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1 Introduction
In last meeting, a WF [1] was agreed to capture the conclusions of the discussion as well as the open issues to be further addressed in this meeting. In short the open issues are 
	· Issue #1: Capability of supporting inter-frequency measurement without MG
· Option 1: Optional with UE capability signaling
· Option 2: Mandatory with UE capability signaling
· Issue #2: UE behaviour for inter-frequency measurement w/o MG partially overlapped with MG
· Solution#1:
· For CA capable UE :
· Define requirements based on the assumption that UE perform measurement outside gaps (same as intra-frequency measurement without MG), when configured MG is partially overlapped with inter-frequency SMTC and inter-frequency SSB is completely contained in the active BWP of the UE. 
· For non-CA capable UE:
· Option 1: Inter-frequency measurements should always happen in gaps.
· Other option is not excluded
· Solution#2
· For UE configured with multiple CC’s:
· Define requirements based on the assumption that UE perform measurement outside gaps (same as intra-frequency measurement without MG), when configured MG is partially overlapped with inter-frequency SMTC and inter-frequency SSB is completely contained in the active BWP of the UE. 
· For UE configured with single CC:
· Option 1: Inter-frequency measurements should always happen in gaps.
· Issue #3: Scheduling restriction for inter-frequency measurement w/o MG
· Synchronization is always assumed for partial and fully overlapped TDD carriers that to be measured for inter-frequency measurement without MG.
· Option 1: No new signaling is needed. Clarify in the spec that synchronization is assumed for overlapped TDD carriers.
· For TDD bands on FR1 and FR2, UE is not expected to transmit PUCCH/PUSCH/SRS on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration
· In FR1 mixed numerology (UE is not capable to support mixed numerologies), UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on all symbols within SMTC window duration. 
· For partial and fully overlapped TDD carriers, UE is not expected to transmit PUCCH/PUSCH/SRS on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration
· Issue #4: Scheduling restriction when the target SSB has a different SCS grid
· FFS: When the target SSB has a different SCS grid as that of UE’s serving cell, UE is allowed to have scheduling restriction in the entire SMTC duration.



In this paper, we provide our views on above issues #1, #2, and #4. 
2 Discussion
Issue #1: UE capability
Considering that this feature might need additional UE implementation effort. So we prefer
[bookmark: _Ref37446518]Proposal 1: Inter-frequency measurement requirement without gap is an optional feature with UE capability signaling. 
If UE capability is introduced, it is very important to make it clear in the spec that which set of requirements are applicable to legacy UEs and which set of requirements are applicable to new UEs. In our view, Section 9.1.5.1 of TS38.133 needs to be updated like the following.
	[bookmark: _Toc5952686]9.1.5.1	Monitoring of multiple layers outside gaps
The carrier-specific scaling factor CSSFoutside_gap,i for measurement object i derived in this chapter is applied to following measurement types:
-	Intra-frequency measurement with no measurement gap in clause 9.2.5, when none of the SMTC occasions of this intra-frequency measurement object are overlapped by the measurement gap.
-	Intra-frequency measurement with no measurement gap in clause 9.2.5, when part of the SMTC occasions of this intra-frequency measurement object are overlapped by the measurement gap. 
-	Inter-frequency measurement with no measurement gap in clause TBD, when none of the SMTC occasions of this inter-frequency measurement object are overlapped by the measurement gap, if UE supports FEATURE_NAME.
-	Inter-frequency measurement with no measurement gap in clause TBD, when part of the SMTC occasions of this inter-frequency measurement object are overlapped by the measurement gap, if UE supports FEATURE_NAME.
UE is expected to conduct the measurement of this measurement object i only outside the measurement gaps


Section 9.1.5.2 also needs to be updated correspondingly, e.g.,
	[bookmark: _Toc5952690]9.1.5.2	Monitoring of multiple layers within gaps
The carrier-specific scaling factor CSSFwithin_gap,i for measurement object i derived in this chapter is applied to following measurement types:
-	Intra-frequency measurement with no measurement gap in clause 9.2.5, when all of the SMTC occasions of this intra-frequency measurement object are overlapped by the measurement gap.
-	Intra-frequency measurement with measurement gap in clause 9.2.6.
-	Inter-frequency measurement in clause 9.3, if UE does not support FEATURE_NAME
-	Inter-frequency measurement with no measurement gap in clause TBD, when all of the SMTC occasions of this inter-frequency measurement object are overlapped by the measurement gap, if UE supports FEATURE_NAME
-	Inter-RAT measurement in clause 9.4
UE is expected to conduct the measurement of this measurement object i only within the measurement gaps.



