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1. Introduction
In RAN1, there has been active discussion on bandwidth part (BWP). The motivation of introducing BWP is to consider a UE that is not capable of supporting carrier bandwidth, which is expected to be significantly wide in NR. We believe that identifying possible scenarios of each RAN2 feature under the consideration of BWP is beneficial to initiate discussion in an efficient manner. In this context, we focus on the following issue in this contribution:

· Scenarios in which measurement gap is needed when one or multiple BWPs are configured in a component carrier (CC)

2. Discussion
In general, measurement gap is required when a UE measures the quality of cells whose operating frequency is different from the current operating frequency. In LTE, the following scenarios are described to explain when measurement gap is required [1]:
---------- Text from 3GPP TS 36.300 V14.4.0 ----------
Whether a measurement is non-gap-assisted or gap-assisted depends on the UE's capability and the current operating frequency. In non-gap-assisted scenarios, the UE shall be able to carry out such measurements without measurement gaps. In gap-assisted scenarios, the UE should not be assumed to be able to carry out such measurements without measurement gaps. The UE determines whether a particular cell measurement needs to be performed in a transmission/reception gap and the scheduler needs to know whether gaps are needed:
· Same carrier frequency and cell bandwidths (Scenario A): an intra-frequency scenario; not measurement gap assisted.
· Same carrier frequency, bandwidth of the target cell smaller than the bandwidth of the current cell (Scenario B): an intra-frequency scenario; not measurement gap assisted.
· Same carrier frequency, bandwidth of the target cell larger than the bandwidth of the current cell (Scenario C): an intra-frequency scenario; not measurement gap assisted.
· Different carrier frequencies, bandwidth of the target cell smaller than the bandwidth of the current cell and bandwidth of the target cell within bandwidth of the current cell (Scenario D): an inter-frequency scenario; measurement gap-assisted scenario.
· Different carrier frequencies, bandwidth of the target cell larger than the bandwidth of the current cell and bandwidth of the current cell within bandwidth of the target cell (Scenario E): an inter-frequency scenario; measurement gap-assisted scenario.
· Different carrier frequencies and non-overlapping bandwidth, (Scenario F): an inter-frequency scenario; measurement gap-assisted scenario.
· Same carrier frequency, the operating frequency of the bandwidth reduced low complexity (BL) UE or the UE in Enhanced Coverage is not guaranteed to be aligned with the center frequency of the current cell (Scenario G): an intra-frequency scenario; measurement gap assisted scenario.
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Figure 10.1.3-1: Inter and intra-frequency measurements scenarios

--------------------
Although RAN2 has not made any agreements on the measurement gap in NR, it is expected that the measurement gap in LTE can be used as a baseline. One issue we need to consider is the impact of BWP on the measurement gap in NR. According to the RAN1 agreements, the bandwidth of a BWP equals to or is smaller than the maximum bandwidth capability supported by a UE, which is herein denoted by BWUE. Furthermore, a BWP may or may not contain SS block. Hence, we need to investigate how the existence or the absence of SS block in a BWP has an impact on the design of measurement gap.
2.1 Measurement gap for synchronization with a serving cell
Fig. 1 shows one CC that consists of three BWPs. BWP 2 includes SS block in its bandwidth while BWPs 1 and 3 do not include SS block. In this situation, we can consider the following two cases:
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Figure 1 BWPs with and without SS block
1) We first consider the case where a UE is active in BWP 2 where SS block exists, as illustrated in Fig. 1(a). Then, even if measurement gap is not configured, the UE can perform Tx/Rx of control/data/reference signals (e.g., PDCCH/PDSCH/CSI-RS) while performing synchronization by measuring SS block in the active BWP.
2) Next, we consider the case where a UE is active in BWP 1 where SS block does not exist, as illustrated in Fig. 1(b).
A. If BWUE is equal to or larger than the bandwidth of BWP 1 + BWP 2 (i.e., the active BWP + the BWP with SS block), measurement gap is not needed for the UE to measure SS block for synchronization while performing Tx/Rx of control/data/reference signals in the active BWP.
B. If BWUE is just as large as the bandwidth of BWP 1, measurement gap is needed for the UE to measure SS block in BWP 2 for synchronization. Without the measurement gap, the UE will experience the interruption time when its RF module is switched from BWP 1 to BWP 2.
Observation 1: For the purpose of synchronization, measurement gap is needed if (a) a UE operates in a BWP without SS block and (b) the UE’s bandwidth is smaller than that including the active BWP and SS block.
2.2 Measurement gap for neighbor BWP measurements
We now consider a UE that performs neighbor BWP measurements. Note that the neighbor BWP herein means any BWP that is different from the active BWP of the UE. For easy discussion, we have the following assumptions:
· The UE is currently active in BWP 2 in a serving cell where SS block exists.
· The neighbor BWP that the UE is configured by the gNB to measure can be a BWP in a serving cell or neighbor cells.
· We assume that each BWP includes CSI-RS in its bandwidth for the purpose of measurements.
Under these assumptions, we can consider the following three cases, as shown in Figs. 2, 3 and 4.

