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1. Introduction
In the RAN4#84bis meeting, the way forward [1] on measurement capability and measurement gap are agreed, in which there are agreements on intra-frequency measurement as follows.

· It shall be assumed in release 15 that all UE are not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on FR2 serving cells during FR2 intra-frequency measurements, ie no capability is needed

· For UE not supporting mixed numerology scenarios in FR1 and FR2, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH for intra-frequency measurement without 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.

In the RAN4#85 meeting, there were further discussions on intra-frequency measurement in NR [2-9]. A way forward [10] was circulated and discussed but it was not approved in the end. In this contribution, we further provide our views on intra-frequency measurement on FR2 and intra frequency measurement with mixed numerology on FR1/FR2.
2. Discussion
There are two solutions for intra-frequency measurement on FR2 and with mixed numerology being discussed in the last meeting. One is gap based solution and the other one is SMTC based solution. The gap based solution is that measurement gap is configured for intra-frequency measurement on FR2 where Rx beamforming would be used and intra-frequency measurement with mixed numerology. The SMTC based solution is that intra-frequency measurement on FR2 and intra-frequency measurement with mixed numerology is performed during the SMTC duration.
It was agreed that there is no PUCCH/PUSCH transmission and PDCCH/PDSCH reception during the two kinds of intra-frequency measurements. There is also an enhanced SMTC solution proposed by company that only SSB symbols are not allowed for data transmission/reception, while other symbols within the SMTC duration can be used for data transmission/reception.
It was agreed in RAN4#84bis if measurement gaps are configured for other purposes, e.g. for inter-frequency measurements, only one single gap pattern can be configured. With this agreement we can consider two scenarios for the intra-frequency measurement.
2.1 Scenario without configured gap patterns
If no inter-frequency measurement and/or intra-frequency measurement with RF retuning is configured, then there would be no configured measurement gap patterns for UE measurement. Under this scenario if intra-frequency measurement on FR2 and/or intra-frequency measurement with mixed numerology are configured, then either options can work well. 
According to SSB burst pattern design the SSB symbols are not started from the very beginning symbol of a slot, there would be enough time for UE to switch Rx beam for FR2 measurement or change sampling rate for mixed numerology. Therefore SMTC based solution can work. The gap based solution is simple and can work either. UE just performs measurements during the configured gap.
The measurement gap length is 1ms longer on FR1 and 0.5ms longer on FR2 than SMTC duration due to RF retuning time included in the gap. It is obvious that SMTC based solution could save some time for data transmission/reception compared to gap based solution. 
On the other hand however it seems all the SMTC occasions should be assumed to be used by UE for measurement. Two SMTCs with different periodicity can be configured for intra-frequency measurement for different cells. The shorter SMTC periodicity should be assumed for intra-frequency measurement for SMTC based solution. However the gap periodicity can be configured as shorter SMTC periodicity or longer SMTC periodicity based on the necessity of different use cases. Therefore gap based solution could provide flexibility from measurement periodicity perspective. If only one SMTC periodicity is configured for intra-frequency measurement then the two solutions seems to be the same from measurement periodicity point of view.  
In summary gap based solution and SMTC based solution can both work well if no measurement gap pattern is configured for other purpose. As SMTC based solution could save RF re-tuning time during each measurement, it seems to be a better solution in this scenario.
Proposal 1: SMTC based solution is used for intra-frequency measurement on FR2 and intra-frequency measurement with mixed numerology if no gap pattern is configured for other measurement purpose.

