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1. Introduction
In RAN4#94e meeting, inter-frequency measurement without MG was discussed and a way forward was approved in [1]

In this contribution, we discuss the open issues and RRM requirements on inter-frequency measurement without gap.
2. Discussion
2.1 Capability of supporting inter-frequency measurement without MG
Agreement in last meeting:
· Option 1: Optional with UE capability signaling 

· Option 2: Mandatory with UE capability signaling 

As we discussed in previous meetings, in Figure 2, even though the centre frequency of SSBs from serving cell and neighbour cells are different (inter-frequency measurement), the neighbour cell SSB is completely contained in active BWP of the UE. So technically, UE is able to receive the SSB and perform measurement of neighbour cell without measurement gaps. It is quite straightforward from UE implementation point of view. Hence, we propose that UE mandatory support inter-frequency measurement without MG from Rel-16. 
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Figure 1: SSB based inter-frequency measurement without MG
Proposal 1: UE capability ssb-InterF-MeasNoGap is introduced to indicate whether the UE support inter-frequency SSB based measurements without measurement gaps if the SSB is completely contained in the active BWP of the UE. The capability is reported per UE and mandatory support in Rel-16.
2.2 UE behavior for inter-frequency measurement without MG partially overlapped with MG
Agreements in last meeting:
· 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.
Regarding the UE behavior for inter-frequency measurement without MG when SMTC is partially overlapped with MG, there are two solutions in last meeting WF. The main difference is how to differentiate the requirements, based on CA capability (solution 1) or based on number of configured CCs (solution 2). 
In our view, whether UE can measure within gap or both within/outside gap depends on how many searchers that UE have. For example, if UE is capable of CA, which has 2 searchers, even though UE is not configured with multiple CCs, UE can use the other searcher to do the inter-frequency measurement without MG outside gaps; if UE only has 1 searcher, it is reasonable that UE perform inter-frequency measurement within gap when SMTC is partially overlapped with MG in order to avoid the negative impact on serving cell measurement. 
The solution 2 to define requirements based on number of configured CCs comes from some argument that use only 1 searcher to perform measurement (for CA capable UE that have 2 searchers) can save the UE power. However, only in the scenario that SMTC is partially overlapped with MG, measure with 1 searcher instead of 2 will not bring much benefits for UE power saving. If UE power consumption is the main concern, we appreciate that concrete analysis is brought to prove the power consumption issue.
Hence, we propose to adopt the solution#1 from last meeting WF. For non-CA capable UE in solution#1, whether to define requirements assuming UE perform measurement outside gap or only inside gaps depends on the searcher assumption for non-CA capable UE.
Proposal 2: When configured MG is partially overlapped with inter-frequency SMTC and inter-frequency SSB is completely contained in the active BWP of the UE, it is proposed that:
· For CA capable UE : 
· Define requirements based on the assumption that UE perform measurement outside gaps (same as intra-frequency measurement without MG) 
· For non-CA capable UE: 
· Define requirements based on the assumption that UE perform measurement within gaps, if the number of searcher is 1 for non-CA capable UE
· Define requirements based on the assumption that UE perform measurement outside gaps (same as intra-frequency measurement without MG), if the number of searcher is 2 for non-CA capable UE
2.3  The UE behaviour under legacy network
In last meeting, one issue was raised about the UE behaviour for inter-frequency measurement under legacy network. And it was agreed to clarify in the spec that:
· If all the MOs are inter-freq w/o MG to this UE but NW configured MG, UE will use the MG to perform these inter-freq measurement;
· Note: Detailed sentences to be captured in the spec can be further discussed when drafting the CR
The motivation is to avoid that legacy network configure MG, but UE does not use the gap at all since all the configured MOs are belongs to “no gap” measurement.
To make the proposal more clear, we propose the following sentence marked in yellow to be captured in 38.133: 
=============================================================================

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 with no measurement gap in clause 9.3, when all of the SMTC occasions of this inter-frequency measurement object are overlapped by the measurement gap.
-
Inter-frequency measurement with measurement gap in clause 9.3
-
Inter-frequency measurement with no measurement gap in clause 9.3, when the SSBs of all the configured measurement objects are completely contained in the active BWP of the UE, and part of the SMTC occasions of this inter-frequency measurement objects are overlapped by the measurement gap.
-
Inter-RAT measurement in clause 9.4

UE is expected to conduct the measurement of this measurement object i only within the measurement gaps.
Proposal 3: Inter-frequency measurement with no measurement gap in clause 9.3, when the SSBs of all the configured measurement objects are completely contained in the active BWP of the UE, and part of the SMTC occasions of this inter-frequency measurement objects are overlapped by the measurement gap. UE is expected to conduct the measurement of this measurement object only within the measurement gaps.
2.4  Scheduling restriction for inter-frequency measurement w/o MG
Agreement in last meeting:
· 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.

