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1. Introduction

This contribution deals with mechanisms for measurements for intrafrequency RX beamforming and intrafrequency measurements with mixed numerology where the UE does not have capability to receive both SCS concurrently. From the way forward [2]:

	· 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
· To do in RAN4#85: study mechanisms on how to handle intra-frequency with no RF-retuning in both FR1 and FR2


2. Discussion

We begin by reviewing the relationship between gap pattern and SMTC for measurements where it is already agreed to use measurement gap, such as interfrequency measurements or intra-frequency measurements with RF retuning. In such cases the UE will be provided with both a gap pattern and SMTC configuration(s). The role of these is as follows

(1) Gap pattern: This indicates an agreement between UE and network when measurements may be performed, such that the UE is not expected to receive PDCCH/PDSCH, and required not to transmit uplink. Hence, the gaps can be thought of as opportunities for measurement. Whether a particular gap can be used to measure a particular measurement object/cell depends on the SMTC configuration for that measurement object/cell. Time for switching is also allowed for within the gap pattern 

(2) SMTC configuration: This indicates that a time window where UE should expect transmission of an SS block for a particular cell or measurement object. If measurement gaps are needed for the measurements then the UE will primarily follow the gap configuration (i.e. it is not expected to receive SS blocks outside of gaps less switching time, if gaps are needed). The SMTC configuration may impose further conditions such as the measurement ordering in case multiple layers are to be monitored – i.e. if a particular gap does not coincide with the SMTC of a certain frequency layer or cell then the UE cannot use that gap for measurements of the frequency layer where there is no SMTC, and may as well measure a different layer or cell.

For beamforming and mixed numerology measurements, it was discussed in RAN4#84bis that the SMTC configuration could be used as an “implicit” gap pattern for measurements of mm-wave objects (where RX beamforming is always assumed to be performed) or intra-frequency targets with different SSB numerology than the serving cell data numerology.
One of the motivations that was discussed for doing this is that the switching time is expected to be less for RX beamforming and numerology switching. While practical switching times could still be discussed, if they are very short (e.g. shorter than an NR CP length), switching could be possible without incurring further data loss from the switching.

Another aspect which has been less thoroughly discussed is the role of per UE/per FR gaps as an interruption control mechanism. Since per UE or per FR gaps necessarily interrupt all RF operations for the UE or frequency range, it is then not necessary to consider interactions between the RF chain or RF chains where gaps apply in the measurements.

Before concluding on SMTC based implicit gaps, it would be good to understand the potential interruption scenarios for RX beamforming and numerology switching. For RX beamforming, at least for interband CA/DC scenarios the UE would need to have RX antenna arrays such that it could beamform independently in different directions, since it cannot assume that interband CA/DC cells are collocated. Similarly, for interband CA/DC we think that there should be separate RF chains and iFFTs for each CC, such that numerology switching on one CC does not have impact to another CC.

For adjacent intraband CA/DC scenarios our assumption is that the same antenna array and/or RF chain may be used for reception. This would mean that under numerology switching or RX beamforming switching in an SMTC, the UE could not be   scheduled on any intraband CC during the time corresponding to the SMTC on one CC.
Finally, we discuss measurement requirements for SMTC based implicit gaps. Since the network cannot schedule the UE during any of the SMTC, our view is that the requirements should assume that the UE makes use of all SMTC for measurements. For example, if the requirements only assumed that UE used every 2nd SMTC for measurements, the network would have no knowledge of which SMTC is being used, and would anyway need to avoid scheduling the UE in any SMTC. In such a scenario, a gap based solution would most likely be more efficient.
To conclude on the use of SMTC implicit gaps for Rx beamforming and numerology switching it is therefore proposed that

Proposal 1: SMTC implied gaps would be useful if switching time for RX beamforming or numerology switching is small (e.g. switching time << OFDM symbol) 
Proposal 2: SMTC implied gaps for RX beamforming or numerology switching should be only on the component carrier for which the SMTC applies for interband dual connectivity or carrier aggregation

Proposal 3: Impact of SMTC implied gaps for RX beamforming or numerology switching should be discussed for intraband carrier aggregation or dual connectivity.

Proposal 4: RRM requirements developed for SMTC implied gaps should assume that the UE makes use of all SMTC for cell identification or measurements
Generally, it appears beneficial to use SMTC implied gaps for RX beamforming measurements on FR2 and for gaps needed for numerology switching. However, the topics raised in proposals 1-4 should be discussed further before concluding on the final solution. In the end, the main benefit seems to be to avoid defining additional gap patterns for cases where switching can be performed significantly faster than RF retuning gaps.
3. Conclusion
Generally, it appears beneficial to use SMTC implied gaps for RX beamforming measurements on FR2 and for gaps needed for numerology switching. However, the topics raised in proposals 1-4 should be discussed further before concluding on the final solution.
Proposal 1: SMTC implied gaps would be useful if switching time for RX beamforming or numerology switching is small (e.g. switching time << OFDM symbol) 

Proposal 2: SMTC implied gaps for RX beamforming or numerology switching should be only on the component carrier for which the SMTC applies for interband dual connectivity or carrier aggregation

Proposal 3: Impact of SMTC implied gaps for RX beamforming or numerology switching should be discussed for intraband carrier aggregation or dual connectivity.

Proposal 4: RRM requirements developed for SMTC implied gaps should assume that the UE makes use of all SMTC for cell identification or measurements
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