2.2 Scenario with configured gap patterns
If measurement gap patterns are configured for inter-frequency measurement and/or intra-frequency measurement with RF retuning, it is naturally to share gaps with intra-frequency measurement on FR2 and/or intra-frequency measurement with mixed numerology. There may be intra-frequency mobility performance degradation if large number of inter-frequency layers are configured to be measured. But if the gap sharing parameter X is configured reasonably the mobility performance can be balanced between intra and inter frequency. For example if X is set to 80% then intra-frequency delay can only be extended by 1.25 which can be considered feasible even if intra-frequency mobility is more important. Of course this is at the price of longer delay of inter-frequency measurement. But case by case this can be controlled by network depending on the importance of intra and inter frequency mobility. Hence the gap based solution can work for the scenario by gap sharing.
However for SMTC based solution there would be issues in this scenario. If the SMTC occasions for intra-frequency measurement on FR2 and/or intra-frequency measurement with mixed numerology is overlapped with the gap duration, which is common case if cells on different frequency layers are synchronized, the UE is only able to measure either the intra-frequency layers or inter-frequency layers but cannot measure both. UE can tune it’s receiver to either intra-frequency carrier or inter-frequency carrier if no redundant RF chains and parallel measurement processing capabilities.
Even if SMTC occasion for intra frequency measurement on FR2 and/or inter-frequency measurement with mixed numerology is not overlapped with measurement gap, there could be overhead issues. UE cannot be scheduled during the SMTC occasions for intra-frequency measurement and gaps for inter-frequency measurement. If gap periodicity is 40ms and SMTC periodicity is 40ms then the overhead is almost doubled compared to only gap based measurement.
It is observed that SMTC based solution is not feasible if measurement gap patterns are configured for other measurement purpose.
Proposal 2: Gap based solution is used for intra-frequency measurement on FR2 and intra-frequency measurement with mixed numerology if gap patterns are configured for other measurement purpose.

2.2 enhanced SMTC based solution.
In way forward [10] an enhanced SMTC based solution was proposed.
	· In FR1 intra-frequency SS-RSRP/RSRQ/SINR measurement:

· For UE not supporting mixed numerology scenarios, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured within SMTC window duration if useServingCellTimingForSync is enabled

· For UE not supporting mixed numerology scenarios, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on all symbols within SMTC window duration if useServingCellTimingForSync is not enabled

· In FR2 intra-frequency SS-RSRP/SINR measurement:

· For UE capable of fast RX beam switching, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured within SMTC window duration (if useServingCellTimingForSync is enabled)

· For UE not capable of fast RX beam switching, down-select from following two options

· Option 1: UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on all symbols within slots containing SSB symbols to be measured within SMTC window duration (if useServingCellTimingForSync is enabled)

· Option 2: UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, X symbol(s) before each consecutive SSB symbols and X symbol(s) after each consecutive SSB symbols within SMTC window duration  (if useServingCellTimingForSync is enabled)

· X = [1] symbol for 60 kHz SCS and [2] symbols for 120 kHz SCS


The UE is not expected to transmit or receive only on SSB symbols rather than all of the symbols within SMTC duration for the enhanced SMTC based solution. But there are conditions to apply this solution. First the neighbour cells should be synchronized to serving cell so that the timing can be derived from serving cell. Second fast Rx beam switching capability is also required for FR2 intra-frequency measurement, which means UE capability is needed to be defined.

It is noted that as discussed in above sections the enhanced SMTC based solution would only applied to scenario where no measurement gap pattern is configured for other measurement purpose, i.e. only intra-frequency frequency measurement without RF retuning is configured.

In our view it would be better to study this solution further, e.g. the level of UE Rx beam switching speed. If all UE can achieve high speed beam switching then no capability is required and the solution could be more useful.
Proposal 3: FFS whether enhanced SMTC based solution is feasible and necessary.
3. Conclusion
In this contribution, we further provided our views on intra-frequency measurement on FR2 and intra frequency measurement with mixed numerology on FR1/FR2. Based on observations following proposals are present.
Proposal 1: SMTC based solution is used for intra-frequency measurement on FR2 and intra-frequency measurement with mixed numerology if no gap pattern is configured for other measurement purpose.

Proposal 2: Gap based solution is used for intra-frequency measurement on FR2 and intra-frequency measurement with mixed numerology if gap patterns are configured for other measurement purpose.

Proposal 3: FFS whether enhanced SMTC based solution is feasible and necessary.
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