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Introduction
In the RAN4#83 meeting, RAN4 had some initial discussion on measurement gap for NR. In NR, the design of measurement gap is expected to be used for inter-frequency and inter-RAT measurements. The related discussion was captured in WF [1].

	1.5   Measurement gaps
· Companies may evaluate further the scenarios where measurement gaps are needed for measurements eg interfrequency measurements, intra-frequency measurements, interRAT measurements
· Further analysis is needed on suitable measurement gap pattern(s) for NR measurements and scenarios in which gaps are needed



In this contribution, we further discuss on the scenarios where measurement gaps are needed for measurements and the impact on the concept of measurement gap, particularly for NSA operations.
Discussion
In LTE, the measurement gaps are configured for inter-frequency and inter-RAT measurement. And in order to guarantee that a neighbour cell can be detected regardless of its relative timing to the serving cell and considering the RF retuning and settling time, 6ms measurement gap length is specified. 
In NR, it is straight-forward that the measurement gaps are expected to used for inter-frequency and inter-RAT measurement and the similar approach can be used as in LTE, although for NR NSA operation, it may be possible for an NSA UE to operate without performing inter-frequency measurements depending on deployment. 
Since the flexible channel bandwidth was supported in NR, the UEs should be able to operate on a part of the gNB channel bandwidth. As consequence, the serving cell bandwidth is not always the same with UE channel bandwidth. If the bandwidth of target neighbour cell is subset of the serving cell or the target neighbour cell and the serving cell are in the same frequency band, measurement gaps are needed to allow UE to perform intra-frequency neighbour cell measurements. Take figure 1 as an example, the maximum channel bandwidth supported by the gNB/serving cell is 400MHz, and the UE maximum bandwidth is 100MHz, thus, the UE operates on a part of the gNB channel bandwidth, e.g. subchannel 2. If UE needs to perform intra-frequency cell measurements on other subchannel, e.g. subchannel 4, the measurement gaps may be needed to allow UE perform this measurement.


Figure 1: Intra-frequency scenario in NR
Proposal 1: RAN4 should start to study intra-frequency measurement gap for NR.

For NR, the necessary duration of measurement gap shall be consisted of the aspects as follows:
Measurement gap length = RF switching time + Detecting time window + Timing settling time + propagation delay

The measurements are based on SS burst, and for SS burst based measurements, the SS burst set periodicities being considered are {5, 10, 20, 40, 80, and 160} ms. Since RAN1 reached the agreement on SS burst and SS burst set period, which was summarised as follows:
· SS burst Set Period
· Initial cell selection: 20 msec
· if Network assistance information (NAI) is available, configurable {5, 10, 20, 40, 80, 160} msec (for CONNECTED/IDLE)
· If NAI is not available, 5 msec
For initial cell selection and non-availability NAI case, the SS burst set periodicity is 20ms and 5ms, respectively. Assuming that the value of RF switching time, timing settling time and propagation delay is the same as LTE, the measurement gap pattern can be determined as 21ms and 6ms, respectively. 
For available NAI case, the SS burst set length can be configured as {5, 10, 20, 40, 80, 160} ms. Different length of measurement gap pattern could be defined with different SS burst set length. In last RAN1#89 meeting, RAN1 agreed that the transmission of SS blocks within SS burst set is confined to a 5ms window regardless of SS burst set periodicity. The related agreement [2] is copied as follows:
	Agreements: 
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4 
· For frequency range from 3 GHz to 6 GHz, L is 8 
· For frequency range from 6 GHz to 52.6 GHz, L is 64 
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements



In order to facilitate NR measurement gap design, the NAI should include the SS block position information. If UE knows the SS block position information in term of subframe during the SS burst set period, the 6ms measurement gap could be used to detect the neighbor cell  regardless of its relative timing to the serving cell and considering the RF retuning and settling time.
Proposal 2: It is proposed to investigate the definition of NAI when introducing measurement gap pattern for NR.

Proposal 3: Considering the factors as follows for measurement gap length
· RF switching delay
· SS burst set periodicity
· Timing settling delay
· Propagation delay
· Definition of NAI
Conclusions
In this contribution, we further discussed the measurement gaps for NR. We proposed RAN4 should introduce the measurement gap for intra-frequency cell measurement and investigated some impact factors on the concept of measurement gap, particularly for NSA operations. The proposals are made as follows:
Proposal 1: RAN4 should start to study intra-frequency measurement gap for NR.
Proposal 2: It is proposed to investigate the definition of NAI when introducing measurement gap pattern for NR.
Proposal 3: Considering the factors as follows for measurement gap length
· RF switching delay
· SS burst set periodicity
· Timing settling delay
· Propagation delay
· Definition of NAI
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