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1
Introduction 
In RAN4 NR#3 meetings, a WF [1] was agreed on the Need for intra-frequency measurement gap, as captured below.

	· It was agreed (R4-1707424) that there are 3 categories of measurement

· Intra-frequency measurement without measurement gap

· Intra-frequency measurement with measurement gap

· Inter-frequency measurement

· Corresponding definitions of intra and interfrequency measurement were also agreed

· Following use cases are agreed for measurement gap from RAN4 requirement point of view

· To enable UE to perform intrafrequency measurement when the SSB to be measured is not within the active bandwidth part

· To enable UE perform to RX beamforming in a different direction than the serving cell

· FFS for the use cases related to:

· To enable UE to perform intrafrequency measurement using a different sub carrier spacing than the serving cell PDCCH/PDSCH

· Interested companies are invited to analyze

· The need for measurement gaps for the additional use cases

· Any corresponding impacts such as UE capabilities to allow the gNB to correctly configure measurement gaps as needed

· Switching times to be assumed by RAN4 for each of the measurement gap use cases

· The target is to complete the analysis by RAN4#84bis

· RAN2 needs to be informed of any additional UE capabilities which may be necessary


In this paper, we discuss these multiple needs of configuring measurement gap, the corresponding UE and requirements. 
2
Multiple Needs to Configure Measurement Gap
In this section, we first discuss the multiple needs to configure measurement gap in NR. We will focus on SSB-based measurement in this paper, although the concept can be extended to CSI-RS based measurement. In summary, measurement gap can be configured for the following needs.
1.  Inter-frequency measurement

2.  Intra-frequency measurement when the SSB to be measured is not within the active bandwidth part of UE
3.  Intra-frequency measurement when UE changes its Rx beam direction

4.  Intra-frequency measurement when UE needs to use with a different numerology

5.  Radio link monitoring when the RLM-RS is not within the active bandwidth part of UE
1. Inter-frequency measurement: The definition of inter-frequency in NR had been defined in previous RAN4 meeting. In general, it is still similar to that in LTE. However, in NR when multiple bandwidth parts (BWP) are configured by network, the target of an inter-frequency measurement could be another BWP of the same carrier. As illustrated in Figure 1, the red arrow denotes the measurement for another BWP. This measurement is to provide network information on whether UE can switch its active BWP for better receiving performance. The blue arrow in Figure 1 denotes the measurement for another carrier. Both of them are inter-frequency measurement, require gaps and require the similar complexity at UE’s physical layer. However, in higher layers, these two kinds of measurement may not have equal priority. For an example, measurement for another BWP may need to be performed more frequently than that for another carrier, because changing a BWP can be done dynamically. Therefore, we think we can further divide this case into 2 sub-cases
a. Inter-frequency measurement for another carrier
b. Inter-frequency measurement for another BWP
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Figure 1. Two different types of inter-frequency measurement

2. Intra-frequency measurement when the SSB to be measured is not within the active BWP of UE: In this case, the reference SSB is not in UE’s current active BWP. One case could be that UE is in a BWP without any SSB, as illustrated in Figure 2. Gap is needed for this measurement.
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Figure 2. Intra-frequency measurement with gap for the reference SSB in another BWP
3. Intra-frequency measurement when UE changes its Rx beam direction: In mmWave, UE may have multiple Rx beams. Depending on UE capability, UE may choose only one Rx beam at a time to monitor PDCCH and decode PDSCH from its serving cell. Since UE’s location and orientation may change with time. It is not guaranteed that the current Rx beam is always the best one. Sometimes, UE needs to try another Rx beam to check if other unused Rx beam becomes better than the current one. As the example provided in Figure 3, UE may want to try another Rx beam to measure all SSBs in the 2nd SMTC period to check if better measurement results can be obtained. UE may not be able to keep the same decoding performance after switched to another Rx beam. Therefore, measurement gap can be provided to UE for this kind of operation.
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Figure 3. Gap required for measurement with different Rx beam direction 
4. Intra-frequency measurement when UE need to use with a different numerology: As agreed in previous RAN4 meetings, it is optional to UE to support FDMed mix-numerology between sync and data. Therefore, when SSB with SCS-1 comes together with PDCCH/PDSCH with SCS-2 in the same slot, UE needs to choose which SCS to use, meaning that the other signals with a different SCS will be dropped. This case happens at least in the following 2 scenarios, as illustrated in Figure 4.
· (red circle) In some slot, the serving cell is transmitting SSB with SCS-1 and data with SCS-2 simultaneously. UE needs to decide to measure SSB and drop the PDCCH/data, or monitor PDCCH and drop SSB.
· (purple circle) Two periodicities are indicated by SMTC in the intra-frequency. Serving cell follows the longer periodicity, but a target cell follows a shorter one. UE needs to decide to monitor PDCCH from serving cell and drop SSB from target cell, or drop PDCCH from serving and go for SSB from target cell.
Actually, RAN4 has not conclude the UE behaviour in above scenarios. In our opinion, gap can be provided to make UE behaviour clear, e.g., if gap is provided, UE measures SSB. Otherwise, UE monitors PDCCH.
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Figure 4. Gap required for the case with 2 numerologies
5. Radio link monitoring when the RLM-RS is not within the active bandwidth part of UE: This case is very similar to the 2nd one. UE needs to calculate the SINR for INS and OOS indication frequently. If UE does not have SSB in its active bandwidth part, then UE needs gap to switch to another BWP. Higher layer will indicate UE which SSB is the RLM-RS to be used for RLM. However, it is not sure whether this SSB for RLM is the same as the reference SSB for L3 measurement, in terms of the frequency location and timing configuration.
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Figure 5. Gap required for assess the RLM-RS in another BWP