Regarding the requirements it is a more complicated issue is how to add these new requirements into current spec. Note that we not only need to introduce new requirements, but also need to update the existing requirements, according to Figure 1. At the same time, we need to be careful about how we handle the requirements for UEs supporting this feature and UEs not supporting this feature in the spec. For an example, different requirements should be applied for different UEs when the SMTC occasions of an MO are partially overlapped by MG.
[image: ]
[bookmark: _Ref37446391]Figure 1: How to capture the requirements in different scenarios for different UEs

In our view, the most clear way is to separate different UE capabilities by sections, e.g., reusing existing requirements (Section 9.3.4 and 9.3.5) for UEs not supporting this feature, while creating new sections for UEs supporting this feature, e.g.,
	9.3	NR inter-frequency measurements
9.3.2	Requirements applicability
9.3.3	Number of cells and number of SSB
9.3.4	Inter frequency cell identification for UE which does not support FEATURE_NAME
9.3.5	Inter frequency measurements for UE which does not support FEATURE_NAME
9.3.6	NR Inter frequency measurements reporting requirements
9.3.7	Void Inter frequency cell identification for UE which supports FEATURE_NAME
9.3.7.1	Requirements with measurement gap                                   (refer to 9.3.4)
9.3.7.2	Requirements without measurement gap                             (New requirement)
9.3.8	Inter frequency cell identification for UE which supports FEATURE_NAME
9.3.8.1	Requirements with measurement gap                                   (refer to 9.3.5)
9.3.8.2	Requirements without measurement gap                             (New requirement)
9.3.9       Scheduling availability for UE which supports FEATURE_NAME             (New requirement)


In this way, we can avoid the confusion between UEs who supports and who does not support this feature. We also believe that with this structure it is easier for future maintenance when we see some error in Rel-15 and have to revise both Rel-15 and Rel-16 specs.
[bookmark: _Ref23587091]Proposal 2: New sections for delay requirements are introduced for UE who supports inter-frequency measurement without gap. Within each new section, add sub sections for requirements with gap and without gap. 

One issue raised which was not resolved in last meeting is about UEs without CA capability. For such UEs, they are not required to have 2 searchers according to R15 baseline. One possible way to address this issue is to allow some extension in the measurement delay requirements of PCell. So that UE can spend some time to perform inter-frequency measurement without gap. As an example shown in Table 1, the measurement delay of PCC is extended twice.

[bookmark: _Ref23582149]Table 1 CSSFoutside_gap,i scaling factor for UE without CA or DC capability
	Scenario
	CSSFoutside_gap,i for PCC
	CSSFoutside_gap,i for inter-frequency measurement without MG

	Single CC
	2
	2 x Y


[bookmark: _Ref23587105]Proposal 3: For UE without CA capability, the number of search assumed in the requirement is 1. The measurement delay of PCC is doubled to allow UE to conduct inter-frequency measurement without gap.


Issue #2: UE behaviour for partially overlapped case
UE can perform inter-frequency measurement without MG if the SSB is completely contained in the DL active BWP. Therefore, the scenario is very clear from the frequency domain. To introduce the requirement in to R15 framework, we also need to consider the time domain. 
In Figure 1, we show how different scenarios are mapped to different requirements. In Figure 1(b), if the SMTC occasions of this target MO are fully-overlapped by measurement gap, then UE still needs to conduct the measurement within gap. Then the requirements remain the same as the R15 baseline. If the SMTC occasions of this target MO are fully non-overlapped or partially overlapped by gap, then the measurements are conducted outside gap. We also plotted the scenarios for legacy UEs for comparison in Figure 1(a).