1) The UE that is active in BWP 2 is configured to measure the neighbor BWP 1 (in a serving cell or neighbor cells) where SS block exists. If BWUE is smaller than the bandwidth of BWP 2 + BWP 1 (i.e., the active BWP + the neighbor BWP to measure), it is obvious that measurement gap is needed for the UE to measure SS block and CSI-RS in the neighbor BWP 1.
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Figure 3 Neighbor BWP measurement: Case 1
2) The UE that is active in BWP 2 is configured to measure the neighbor BWP 1 (in a serving cell or neighbor cells) where SS block does not exist. In this case, the UE can be synchronized with the neighbor BWP 1 without measurement gap since the SS block for that BWP is located in the same bandwidth as the active BWP. However, in order to measure the CSI-RS in the neighbor BWP 1, measurement gap is anyhow needed, if BWUE is smaller than the bandwidth of BWP 2 and BWP 1.
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Figure 4 Neighbor BWP measurement: Case 2
3) The UE that is active in BWP 2 is configured to measure the neighbor BWP 2 (in a neighbor cell) where SS block does not exist. In this case, the UE can measure the CSI-RS in the neighbor BWP 2 without measurement gap since it is transmitted in the same bandwidth as the active BWP. However, in order to be synchronized with that cell, measurement gap is anyhow needed so that the UE can receive the SS block in the neighbor BWP 1 of the neighbor cell.
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Figure 5 Neighbor BWP measurement: Case 3
Observation 2: For the purpose of neighbor BWP measurements, measurement gap is needed if the bandwidth of a UE is smaller than that including (a) the active BWP and the SS block for the active BWP and (b) the neighbor BWP to be measured and the SS block for the neighbor BWP.
Based on the discussion so far, we have the following proposals.

Proposal 1: RAN2 is first required to identify the scenarios where measurement gap is needed when multiple BWPs are configured in a cell.

Proposal 2: The measurement gap in NR should be designed considering not only the typical RRM measurements but also the BWP operations such as synchronization and neighbor BWP measurements.
3. Conclusion

Observation 1: For the purpose of synchronization, measurement gap is needed if (a) a UE operates in a BWP without SS block and (b) the UE’s bandwidth is smaller than that including the active BWP and SS block.
Observation 2: For the purpose of neighbor BWP measurements, measurement gap is needed if the bandwidth of a UE is smaller than that including (a) the active BWP and the SS block for the active BWP and (b) the neighbor BWP to be measured and the SS block for the neighbor BWP.
Proposal 1: RAN2 is first required to identify the scenarios where measurement gap is needed when multiple BWPs are configured in a cell.

Proposal 2: The measurement gap in NR should be designed considering not only the typical RRM measurements but also the BWP operations such as synchronization and neighbor BWP measurements.
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