Observation 1: There are at least the following needs that require gap configurations

· Inter-frequency measurement for another carrier frequency
· Inter-frequency measurement for another BWP in the same frequency

· Intra-frequency measurement when the SSB to be measured is not within the active BWP of UE
· Intra-frequency measurement when UE changes its Rx beam direction

· Intra-frequency measurement when UE need to receive with a different numerology

· Radio link monitoring when the RLM-RS is not within the active BWP of UE
In the next section, we discuss the gap sharing among all needs and their impact on the requirement.
3
Sharing the Gap for Multiple Needs
From requirement perspective, how the gap is shared for multiple needs will affect the delay requirement of individual one. E.g., consider the requirement for inter-frequency measurement on a different carrier frequency, the delay requirement will be different if the gap is shared with other x needs, where x = 0, 1, 2, 3, 4, and 5. If more needs are competing the gap, the measurement delay for each need is expected to be longer.
Observation 2: The delay requirement will be different if the gap is shared with different number of needs. 
One thing to be specially noted here is that even the requirement for intra-frequency without gap can be affected by this gap sharing. This situation happens when the SMTC of the intra-frequency (partially) collides with gap occasion. For an example, if all occasions indicated by STMC are fully overlapped with gap, it is not reasonable that UE always performs inter-frequency measurement in the gap and never tries intra-frequency measurement.
Observation 3: Even the requirement for intra-frequency without gap may be affected by this gap sharing.
When multiple needs share the same gap pattern, it is very important for both network and UE to know how to handle it. Some high-level guidance or rule should be agreed in RAN4 to achieve a balance usage of gap among different needs. What should be avoid are situations that UE spends all gaps trying different Rx beam directions, or that UE spends all gap on RLM. Some rules can be agreed such as setting a priority among all needs or setting some ratios indicating that how frequently UE should spend the gap for a certain need. With clear rules to follow, both network and UE can has the same expectation of the RRM performance under different scenarios. Also, RAN4 can follow the rule to specify the requirements. 
To start the discussion, we suggest RAN4 can first work on the scenario without Rx beamforming and without mix-numerology. This means RAN4 can first focus on the needs motivated by BWP operations. After conclusions achieved, RAN4 can extend the conclusions to the case with Rx beamforming and mix-numerology.
Proposal 1: RAN4 needs to discuss some high level rule on how the gap is shared by different needs, starting with the scenarios without Rx beamforming and without mix-numerology.
4
Summary 
In this contribution, we discuss different needs to configure measurement gap and the issue of gap sharing. We have the following observation and proposal.
Observation 1: There are at least the following needs that require gap configurations 
· Inter-frequency measurement for another carrier frequency

· Inter-frequency measurement for another BWP in the same frequency

· Intra-frequency measurement when the SSB to be measured is not within the active BWP of UE
· Intra-frequency measurement when UE changes its Rx beam direction

· Intra-frequency measurement when UE need to receive with a different numerology

· Radio link monitoring when the RLM-RS is not within the active BWP of UE
Observation 2: The delay requirement will be different if the gap is shared with different number of needs.
Observation 3: Even the requirement for intra-frequency without gap may be affected by this gap sharing.
Proposal 1: RAN4 needs to discuss some high level rule on how the gap is shared by different needs, starting with the scenarios without Rx beamforming and without mix-numerology
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