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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].
2 Discussion
2.1 Inter-RAT LTE measurement
	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)
< Way forward>: 
· A new per-UE capability to support Case b-2 should be defined.
· FFS on indication of “no gap with interruption” because of AGC,T/F offset issue

	A measurement is defined as an inter-frequency SSB based measurements without measurement gaps (either legacy measurement gap or NCSG) for UE capable of interFrequencyMeas-NoGap provided
-	the UE supports interFrequencyMeas-Nogap-r16 [15], and
-	the SSB is completely contained in the active BWP of the UE.
interFrequencyMeas-NoGap-r16
Indicates whether the UE can perform inter-frequency SSB based measurements without measurement gaps if the SSB is completely contained in the active BWP of the UE as specified in TS 38.133 [5]. If this parameter is indicated for FR1 and FR2 differently, each indication corresponds to the frequency range of cells to be measured.


In our understanding, inter-RAT LTE measurement case b-2 when the LTE CRS is contained with active BWP is similar to the inter-frequency SSB measurement. As shown above, the capability interFrequencyMeas-Nogap-r16 is to indicate whether UE could perform inter-frequency SSB based measurement without gaps if the target SSB is completely contained in the active BWP of the UE. Similarly, introduce per-UE capability for case b-2 can be supported.
Proposal 1: Introduce a new per-UE capability to support case b-2, similar as interFrequencyMeas-Nogap-r16 for inter-frequency SSB based measurement.
As for the further indication of “no gap with interruption”, we don’t think it is necessary. Firstly, we think AGC issue may not exist since the target LTE CRS is within active BWP in case b-2. Referring to inter-frequency SSB measurement without gap when the target SSB is completely contained within the active BWP, no additional interruption is considered. Even if AGC issue exists, the better solution in our understanding is to introduce more samples for AGC rather than interruptions. For example, 3 additional samples are defined for SSB based inter-frequency measurement with gap compared with that the measurement without gap. 
Proposal 2: AGC issue can be handled by introducing additional samples.
	The UE is not expected to transmit PUCCH/PUSCH/SRS on the union of restricted serving cell symbols due to measurement of all MOs, where the restricted serving cell symbols due to measurement of MO i include 
-	serving cell symbols fully or partially overlap with SSB symbols to be measured on MO i, and △t serving cell symbol before each consecutive SSB symbols to be measured and RSSI measurement symbols, and △t serving cell symbol after each consecutive SSB symbols to be measured and RSSI measurement symbols within SMTC window duration, if deriveSSB-IndexFromCellInter-r17 is enabled for MO i, [and the alignment enabling conditions are satisfied.] △t is defined as the minimum integer number of symbols with total duration no smaller than the tolerance specified in clause 7.9.
-	serving cell symbols fully or partially overlap with SMTC window for MO i and on 1 serving cell symbol before and after the SMTC window, if deriveSSB-IndexFromCellInter-r17 is not enabled for MO i, [or the alignment enabling conditions are not satisfied].

	Issue 2-5-1: Scheduling restriction for inter-RAT NR measurements 
< Agreement >: 
· The existing scheduling restriction requirements in clause 9.3.10.3 can be taken as baseline for the inter-RAT NR measurement without measurement gaps 
· With this agreed baseline, companies can provide the more detail proposals on how to define the scheduling restriction in the next meeting


Then for timing offset issue, the above scheduling restrictions when deriveSSB-IndexFromCellInter-r17 is not enabled can be used as the starting point. The number of serving cell symbols to be restricted can be further discussed considering the timing offset between LTE and NR cells. Considering that measurement window for inter-RAT LTE is still under discussion in issue 2-4-9, the scheduling restrictions can be defined directly around the LTE CRS resources if measurement window is not introduced. And it is agreed in the last meeting that the existing scheduling restriction requirements in clause 9.3.10.3 can be taken as baseline. So, there is no need to consider interruption due to timing offset issue. 
Proposal 3: Timing offset issue can be handled by scheduling restrictions, e.g. the restricted serving cell symbols includes K symbols before and after the effective measurement window or LTE CRS resources.
	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.
Issue 2-6-1: Interruption requirements for inter-RAT measurement without gap 
< Way forward/Agreement >: 
· Option 1: interruption requirements can be defined for case a-1 and case b-1, 
· Option 1a: interruption requirements can be defined for case a-1 and case b-1, FFS for case b-2
· Option 1b: Interruption requirements can be defined for inter-RAT NR measurements without gap(case a-1)