One key point is on how we handle the case when SMTC occasions are partially overlapped by MG. Theoretically, UE can perform measurement for this MO both outside gap and within gap. However, allowing this UE behavior in the requirements could make the spec very complicated, because it is out of the current framework of CSSF. To simplify the spec work, we prefer to make it always measured outside gap. So that the requirement structure for inter-frequency measurement becomes similar to that of intra-frequency measurement. This can help reduce the effort in spec and reduce UE’s implementation complexity at the same time. Note that UE actually still has the flexibility to conduct measurement within gap, if UE is able to fulfil the requirements of all MOs.
[bookmark: _Ref23587103]Proposal 4: For inter-frequency measurement without gap, if the SMTC occasions of an MO are partially overlapped by MG, UE is only required to conduct measurement for this MO outside measurement gap. Therefore, the factor Kp in intra-frequency measurement without gap should be re-used in this scenario.

Considering that whether UE is required to have 2 searchers depends on UE’s CA capability, we believe that solution 1 will be more reasonable. 
[bookmark: _Ref37358494]Proposal 5: For inter-frequency measurement without gap, if the SMTC occasions of an MO are partially overlapped by MG, RAN4 to determine the corresponding UE behaviors based on UE’s CA capability. 

Issue #4: Scheduling restriction when the target SSB has a different SCS grid 
The SCS applicable for SSB are 15KHz, 30KHz, 120KHz and 240KHz, while the granularity of ARFCN that are used in MO to indicate the frequency location of SSB can be 5KHz.
	In TS38.331
MeasObjectNR ::=              SEQUENCE {
    ssbFrequency               ARFCN-ValueNR                  OPTIONAL,   -- Cond SSBorAssociatedSSB
    ssbSubcarrierSpacing     SubcarrierSpacing              OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc1                       SSB-MTC                          OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc2                       SSB-MTC2                         OPTIONAL,   -- Cond IntraFreqConnected
…

In TS38.101-1
[image: ]



That means the spec allows the indication of an inter-frequency MO with SSB not on the same SCS grid as UE’s serving cell, even if they are with the same SCS. Figure 2 provides one example with 15KHz SCS for both UE’s serving cell and the target SSB but on different grids. In this case, additional effort is required by UE to perform measurement and data reception at the same time. 
[image: ]
[bookmark: _Ref31194534]Figure 2. Unaligned grid between target SSB and UE’s serving cell
Introducing a UE capability to indicate this additional capability to network could be one solution. However, we believe this scenario can be easily avoided by network deployment. So adding new UE capability does not make much sense. An easiest way to address this issue is to add a condition in the scheduling restriction requirements, e.g., when the target SSB has a different SCS grid as that of UE’s serving cell, UE is allowed to have scheduling restriction in the entire SMTC duration.
[bookmark: _Ref31195042]Proposal 6: When the target SSB has a different SCS grid as that of UE’s serving cell, UE is allowed to have scheduling restriction in the entire SMTC duration.

3 Summary
In this paper, we discuss the requirement of inter-frequency measurement without gap. We have the following proposals.
Proposal 1: Inter-frequency measurement requirement without gap is an optional feature with UE capability signaling.
Proposal 2: New sections for delay requirements are introduced for UE who supports inter-frequency measurement without gap. Within each new section, add sub sections for requirements with gap and without gap.
Proposal 3: For UE without CA capability, the number of search assumed in the requirement is 1. The measurement delay of PCC is doubled to allow UE to conduct inter-frequency measurement without gap.

Proposal 4: For inter-frequency measurement without gap, if the SMTC occasions of an MO are partially overlapped by MG, UE is only required to conduct measurement for this MO outside measurement gap. Therefore, the factor Kp in intra-frequency measurement without gap should be re-used in this scenario.
Proposal 5: For inter-frequency measurement without gap, if the SMTC occasions of an MO are partially overlapped by MG, RAN4 to determine the corresponding UE behaviors based on UE’s CA capability.
Proposal 6: When the target SSB has a different SCS grid as that of UE’s serving cell, UE is allowed to have scheduling restriction in the entire SMTC duration.
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Table 5.4.2.1-1: NR-ARFCN parameters for the global frequency raster

Frequency range (MHz) | AFgiobal (kHz) | Frer-onrs (MHz) NReF-offs Range of Nrer
0-3000 5 0 0 0 -599999
3000 — 24250 15 3000 600000 600000 - 2016666





