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Discussion 
1
Introduction 
In RAN4 #84b meetings, an LS [1] were agreed on the usage measurement gap and intra/inter gap sharing, as captured below.

	Usage of measurement gaps

· RAN4 has discussed the following use cases for measurement gaps

· Measurement of interfrequency NR cells,

· Measurement of intrafrequency NR cells when the intrafrequency SS burst is not within the UEs active bandwidth part and hence the UE needs to perform RF retuning.

· RAN4 is still discussing if gap or other mechanism is used for

· Intrafrequency measurements within the active BW part on FR2 due possible RX beamforming

· Intrafrequency measurements within the active BW part with a different numerology between data/control and SS block

· In case gaps are used, or in case UE needs gaps for other purposes (e.g. interfrequency measurements), RAN4 assumption is that a single gap pattern as mentioned  in the measurement gap patterns section will be used.

· For monitoring of multiple frequency layers with gaps, RAN4 view is some UE may need per UE gaps to measure in either LTE and/or FR1 and/or FR2 while other UE may be able to measure with independent and potentially different gap patterns (including no gap pattern) for LTE/FR1 and FR2 serving cells (including different MGRP, MGL and offset). 

· In any case that gaps are needed, the UE is not expected to measure SS blocks which are not within the available measurement time in the gap.  

Intra/inter gap sharing

· Since gaps are used for both intra and interfrequency measurements, RAN4 view is discussing that the sharing of gaps between intra measurement and inter-measurement may need to be configurable. RAN4 is working on the exact details of intra/inter gap sharing schemes and anticipates the need for a configuration similar to the one used for LTE category M1 measurements in 36.331:

MeasGapSharingConfig field descriptions
measGapSharingScheme

Indicates the measurement gaps sharing scheme for BL UEs in CE mode A and CE mode B, see TS 36.133 [16, Table 8.13.2.1.1.1-2 and Table 8.13.3.1.1.1-3]. Value scheme00 corresponds to “00”, value scheme01 corresponds to “01”, and so on.

RAN4 believe that a maximum of 4 configurable sharing schemes would be suitable.


In this paper, we further discuss the open issues of use cases of measurement gap and intra/inter gap sharing. 
2
Use Cases for Bandwidth Part Operation
In this section, we provide our views on the uses cases when the target SSB is within UE’s active bandwidth part (BWP) or not. Both 

· Time-domain relation between gap pattern and SMTC occasions and 

· Frequency-domain relation between target SSB and active BWP 

are considered. For simplicity, the target SSB we mentioned in this section is the SSB indicated by the serving cell for intra-frequency measurement.
RAN4 concluded the requirements of intra-frequency measurement with and without gap in RAN4#84 meeting [2]. Later in RAN4 NR#3 meetings, RAN4 further added a note in [3] to address the issue that the BWP could be dynamically changed within a measurement period, as captured below.
	· Requirements applicability 

· During the cell identification/measurement period where intra-frequency is measured without gap, if measurement gap happens to be needed, UE should comply with the requirements for intra-frequency with measurement gap
· During the cell identification/measurement period where intra-frequency is measured with gap, if measurement gap happens not to be needed, UE should comply with the requirements for intra-frequency with measurement gap


However, the gap configuration is through RRC, while the change of BWP could be via DCI. It is not typical to re-configure RRC upon every BWP change. Therefore, to allow UE continue measuring the target SSB before or after BWP changes, the measurement gap should already cover fully or partially the SMTC occasions in time domain. 
Observation 1: To allow UE continue measuring the SSB indicated by serving cell before or after BWP changes, the measurement gap should cover fully or partially the SMTC occasions in time domain.

