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1. Introduction
In RAN4 AH#3, measurement gaps were extensively discussed. In this paper, we discuss the different use cases for measurement gaps concentrating on intrafrequency measurements.
2. Discussion

For interfrequency measurements we assume gaps are always needed when the SSB to be measured is not within the active BW part
Proposal 1 : Interfrequency measurements are assumed to be performed with measurement gaps when the SSB to be measured is not within the active BW part
In LTE there has been an interfrequency “NeedforGaps” capability since release 8. In our view, it has become increasingly unsustainable to extend “NeedforGaps” as the number of LTE CA band combinations has increased exponentially over the years and we do not think it will be a very feasible approach to further extend “NeedforGap” to account for NR RF chains, considering that in addition to the LTE CA capability, the possibility to measure without gaps will additionally depend on NR RF chains.

We think it would be beneficial to discuss the case of interfrequency measurement when the SSB is within the active BW part. In our understanding this may not be a corner case, eg when the UE is operating with wide bandwidth and multiple SSB are transmitted by serving and/or neighbor cell

Proposal 2 : RAN4 further discusses interfrequency measurements when the SSB to be measured is within the active BW part.
For intrafrequency measurements 3 use cases were discussed[1], the first two of which were agreed to be handled with measurement gaps 

· 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
Since the mixed SCS case is not yet agreed to use gaps, we consider this case first.
1. Mixed sub-carrier spacing

Firstly, we make the following observations

Observation 1 : The network does not know if the UE is making intrafrequency measurements during a given SMTC/gap and if it is, which cell(s) are being measured

The reason for avoiding measurement gaps discussed in RAN4 AH#3 was that the UE could still be scheduled during the SMTC(s) where it is performing intrafrequency measurements as long as it was scheduled using the same SCS as is used for the SS block(s) that it is measuring.
Therefore, the tradeoff is as follows:

· If no gaps are used, the network will have to assume that the UE has switched numerology on any occasion when an intrafrequency SMTC occurs on either the serving cell, or any other target cell which uses the different numerology than the serving cell data. The UE will also need to perform the switch, so that it could be scheduled with the expected data numerology (same as the SSB numerology), even if it does not want to actually measure an SSB.
· If gaps are used, the network has tools to control when the measurements are made more precisely (eg gap periodicity can be greater than SMTC periodicity) but the UE cannot be scheduled during the gap
· If the network does not support transmission of mixed numerologies in FDM manner, it cannot schedule any other UE using a different numerology than the numerology it is using for SSB transmission due to its own capabilities.
It seems that either solution could work, so there are two alternative proposals

Proposal 3 : Measurement gaps are used for intrafrequency measurements for UE that are not capable of receiving mixed SCS in FDM manner if the data and SS block SCS is different. UE is expected to receive data except in measurement gaps

Or

Proposal 3alt : No measurement gaps are used for intrafrequency measurements for UE that are not capable of receiving mixed SCS in FDM manner if the data and SS block SCS are different. UE is expected to receive data using the same SCS as the SSB in a time window which corresponds to the SMTC of the serving and all intrafrequency neighbor cells.
We assumed so far for this analysis that the same SCS is used for serving cell and all neighbor cell SSBs. If this were not the case, some cells have SSB SCS matching to the serving cell data SCS and others do not then the gaps are needed to measure the cells that don’t have the same numerology as the serving cell data SCS. Some cells (the ones with the same numerology as the serving data) may be measured outside of the gaps, assuming that there are SMTC opportunities outside of the gaps. From this description, it can be seen that proposal 3 is needed, and the difference is that some cells may be measured in SMTC outside the gaps. For this case proposal 3-alt appears to be difficult due to observation 1 and the uncertainty of which cells the UE is measuring at which time.
Observation 2 : Proposal 3alt does not work if different cells use different SCS due to the ambiguity that it is up to the UE which intrafrequency cells it measures in which SMTC.

At any rate if neighbour cells have an SSB with a different SCS than the serving cell SSB they are interfrequency neighbours.
We would also emphasize that the UE behavior needs to be 100% clear, i.e. if the UE chooses not to make use of a given SMTC for measurements it would still need to perform the associated SCS switch since the network otherwise does not know how to schedule the UE. If the UE behavior is not clearly specified then the implication is that the NW will be unable to schedule the UE at any rate, so the advantages of not using measurement gaps will be lost
On UE capabilities, we think that it would be beneficial that the network is aware of UEs that are able to measure and receive data with different SCS concurrently. Hence, we propose.