We propose to add the following sentence marked in yellow in 38.133 to clarify the synchronization assumption 
=============================================================================
9.3.5.3
Scheduling availability of UE during inter-frequency measurements
UE are required to be capable of measuring without measurement gaps when the SSB is completely contained in the active bandwidth part of the UE. When any of the conditions in the following clauses is met, there are restrictions on the scheduling availability; otherwise, there is no scheduling restriction. Note that the SSB symbols to be measured in the following clauses are all L SSB symbols within SMTC window duration defined in clause 4.1 of TS 38.213 [3].
The scheduling availability requirements when UE performs inter-frequency measurements without measurement gaps in a TDD bands on FR1 and FR2 in clause 9.2.5.3.1~9.2.5.3.3 are valid under the following conditions:

 • SFN and frame boundary across serving cell and inter-frequency neighbor cells is aligned, and

 • the timing of SSBs across serving cell and inter-frequency neighbor cells are aligned
Proposal 4: The scheduling availability requirements when UE performs inter-frequency measurements without measurement gaps in a TDD bands on FR1 and FR2 are valid under the following conditions:

 • SFN and frame boundary across serving cell and inter-frequency neighbor cells is aligned, and

 • the timing of SSBs across serving cell and inter-frequency neighbor cells are aligned
2.5  Clarification on simultaneousRxDataSSB-DiffNumerology
3 UE are required to be capable of measuring without measurement gaps when the SSB is completely contained in the active bandwidth part of the UE. When any of the conditions in the following clauses is met, there are restrictions on the scheduling availability; otherwise, there is no scheduling restriction. Note that the SSB symbols to be measured in the following clauses are all L SSB symbols within SMTC window duration defined in clause 4.1 of TS 38.213 [3].
Rel-15 UE capability simultaneousRxDataSSB-DiffNumerology is defined to indicate whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell and PDCCH or PDSCH reception from the serving cell with a different numerology.
For inter-frequency measurement without MG, since the measured SSB is within UE’s active BWP as illustrated below, the similar situation also exists whether concurrent inter-frequency measurement without measurement gap on neighbouring cell and PDCCH or PDSCH reception from the serving cell can be performed or not.
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Figure 2: SSB based inter-frequency measurement without MG
In our view, if UE supports Rel-15 simultaneousRxDataSSB-DiffNumerology, UE is also capable of concurrent inter-frequency measurement without MG and PDCCH/PDSCH reception from the serving cell. So we can either update the existing UE capability simultaneousRxDataSSB-DiffNumerology to capture the above case, or introduce a new capability. 

Our preference is to update the existing UE capability as following:

	simultaneousRxDataSSB-DiffNumerology

Indicates whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell or inter-frequency measurement without measurement gap and PDCCH or PDSCH reception from the serving cell with a different numerology as defined in clause 8 and 9 of TS 38.133 [5].


Proposal 5: It is proposed to update the UE capability simultaneousRxDataSSB-DiffNumerology to indicate whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell or inter-frequency measurement without measurement gap and PDCCH or PDSCH reception from the serving cell with a different numerology as defined in clause 8 and 9 of TS 38.133.
2. Conclusion
In this contribution, we discuss the open issues for inter-frequency without MG and the proposals are:
Proposal 1: UE capability ssb-InterF-MeasNoGap is introduced to indicate whether the UE support inter-frequency SSB based measurements without measurement gaps if the SSB is completely contained in the active BWP of the UE. The capability is reported per UE and mandatory support in Rel-16.
Proposal 2: When configured MG is partially overlapped with inter-frequency SMTC and inter-frequency SSB is completely contained in the active BWP of the UE, it is proposed that:

· For CA capable UE : 
· Define requirements based on the assumption that UE perform measurement outside gaps (same as intra-frequency measurement without MG) 
· For non-CA capable UE: 
· Define requirements based on the assumption that UE perform measurement within gaps, if the number of searcher is 1 for non-CA capable UE
· Define requirements based on the assumption that UE perform measurement outside gaps (same as intra-frequency measurement without MG), if the number of searcher is 2 for non-CA capable UE
Proposal 3: Inter-frequency measurement with no measurement gap in clause 9.3, when the SSBs of all the configured measurement objects are completely contained in the active BWP of the UE, and part of the SMTC occasions of this inter-frequency measurement objects are overlapped by the measurement gap. UE is expected to conduct the measurement of this measurement object only within the measurement gaps.

Proposal 4: The scheduling availability requirements when UE performs inter-frequency measurements without measurement gaps in a TDD bands on FR1 and FR2 are valid under the following conditions:

 • SFN and frame boundary across serving cell and inter-frequency neighbor cells is aligned, and

 • the timing of SSBs across serving cell and inter-frequency neighbor cells are aligned
Proposal 5: It is proposed to update the UE capability simultaneousRxDataSSB-DiffNumerology to indicate whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell or inter-frequency measurement without measurement gap and PDCCH or PDSCH reception from the serving cell with a different numerology as defined in clause 8 and 9 of TS 38.133.
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