[bookmark: _GoBack]As shown above, it was agreed to reuse legacy capability NeedForNCSG-InfoEUTRA-r17 to support inter-RAT LTE measurement case b-1. If interruption is required, UE will report “ncsg” and interruption is allowed within VIL of the configured NCSG. When “nogap-noncsg” is reported, no interruption is needed. When the target LTE CRS is contained within active BWP in case b-2, the main concern of defining no interruption is AGC and T/F offset issues. As aforementioned proposal 2 and proposal 3, AGC and timing offset issues can be handled by other solutions rather than introducing interruption. And we think the impact of frequency offset issue is quite limited since there is frequency offset between serving cell and neighbor cells for inter-frequency SSB measurement but no interruption is allowed.
Proposal 4: No interruption requirement should be defined for inter-RAT LTE case b-1 and case b-2.
	Issue 2-3-2: Searcher limitation 
< Way forward/Agreement >: 
· 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 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 5: Performing inter-RAT LTE measurement and NR measurements in parallel without searcher limitation is NOT supported.
	Issue 2-4-9: Effiective measurement window
< Way forward >: 
· Option 1:  vivo, MTK, Huawei, Ericsson
· RAN4 to introduce an effective measurement window for inter-RAT E-UTRAN measurement without gap. 
· Option 1a:  Ericsson
· The effective measurement window can be defined based on measurement duration, measurement periodicity and offset.
· Option 1b: MTK
· FFS on the overlap between NR SMTC and LTE SMTC-lte (i.e. the effective measurement window).


Unlike the NR SSB concentrated within time window such as SMTC, LTE CRS could be transmitted in each slot. Without a specific measurement window, UE may perform inter-RAT LTE measurement at any time, and the interruption and scheduling restrictions will be out of network’s control. Therefore, it is desirable to introduce the effective measurement window, including offset, duration and periodicity. As for the values of duration and periodicity, we think the ML and VIRP for NCSG can be reused respectively.
Proposal 6: Introduce the effective measurement window for inter-RAT LTE measurement, including offset, duration and periodicity. 
· The ML for NCSG can be reused as the duration for effective measurement window
· The VIRP for NCSG can be reused as the periodicity for effective measurement window

	Issue 2-4-4: Measurement period requirements for case b-1 no gap but interruption allowed
< Agreement >: 
· The existing requirements in TS38.133 9.4.2&9.4.3 can be reused for for case b-1 when no gap but interruption allowed
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 2-4-6: Measurement period requirements for case b-2 no gap but interruption allowed
< Way forward/Agreement >: 
· FFS on Measurement period requirements for case b-2 when no gap but interruption allowed
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


If the effective measurement window in proposal 3 is agreeable, a unified measurement delay requirement for both case b-1 and case b-2 can be derived based on the periodicity of measurement window. And we agree to use the formula  captured in the WF as a starting point. Naturally,  should be updated by replacing MGRP or VIRP with the periodicity of effective measurement window. 
Proposal 7: For both case b-1 and case b-2 without DRX, the delay requirements could be based on , and  should be updated by replacing MGRP or VIRP with the periodicity of effective measurement window.
Besides, the current TS38.133 spec also defined inter-RAT LTE measurement with DRX as illustrated by Table 9.4.2.3-1 below. It can be observed that different numbers of DRX cycles are considered with respective to different MGRP or VIRP. Similarly, the numbers of DRX cycles need to be updated considering the newly introduced effective measurement window. 
Proposal 8: For both case b-1 and case b-2 with DRX, use the delay requirements within MG as the baseline and FFS whether and how to update the numbers of DRX cycles considering the newly introduced effective measurement window.
Table 9.4.2.3-1: Requirement to identify a newly detectable E-UTRAN FDD cell
	DRX cycle length (s)
	TIdentify, E-UTRAN FDD (s) (DRX cycles)

	
	Gap/NCSG period = 40 ms, 20 ms
	Gap/NCSG period = 80 ms

	≤0.16
	Non-DRX requirements in clause 9.4.2.2 apply
	Non-DRX requirements in clause 9.4.2.2 apply