Proposal 4 : To implement proposal 3 or proposal 3alt, a UE capability to receive data and measure SSB concurrently with different SCS than the data would be needed. Especially for P3alt, UE behavior needs to be clearly specified
2. UE RX Beamforming

It is already agreed to use measurement gaps to allow UEs to switch the receive beam to measure in a different direction than the serving cell. The main discussion is about the applicability of measurement gaps, with proposals either to base this on UE capabilities, or to assume that all UE perform RX beamforming on mm-wave, and thus always use measurement gaps for intrafrequency measurements on mm-wave bands.

Our preference is for a UE capability, since there may be UEs even on mm-wave bands that do not perform beamformed measurements, or do not use analogue beamforming, or use a spare antenna panel to perform measurements. 
Proposal 5 : UE capabilities are defined to indicate whether UE needs measurement gaps to receive in a different spatial direction than the serving cell

In principle, such a capability would be band dependent. However, band dependent capabilities are likely to lead to a large signaling overhead. To simplify the capability, we propose

Proposal 6 : For sub 6GHz, all UE are assumed not to need measurement gaps to receive in a different spatial direction than the serving cell

This corresponds to not using an active antenna array below 6GHz

Proposal 7 : For mm wave band, UE indicate a single capability covering all supported mm wave bands whether they need measurement gaps to receive in a different spatial direction than the serving cell

3. RF retuning

We assume this case is relatively simple because it is very like the conventional use of measurement gaps in LTE, and it has already been agreed to use gaps for intra measurement in the case in NR. Measurement gaps are already used for cat M1 UEs in LTE.  One difference is that the gaps may also be needed for SSB based serving cell radio link monitoring, whereas this is performed on CRS in LTE. Our expectation is that SSB based RLM will be performed in the same gaps that mobility measurements are performed in.
Proposal 8 : Gaps are always needed for mobility measurements and RLM when the intrafrequency SSB is not within the active BW part.
4. Switching time

For the use cases RAN4 needs to analyze switching times. The following observations are provided
Observation 3 : Numerology switching should be much faster than retuning as long as the RF-BB sample rate does not need to be changed, since it corresponds to different baseband filtering and different FFT size

Observation 4 : Analogue beamforming switching should always be much faster than retuning.

Observation 5 : RF retuning could assume legacy 500us for switching
3. Conclusions

Proposal 1 : Interfrequency measurements are assumed to be performed with measurement gaps when the SSB to be measured is not within the active BW part

Proposal 2 : RAN4 further discusses interfrequency measurements when the SSB to be measured is within the active BW part.
Observation 1 : The network does not know if the UE is making intrafrequency measurements during a given SMTC/gap and if it is, which cell(s) are being measured

Proposal 3 : Measurement gaps are used for intrafrequency measurements for UE that are not capable of receiving mixed SCS in FDM manner if the data and SS block SCS is different. UE is expected to receive data except in measurement gaps

Or

Proposal 3alt : No measurement gaps are used for intrafrequency measurements for UE that are not capable of receiving mixed SCS in FDM manner if the data and SS block SCS are different. UE is expected to receive data using the same SCS as the SSB in a time window which corresponds to the SMTC of the serving and all intrafrequency neighbor cells.

Observation 2 : Proposal 3alt does not work if different cells use different SCS.

Proposal 4 : To implement proposal 3 or proposal 3alt, a UE capability to receive data and measure SSB concurrently with different SCS than the data would be needed. Especially for P3alt, UE behavior needs to be clearly specified
Proposal 5 : UE capabilities are defined to indicate whether UE needs measurement gaps to receive in a different spatial direction than the serving cell
Proposal 6 : For sub 6GHz, all UE are assumed not to need measurement gaps to receive in a different spatial direction than the serving cell
Proposal 7: For mm wave band, UE indicate a single capability covering all supported mm wave bands whether they need measurement gaps to receive in a different spatial direction than the serving cell

Proposal 8 : Gaps are always needed for mobility measurements and RLM when the intrafrequency SSB is not within the active BW part.

Observation 3 : Numerology switching should be much faster than retuning as long as the RF-BB sample rate does not need to be changed, since it corresponds to different baseband filtering and different FFT size

Observation 4 : Analogue beamforming switching should always be much faster than retuning.

Observation 5 : RF retuning could assume legacy 500us for switching
4. Conclusions

The paper makes some observations related to the motivation for additional measurement gap patterns in NR compared References
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