With the consideration of this time-domain relation between gap pattern and SMTC occasions, different UE’s behaviours when the SMTC occasions are partially, fully or not covered by gap are provided in Figure 1.
a)  None of the SMTC occasions are covered by gap pattern. This scenario may happen when UE is not configured with any measurement gap yet. Or it may happen when UE is configured with only one BWP such that the measurement gap does not need to cover intra-frequency SMTC occasions. The requirement of intra-frequency without gap can be applied to this scenario. Since gap sharing is not need, we can further denote this requirement as: intra-frequency without gap and without gap sharing (R1).
b)  All SMTC occasions are covered by gap pattern. In this scenario, no matter the target SSB is within UE’s active BWP or not, UE always measure it at the occasion covered by gap. (Note, this does not mean that UE needs gap to perform measurement.) Therefore, gap sharing always needs to be considered. To be more specific, 

a. When the target SSB is within UE’s BWP, no RF tuning is required. The requirement of intra-frequency without gap can be applied. However, gap sharing is needed. There, we can further denote this requirement as: intra-frequency without gap and with gap sharing (R2). 

b. When the target SSB is NOT within UE’s BWP, RF tuning is required. The requirement of intra-frequency with gap can be applied. Of course, gap sharing is needed. There, we can further denote this requirement as: intra-frequency with gap and with gap sharing (R3). 

c)  Partial SMTC occasions are covered by gap pattern. In this scenario, UE behaviour is different, depending on whether the target SSB is within UE’s active BWP. To be more specific, 
a. When the target SSB is within UE’s BWP, UE can simply measure those SMTC occasions that are not covered by gap. RF tuning is not required and gap sharing is not need, either. The requirement is the same as R1. One thing to be noted here is that not all SMTCs can be used for intra-frequency measurement here, we need to considered only those SMTC without gap covering when specifying the requirement. 
b. When the target SSB is NOT within UE’s BWP, RF tuning is required. Gap sharing needs to be considered. The requirement is the same as R3. 
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Figure 1. UE measurement behaviour w.r.t BWP change when (a) none of the SMTC occasions are covered by gap pattern, (b) all SMTC occasions are covered by gap pattern and (c) partial SMTC occasions are covered by gap pattern 
Table 1 provides a summary of all cases.

Table 1. Summary of scenarios and the corresponding requirements
	How gap pattern covers SMTC occasions
	Whether target SSB is within active BWP
	Gap is required for RF tuning
	Need of gap sharing
	Detail category for Intra-frequency measurement 

	None
	Yes
	No
	No
	R1: without gap without gap sharing 

	
	No
	N/A
	N/A
	N/A

	All
	Yes
	No
	Yes
	R2: without gap with gap sharing 

	
	No
	Yes
	Yes
	R3: with gap with gap sharing 

	Partial
	Yes
	No
	No
	R1: without gap without gap sharing 

(down sampling on SMTC occasion)

	
	No
	Yes
	Yes
	R3: with gap with gap sharing 


Observation 2: Depending on the time-domain relation between gap pattern and SMTC occasions as well as the frequency-domain relation between target SSB and active BWP, the requirement for intra-frequency measurement can be categorized into 3 cases

· without gap without gap sharing

· without gap with gap sharing

· with gap with gap sharing
Proposal 1: Gap sharing needs to be considered even in the requirement of intra-frequency measurement without gap.
3
Use Cases for Rx beamforming in FR2
In FR2, UE may choose only one Rx beam at a time to monitor PDCCH and decode PDSCH from its serving cell. Sometimes, UE needs to try another Rx beam to check if other unused Rx beam becomes better than the current one. UE may not be able to keep the same decoding performance after switched to another Rx beam. 

This Rx beam sweeping operation is a UE implementation issue. At least from RRM perspective, network may NOT have the information on how UE is going to switch its RX beam in the up-coming SMTC occasions. In last RAN4 meeting, 2 solutions were discussed. Figure 2 illustrates the idea of these two solutions. 
· Gap-based solution. UE is allowed to change its Rx beam only when the SMTC occasion is covered by measurement gap. For other SMTC occasions that are no covered by gap, UE sticks to the RX beam used for PDCCH/PDSCH decoding. This solution has the following advantage and disadvantages. 
· UE behaviour becomes very clear. Network knows when to and when not to schedule the UE during SMTC.
· RF tuning time is not needed for Rx beam sweeping. Therefore, the unnecessary RF tuning time becomes an additional overhead.
· Scheduling in other CCs needs to be stopped. If identical gap is considered, even the transmissions and receptions in all CCs in FR1 need to stop, e.g., f3 in Figure 2(a).
· SMTC-based solution. UE does not need to transmit and receive during all SMTC occasions only in that frequency layer in FR2. This means UE can arbitrary switch its Rx beam in any SMTC occasion, as long as the measurement requirements are met. This solution has the following advantage and disadvantages.
· Low UE throughput when SS burst set periodicity is small. E.g., an SMTC with 10ms periodicity and 5ms duration would leave only 50% of the scheduling opportunity to network.

