequency requirements with NeedForGaps).
Proposal 9: 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.
Inter-RAT LTE measurement 
The requirement can be similar for Case b-1 and b-2 because in both cases no interruption is needed. The LTE inter-frequency requirements without gaps can be used as baseline, e.g. the following from 36.133 can be re-used. 
A UE that is capable of identifying and measuring inter-frequency and/or inter-RAT cells without gaps shall follow requirements as if Gap Pattern Id #0 had been used and the minimum available time Tinter1 of 60 ms shall be assumed for the corresponding requirements.
In last meeting, some companies suggest that UE can do parallel measurement for LTE and NR MOs and as such the CSSF for inter-RAT LTE measurement would equal to the number of LTE MOs. We do not support this assumption. In our view, LTE and NR measurements could share the same memory and computation resources, so even LTE measurement can be taken outside SMTC window for NR measurement, it does not mean LTE measurement will have no impact on NR measurement or they can be done in parallel. 
	Issue 2-3-3: Searcher limitation 
< Way forward >: 
· FFS on the searcher limitation 
· Proposal 1:  
· Inter-RAT measurement without gap can be performed in parallel with NR measurement without searcher limitation.
· Others are not precluded
Issue 2-3-4: CCSF 
< Way forward >: 
· The updates of CSSF requirements when these inter-RAT measurements without gap introduced (e.g. CSSF_outside_gap) is needed
· FFS on: 
· 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.


When RAN4 defined requirements for inter-frequency without gap in Rel-16, CSSF outside MG is defined as the total number of intra- and inter-frequency MOs to be measured outside MG. Following the same principle, when inter-RAT LTE measurement is considered, the CSSF should be further updated by considering all MOs to be measured outside MG.
Proposal 10: The requirements for LTE inter-frequency requirements without MG can be used as baseline for inter-RAT LTE measurement. 
Proposal 11: For inter-RAT LTE measurement, CSSF outside MG should be updated as the total number of carriers to be measured outside MG including intra-frequency, inter-frequency and inter-RAT carriers.
Scheduling restriction
	Issue 2-3-2: Scheduling restriction 
< Way forward >: 
· FFS on the scheduling restriction 
· Proposal 1:  
·  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 2: 
· 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 inter-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.
· Others are not precluded
Issue 2-3-6: Effective measurement window
< Way forward >: 
· FFS on:  
· RAN4 needs to introduce an effective measurement window for inter-RAT E-UTRAN measurement without gap. 
· The effective measurement window can be defined based on measurement duration, measurement periodicity and offset.
· Others are not precluded


For inter-RAT measurement, as discussed in section 2.3.1, the requirements including scheduling restriction can be re-used from NeedForGap requirements for NR inter-frequency, so in this section we will focus on inter-RAT LTE measurement. 
RAN4 needs to first discuss when scheduling restriction are allowed and we think the Rel-17 NCSG scheduling restriction can be used as baseline, except for the case where UE does not support IBM on the serving cell and target band because Rx beam is not applicable for LTE measurement.
RAN4 also needs to discuss where the scheduling restriction is located. Unlike NR measurement which is based on SMTC, LTE measurement can be taken any time, and in order to regulate the scheduling restriction location, we think it is meaningful to define effective measurement window. The periodicity and duration of the window can be based on measurement requirements e.g. 40ms period and 6ms duration if inter-RAT LTE requirements are to be defined based on gap pattern 0. The open part is the offset of the window, and we think it can be either fixed in the spec or configured by the NW. 
Proposal 12: 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 13: Define effective measurement window to regulate the location of scheduling restriction due to inter-RAT LTE measurement.
Conclusions
In this paper we provided our views on inter-RAT measurement without MG.
Proposal 1: RAN4 to de-prioritize Case a-2 as a dedicated scenario for inter-RAT NR measurement. 
Proposal 2: Define requirements for Case b-1 in Rel-18.
Proposal 3: De-prioritize MR-DC for inter-RAT measurements without MG.
Proposal 4: No additional UE capability is defined for inter-RAT measurement with mixed numerology; instead it can be considered for scheduling restriction.
Proposal 5: Case a-1 is supported based on UE capability interRAT-NeedForGapsNR-r16.
Proposal 6: Case a-2 is supported based on UE capability interRAT-NeedForGapsNR-r16.
Proposal 7: Case b-1 is supported based on UE capability needForGapNCSG-InfoEUTRA-r17.
Proposal 8: Case b-2 is supported based on a new UE capability.
Proposal 9: 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.
Proposal 10: The requirements for LTE inter-frequency requirements without MG can be used as baseline for inter-RAT LTE measurement. 
Proposal 11: For inter-RAT LTE measurement, CSSF outside MG should be updated as the total number of carriers to be measured outside MG including intra-frequency, inter-frequency and inter-RAT carriers.
Proposal 12: 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 13: Define effective measurement window to regulate the location of scheduling restriction due to inter-RAT LTE measurement.
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