	0.256
	5.12* CSSFinterRAT x Ceil(Kgap_EUTRA) (20*CSSFinterRAT x Ceil(Kgap_EUTRA))
	7.68* CSSFinterRAT x Ceil(Kgap_EUTRA) (30*CSSFinterRAT x Ceil(Kgap_EUTRA))

	0.32
	6.4* CSSFinterRAT x Ceil(Kgap_EUTRA) (20*CSSFinterRAT x Ceil(Kgap_EUTRA))
	7.68* CSSFinterRAT x Ceil(Kgap_EUTRA) (24*CSSFinterRAT x Ceil(Kgap_EUTRA))

	0.32< DRX-cycle ≤10.24
	Note1 (20*CSSFinterRAT x Ceil(Kgap_EUTRA))
	Note1 (20*CSSFinterRAT x Ceil(Kgap_EUTRA))

	NOTE 1:	The time depends on the DRX cycle length.
NOTE 2:	CSSFinterRAT is as defined in clause 9.4.2.2.
NOTE 3:	Kgap_EUTRA is only applicable for a UE supporting concurrent measurement gaps. Otherwise Kgap_EUTRA =1
NOTE 4:	If multiple concurrent gaps are configured, the gap period is the periodicity of the MG pattern associated to the E-UTRA inter-RAT frequency layer.



2.2 Inter-RAT NR measurement
	Issue 2-6-1: Interruption requirements for inter-RAT measurement without gap 
< Way forward/Agreement >: 
· Option 1: interruption requirements can be defined for case a-1 and case b-1, 
· Option 1a: interruption requirements can be defined for case a-1 and case b-1, FFS for case b-2
· Option 1b: Interruption requirements can be defined for inter-RAT NR measurements without gap (case a-1)


In our understanding, inter-RAT NR measurement with vacant RF chain (case a-1) is similar as NCSG. UE will turn on the vacant RF chain and then perform inter-RAT NR measurement in parallel with LTE data transmission. Interruption requirements should be defined and the VIL=1ms for LTE NCSG can be considered as the interruption length. As for the interruption location or ratio, we think defining specific location is helpful for network scheduling. However, the similar issue has been discussed for intra-/inter-frequency measurement without gaps when UE reporting NeedForGapsInfoNR, and interruption ratio without location is finally agreed in the last meeting.
Proposal 9: Define interruption requirements for inter-RAT NR measurement case a-1, consider 1ms as the interruption length and FFS interruption location/ratio.

	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”


Inter-RAT NR measurement is similar as NR inter-frequency measurement since the numerology for NR measurement is generally different with 15kHZ in LTE. Therefore, we prefer to consider NR inter-frequency measurement without gap in TS38.133 as the starting point, rather than intra-frequency measurement. 
Proposal 10: For case a-1, NR inter-frequency measurement without gap in TS38.133 could be used as the starting point.
3	Conclusion
Proposal 1: Introduce a new per-UE capability to support case b-2, similar as interFrequencyMeas-Nogap-r16 for inter-frequency SSB based measurement.
Proposal 2: AGC issue can be handled by introducing additional samples.
Proposal 3: Timing offset issue can be handled by scheduling restrictions, e.g. the restricted serving cell symbols includes K symbols before and after the effective measurement window or LTE CRS resources.
Proposal 4: No interruption requirement should be defined for inter-RAT LTE case b-1 and case b-2.
Proposal 5: Performing inter-RAT LTE measurement and NR measurements in parallel without searcher limitation is NOT supported.
Proposal 6: Introduce the effective measurement window for inter-RAT LTE measurement, including offset, duration and periodicity. 
· The ML for NCSG can be reused as the duration for effective measurement window
· The VIRP for NCSG can be reused as the periodicity for effective measurement window
Proposal 7: For both case b-1 and case b-2 without DRX, the delay requirements could be based on , and  should be updated by replacing MGRP or VIRP with the periodicity of effective measurement window.
Proposal 8: For both case b-1 and case b-2 with DRX, use the delay requirements within MG as the baseline and FFS whether and how to update the numbers of DRX cycles considering the newly introduced effective measurement window.
Proposal 9: Define interruption requirements for inter-RAT NR measurement case a-1, consider 1ms as the interruption length and FFS interruption location/ratio.
Proposal 10: For case a-1, NR inter-frequency measurement without gap in TS38.133 could be used as the starting point.
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