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1	Introduction
A WF on Rel-18 MG enhancement was approved during last RAN4 meeting [1]. In this contribution, we discuss the requirements for inter-RAT measurement without gaps of the WI NR_MG_enh2.
2 Discussion
	Issue 2-1-1: power imbalance between LTE neighbouring cell and NR serving cell for case b-2
· Proposals
· Option 1: 6dB restriction.
· Option 2: No restriction.
· Option 2a: No restriction in the requirements. In the test case, the power difference between the NR serving cell and LTE target cell is no larger than 3dB.


For case b-2 when LTE CRS is fully contained within UE’s active BWP, it is proposed to introduce power restriction between LTE neighbor cell and NR serving cell. No power restriction is considered for legacy NR inter-frequency without gap. Inter-RAT LTE measurement case b-2 is similar as inter-frequency without gap, and we don’t think such restriction is necessary.
Proposal 1: Not consider restriction on the power imbalance between LTE neighbouring cell and NR serving cell.
	Issue 2-3-1: searcher limitation
· Proposals
· 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.

	Mintra,i,j: Number of intra-frequency measurement objects, including both SSB, CSI-RS based and RSSI/CO measurements, which are candidates to be measured in gap j where the measurement object i is also a candidate. Otherwise Mintra,i,j  equals 0.
-	Minter,i,j : Number of NR inter-frequency layers including both SSB and CSI-RS based, EUTRA inter-RAT and UTRA inter-RAT frequency layers, up to one positioning frequency layer, RSSI/CO measurements, which are candidates to be measured in gap j where the measurement object i is also a candidate. Otherwise Minter,i,j  equals 0.
-	A measurement object i in Mintra,i,j and in Minter,i,j is counted twice if the measurement object is configured with both RMTC and SMTC which are candidates to be measured in gap j where the measurement object i is also a candidate
-	Mtot,i,j = Mintra,i,j + Minter,i,j : Total number of intra-frequency, inter-frequency and inter-RAT frequncy layers and up to one NR PRS measurement on any one positioning frequency layer, which are candidates to be measured in gap j where the measurement object i is also a candidate. Otherwise Mtot,i,j equals 0.
For each measurement gap j used for a long-periodicity measurement defined above, Mintra,i,j = Minter,i,j = Mtot,i,j =0. The carrier specific scaling factor CSSFwithin_gap,i is given by:
	If measGapSharingScheme is equal sharing, CSSFwithin_gap,i= max(ceil(Ri×Mtot,i,j)), where j=0…(160/MGRP)-1
	If measGapSharingScheme is not equal sharing and
-	measurement object i is an intra-frequency measurement object, CSSFwithin_gap,i is the maximum among
-	ceil(Ri×Kintra×Mintra,i,j) in gaps where Minter,i,j≠0, where j=0…(160/MGRP)-1
-	ceil(Ri×Mintra,i,j) in gaps where Minter,i,j=0, where j=0…(160/MGRP)-1
-	measurement object i is an inter-frequency or inter-RAT measurement object or NR PRS measurement on any one positioning frequency layer, CSSFwithin_gap,i is the maximum among
-	ceil(Ri×Kinter×Minter,i,j) in gaps where Mintra,i,j ≠0, where j=0…(160/MGRP)-1
-	ceil(Ri×Minter,i,j) in gaps where Mintra,i,j=0, where j=0…(160/MGRP)-1 
	Where Ri is the maximal ratio of the number of measurement gap where measurement object i is a candidate to be measured over the number of measurement gap where measurement object i is a candidate and not used for a long-periodicity measurement defined above.


Based on the current TS 38.133 spec, inter-RAT LTE measurement and NR measurements are performed in a sequential way even within MG or NCSG, which could be inferred from CSSF as excerpted above. To perform inter-RAT LTE measurement and NR measurements in parallel, an additional searcher is required. And UE implementation complexity will be further increased for inter-RAT LTE measurement without gap since the serving cell data transmission is expected to be maintained at the same time. Therefore, performing inter-RAT LTE measurement and NR measurements in parallel without searcher limitation should not be supported for us.
Proposal 2: Performing inter-RAT LTE measurement and NR measurements in parallel without searcher limitation is NOT supported.
	Issue 2-4-1: Overlap between Effective measurement window and SMTC/SSB
· Proposals
· Option 1: when EMW is configured overlapped with SMTC or SSB, SMTC/SSB will be dropped by the UE. 
· Option 2: when EMW is configured overlapped with SMTC/SSB/CSI-RS measurement, inter-RAT LTE meas will be dropped