· No additional time for RF tuning is needed.

· It is possible that some CCs in FR2 share the same Rx beam. If UE needs to switch the Rx beam for one of CCs in FR2, then all the other CCs in FR2 cannot receive PDCCH/PDSCH properly. As illustrated in Figure 2(b), network cannot schedule UE in f2 at the time when there is an SMTC in f1 (and vice versa). In summary, the SMTC in one frequency layer will stop the transmission and reception in all the other frequency layers in FR2.
· For serving cells in FR1, this solution brings no impact on them, e.g., f3 in Figure 2(b). 

Observation 3: It is likely that some CCs in FR2 share the same Rx beam. Therefore, Rx beam sweeping for a single CC will stop the transmissions and receptions in all the other CCs in FR2.
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Figure 2. Comparison of 2 solutions for the issue of Rx beam sweeping in FR2: (a) Gap-based and (b) SMTC-based
Based on above discussion, we slight prefer the SMTC-based solution due to the advantage of no RF tuning time and no impact to serving cells in FR1. Regarding the concern of low throughput, we believe this can be handled by network with proper selection of SMTC periodicity. 
Proposal 2: SMTC-based solution is adopted for UE Rx beam sweeping in FR2.
With SMTC-based solution, the 3 requirements mentioned in previous section can be directed extended in FR2. 

4
Use Cases for SS-to-data Mix-numerology 

As agreed in previous RAN4 meetings, it is optional to UE to support FDM-ed mix-numerology between sync and data. For those UE that cannot support FDM-ed mix-numerology, only one SCS can be used at a time in a CC. 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 missed. This case happens at least in the following 2 scenarios, as illustrated in Figure 3.
· (red circle) In some slot, the serving cell is transmitting SSB with SCS-1 and data with SCS-2 simultaneously. 

· (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. In some slots, the serving cell is transmitting data with SCS-2, but a neighbouring cell is transmitting SSB with SCS-1 simultaneously
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Figure 3. Cases when UE need to process 2 numerologies

RAN4 discussed 2 solutions for handling this issue. Actually the 2 solutions are the same as those mentioned in the previous section. The detail pros and cons of the two solutions are very much similar. One different thing to be noted here is that CCs in FR2 may share the same Rx beam sweeping, but not all CCs will have the issue of mix-numerology. If there are 2 CCs in FR2 with CC1 having same SCS for both SSB and data and CC2 having different SCS for SSB and data, CC1 will not be impacted by CC2 at all. This means the SMTC-based solution is an even better solution for higher throughput. Here, we just directly go to the following proposal.

Proposal 3: SMTC-based solution is adopted for UE that cannot support sync-to-data FDM-ed mix numerology.

Similarly, with SMTC-based solution, the 3 requirements mentioned in previous section can be directed extended here. 
5
Summary 
In this paper, we further discuss the open issues of usage cases of measurement gap and also intra/inter gap sharing. We have the following observations and proposals
Observation 1: To allow UE continue measuring the SSB indicated by serving cell before or after BWP changes, the measurement gap should cover fully or partially the SMTC occasions in time domain.
Observation 2: Depending on the time-domain relation between gap pattern and SMTC occasions as well as the frequency-domain relation between target SSB and active BWP, the requirement for intra-frequency measurement can be categorized into 3 cases.
· without gap without gap sharing

· without gap with gap sharing

· with gap with gap sharing

Observation 3: It is likely that some CCs in FR2 share the same Rx beam. Therefore, Rx beam sweeping for a single CC will stop the transmissions and receptions in all the other CCs in FR2.
Proposal 1: Gap sharing needs to be considered even in the requirement of intra-frequency measurement without gap.
Proposal 2: SMTC-based solution is adopted for UE Rx beam sweeping in FR2.
Proposal 3: SMTC-based solution is adopted for UE that cannot support sync-to-data FDM-ed mix numerology.
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