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Introduction
In RAN1 #90bis, the following agreements were made:
Agreements:
· For a SS-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement
· For a CSI-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement
· It is up to UE implementation how to select a set of RX beams to perform RRM measurement on a carrier
· Different sets of RX beams can be used in measurements based on different measurement objects
· Same set of RX beams shall be used in measurement of each TX beam based on a measurement object
· FFS
· Alt.1: Measurement to be reported shall be greater than average of measurements based on each RX beam in the selected set
· Alt.2: Measurement to be reported shall be the best among measurements based on each RX beam in the selected set
Other alternatives are not precluded
Agreements:
· Candidate value(s) for SMTC window duration
· At least 1ms, 5 ms are supported
· FFS other values

Agreements:
· At least for inter-frequency measurement, SS block based RSSI measurement resource(s) is confined within at most the measurement gap duration, e.g., 6 msec
· At least for inter-frequency measurement, SS block based interference measurement resource(s) is confined within at most the measurement gap duration, e.g., 6 msec

Moreover, RAN2 concluded at the RAN2 #99 meeting that RAN2 “will wait for RAN4 to provide us with information before we progress with measurement gaps” [1].
In this paper, we discuss the aspects of measurement gaps, and in particular, where and how we believe the discussion shall continue. This is a revision of R1-1718721.
[bookmark: _Ref178064866]Discussion
There are many different reasons for considering configuration of measurements gaps. The measurement gaps are needed when the UE transceiver is needed for measurements and cannot be used for downlink reception nor uplink transmission. Therefore, the measurement gaps will deprive the spectrum utilization and should be minimized.
The traditional scenario in which measurement gaps are considered is to enable inter-frequency and inter-RAT measurements for mobility. For NR inter-frequency measurements, the measurement gaps should match configured NR SMTC window duration of the considered carrier(s):  obviously, the measurement gap must include any signals the UE should measure on. For inter-RAT measurements, the measurement gaps need to match at least synchronization signals and physical cell identifiers of the other RAT, in some situations even more, such as PBCH. In LTE, there is also the possibility to configure autonomous gaps, which allows the UE to prioritize certain measurements over regular transmission and reception.
A similar situation is when the NR UE is configured for LTE positioning measurements, which is supported for NR Rel. 15. These measurements can be both LTE RSRP and RSRQ as well as LTE positioning reference signals measurements. A reasonable measurement gap baseline is what was introduced in LTE Rel. 9.
Yet another situation where measurement gaps are needed is for limited bandwidth NR devices and NR carriers configured with multiple SSBs in different parts of the carrier bandwidth. Such devices may need a configured measurement gap in order to measure on an SSB at a different than current part of the frequency carrier.
Then, there is also the issue with UE Rx beam sweeping. As was analysed in [2] for (1) when the UE can use serving cell timing to derive the index of the SS block transmitted by the neighbour cell and (2) when the UE cannot do that. In (1), the UE can retrieve data in OFDM symbols not allocated to neighbour cell SSBs and may do without a configured measurement gap, while in (2), it is reasonable to configure a measurement gap corresponding to the SMTC of the neighbour cell. However, the actual need for a measurement gap in this case also depend on the UE Rx transceiver and beamformer design and configuration. For example, it is likely that UE receivers will be soon be fully digital, also for mmW. Another alternative is that the UE is equipped with an extra low-complexity receiver to perform measurements.
Furthermore, the measurement gaps need to be configured in the UE by the serving gNB. The configuration may concern measurements of signals at a single neighbor cell, but it may also concern an aggregated need concerning signals from multiple cells, frequencies, RATs etc. Basically, the configuration would imply roughly the following steps, separated into three categories:
· Inter-f/RAT measurements, intra carrier multi SSB measurements
· UE indicates need for gaps (at some point in time such as already at first attach when sharing capabilities via RRC)
· gNB uses information about when neighbor signals can be measured in time and uses the information when determining the measurement gap
· gNB configure the measurement gap as part of measurement configuration
· Intra-f, Rx beam sweeping UE
· UE indicates need for intra-frequency gaps due to Rx beam sweeping, also whether it is able to measure SSB at some OFDM symbols with one Rx beam, while receiving PDSCH/PDCCH with a different Rx beam (at some point in time such as already at first attach when sharing capabilities via RRC)
· gNB uses information about when neighbor signals can be measured in time, AND whether the neighbor is in time synch with serving. It uses the information when determining the measurement gap
· gNB configure measurement gap as part of measurement configuration
· LTE positioning
· UE indicates start of a need of measurement gap for inter-f/RAT positioning reference signal measurement via RRC, including PRS configuration info
· gNB uses LTE PRS config and determines measurement gap
· gNB configures measurement gap with the UE on for the purpose of LTE PRS measurements

Considering all different aspects and different needs in different scenarios of measurement gaps, it is clear that aspects regarding measurement gaps are quite RAN2 and RAN4-centric.

[bookmark: _Toc494747635][bookmark: _Toc498697891]Issues regarding measurement gaps are very RAN2 and RAN4-centric.
Moreover, the precise need for measurement gaps in case of the intra-frequency measurements also depends on the UE Rx architecture and implementation details.
[bookmark: _Toc494747636][bookmark: _Toc498697892]The need for measurement gaps will vary depending on UE receiver architectures.
Also, it is clear from the above analysis that there are more aspects than only the SMTC window duration to consider when agreeing upon measurement gaps. In particular it is highly relevant to keep measurement gaps short to minimize service interruptions.
[bookmark: _Toc494747637][bookmark: _Toc498697893]Measurements gaps need to be defined separately from the SMTC window.
[bookmark: _Toc494620962][bookmark: _Toc494747657][bookmark: _Toc498697894][bookmark: _Toc492554353][bookmark: _Toc492554531]Functionality regarding measurement gaps required to handle UE Rx beam sweeping should be discussed and defined in RAN4 and RAN2.
Hence, the discussion about measurement gaps should be handled in RAN4 and RAN2. Now, in [3], the issue about RRM measurements without measurement gaps was raised, and again referring to the Rx beam sweeping case. When no measurement gap is configured, the UE must be able to decode PDCCH basically in any slot, and if scheduled, the UE is also required to receive PDSCH. Clearly, this may present a problem for a UE that utilizes an analog Rx beamformer.  There are clearly different solutions to the problem, but they are related to the intra-frequency mobility requirements. Clearly, this is also a RAN4 topic. Hence, we propose
[bookmark: _Toc498697895]Performance of intra-frequency measurements without measurement gaps should be handled by RAN4.
Conclusions
In this contribution, we made the following observations:
Observation 1	Issues regarding measurement gaps are very RAN2 and RAN4-centric.
Observation 2	The need for measurement gaps will vary depending on UE receiver architectures.
Observation 3	Measurements gaps need to be defined separately from the SMTC window.

We make the following proposal:
Proposal 1	Functionality regarding measurement gaps required to handle UE Rx beam sweeping should be discussed and defined in RAN4 and RAN2.
Proposal 2	Performance of intra-frequency measurements without measurement gaps should be handled by RAN4.
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