There will be three different overlapping cases between EMW and NR measurements. The first one is when EVM is overlapped with SSB L3 measurement within gaps. In fact, this case is the collision between EVM and measurement gaps. The inter-RAT LTE measurement in our view is similar as intra-frequency or inter-frequency SSB measurements without gap and the same principle could be considered. Apply CSSF outside gap when EMW is non-overlapped or partially overlapped with gaps. And apply CSSF within gaps when EMW is fully overlapped with gaps. And the existing Kp could be reused by replacing SMTC period with EMW period.
Proposal 3: For the overlap between EMW for inter-RAT LTE and measurement gaps:
· When EMW is non-overlapped with measurement gaps, apply CSSF outside gap and Kp=1.
· When EMW is partial overlapped with measurement gaps, apply CSSF outside gap and Kp= 1/(1- (EMW period /MGRP)).
· When EMW is fully overlapped with measurement gaps, apply CSSF within gap and Kp=1.
The second case is when EVM is overlapped with SSB L3 measurement without gaps. Since both inter-RAT LTE and NR L3 measurement are expected to be measurement outside gaps, CSSF outside gap could be used to handle the overlapping issue. For example, CSSF outside gap will be 2 to double scale the measurement period when one inter-RAT LTE MO and one NR L3 measurement MO are overlapped with each other. 
Proposal 4: CSSF outside gap can handle the overlap between EMW for inter-RAT LTE and NR L3 measurement without gap.
The last one is the overlapping issue between EMW and NR L1 measurement such as RLM/BFD/CBD. Option 2 to drop inter-RAT LTE measurement is preferred by us since RLM/BFD/CBD procedure is more important for maintaining the connection with NR serving cell.
Proposal 5: When EMW overlapped with SMTC/SSB/CSI-RS measurement for L1 measurement, inter-RAT LTE measurement should be dropped.
	Issue 2-4-2: Effective measurement window Configuration
· Proposals
· Option 1: 
Table 1: Effective measurement window configuration and minimum available time
	Effective measurement window (EMW) Id
	Measurement Duration (MD, ms)
	Measurement Period
(MP, ms)
	Minimum available time for inter-RAT LTE measurements during 480 ms period
(Tinter1, ms)

	0
	5
	40
	60

	1
	5
	80
	30


· Option 2: RAN4 to additionally introduce the effective measurement window duration 2ms with periodicity 40ms, 80ms.
· Option 3: 20ms periodicity should be considered for effective measurement window and 2ms duration should be considered for effective measurement window.
· Option 4: 
Table 1: Minimum available time for inter-RAT measurements when effective measurement window is configured
	EMW Pattern Id
	EMW Length (EMWL, ms)
	EMW Repetition Period
(EMWRP, ms)
	Minimum available time for inter-RAT measurements during 480 ms period
(TinterEMW, ms)

	0
	6
	40
	60

	1
	6
	80
	30

	2
	3
	40
	24Note 1

	3
	3
	80
	12Note 1

	4
	4
	40
	36 Note 1

	5
	4
	80
	18Note 1

	NOTE 1:	When determining UE requirements using TinterEMW for pattern IDs 2, 3, 4, 5, TinterEMW = 60 for pattern IDs 2, 4, and TinterEMW = 30 for pattern IDs 3 and 5 shall be used.





The effective measurement window will include offset, duration and periodicity, and the values for each parameter are still open. As for the values of duration and periodicity, we think the ML and VIRP for NCSG can be reused respectively. The VIRP for NCSG used for inter-RAT LTE measurement could be {20ms, 40ms, 80ms}. 20ms periodicity should also be included to accelerate the measurement. And the ML for NCSG used for inter-RAT LTE measurement could be {2ms, 3ms, 5ms}. We think at least 2ms duration should be considered to reduce the symbols with scheduling restrictions.
Proposal 6: 20ms periodicity and 2ms duration should be considered for effective measurement window.
	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


Regarding the scaling factor for case a-1, Nfreq can be updated to cover the new inter-RAT NR measurement without gap. Option 1 is quite generic and can be agreed firstly. For option 2, it is not necessary to separate inter-RAT NR no gap with interruption and without interruption, as least when defining scaling factor. Option 3 to count the number of inter-frequency and inter-RAT carrier is fine, and the details can be discussed in the draft CR.
Proposal 7: For case a-1, update Nfreq by considering both the number for inter-frequency carriers and inter-RAT NR carrier no measurement gap.
	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


Option 2 is deprioritized since separating inter-RAT LTE case b-1 and case b-2 is not desirable for us. Option 1 and option 3 are similar, and the main difference is that option 1 counts the number of inter-RAT LTE MOs while option 3 counts the number of inter-RAT carriers. Based on the current CSSF outside specified in TS 38.133 clause 9.1.5, we understand that the basic assumption is one searcher dedicated for PCC and one searcher shared among multiple SCC and inter-frequency measurement without gap. And the number of inter-frequency MOs without gap are counted. Inter-RAT LTE measurement without gap should follow the same method as inter-frequency without gap, and we prefer option 1 to additional include the number of inter-RAT LTE MOs.
Proposal 8: For case b-1 and case b-2, update CSSFinterRAT=CSSFoutside_gap to additional include the number of inter-RAT LTE MOs without gap.
3 Conclusion
This contribution provided the following proposals:
Proposal 1: Not consider restriction on the power imbalance between LTE neighbouring cell and NR serving cell.
Proposal 2: Performing inter-RAT LTE measurement and NR measurements in parallel without searcher limitation is NOT supported.
Proposal 3: For the overlap between EMW for inter-RAT LTE and measurement gaps:
· When EMW is non-overlapped with measurement gaps, apply CSSF outside gap and Kp=1.
· When EMW is partial overlapped with measurement gaps, apply CSSF outside gap and Kp= 1/(1- (EMW period /MGRP)).
· When EMW is fully overlapped with measurement gaps, apply CSSF within gap and Kp=1.
Proposal 4: CSSF outside gap can handle the overlap between EMW for inter-RAT LTE and NR L3 measurement without gap.
Proposal 5: When EMW overlapped with SMTC/SSB/CSI-RS measurement for L1 measurement, inter-RAT LTE measurement should be dropped.
Proposal 6: 20ms periodicity and 2ms duration should be considered for effective measurement window.
Proposal 7: For case a-1, update Nfreq by considering both the number for inter-frequency carriers and inter-RAT NR carrier no measurement gap.
Proposal 8: For case b-1 and case b-2, update CSSFinterRAT=CSSFoutside_gap to additional include the number of inter-RAT LTE MOs without gap.
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