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1. Introduction
In RAN4#83, intra-frequency, inter-frequency, and inter-RAT measurements were discussed, and companies showed different views on the definitions [1]. It is important to clarify those concepts, since they are the basis for discussing UE measurement capabilities. However, the difficulty of the definitions is that, unlike in LTE, where the need of measurement gap has a simple correspondence with the concepts, i.e., generally, intra-frequency measurement does not need measurement gaps, while inter-frequency and inter-RAT measurements do. In NR, measurement gap can no longer be seen as one factor in defining the concepts, for some cases, intra-frequency measurement may require measurement gaps. 
In this contribution, we provide our views on the definitions of those concepts, and the main idea is to decouple the definitions with that of whether measurement gaps are needed or not. Based on the definitions, we then provide an analysis on the need of measurement gaps for certain cases.          
2. Discussion
2.1 Intra-frequency, inter-frequency, and inter-RAT measurement 
The definitions of those concepts should be from the gNB’s perspective, regardless of whether there is a need for measurement gaps at UEs. After all, necessity of measurement gaps depends on UE’s capabilities. Based on this point, so long as the measurement object uses the same RAT as the RF chain used for measurement, and has the same carrier frequency with that of the serving cells from the system’s point of view, the measurement is deemed as intra-frequency measurement. If the measurement object uses the same RAT, but has a different carrier frequency with any of the serving cells, it is considered as inter-frequency measurement. Finally, if the measurement object uses a different RAT, the measurement is inter-RAT. We use the following cases to illustrate the definitions.        
0. For NSA case, if the UE uses two RF chains for dual connectivity, with one chain for LTE, and the other for NR. Then we should take which RF chain is used for measurement into account in determining whether the measurement is intra-frequency, inter-frequency, or inter-RAT. For instance, if the to-be-measured frequency is an NR frequency, when the LTE chain is used for measurement, then the measurement is inter-RAT, on the other hand, when the NR chain is used for measurement, then the measurement is either intra-frequency or inter-frequency, depending on whether the to-be-measured NR frequency is the same with the serving NR frequency or not.  
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Figure 2.1-1 Intra-frequency measurement with bandwidth adaptation and wideband operation.   
0. For SA case, the definitions are the same as those for LTE, even with the concepts of bandwidth adaptation and wide band operation. For bandwidth adaptation, so long as the current serving cell is within the same band with the frequency to-be-measured from the gNB’s perspective, the measurement is intra-frequency. With this clarification, both UE1 and UE2 would conduct intra-frequency measurements in Figure 2.1-1, UE1 has the same carrier frequency with that of the to-be-measured wide band CC, hence is intra-frequency measurement. Although UE2’s carrier frequency is different from the carrier frequency of the wideband CC from the UE’s perspective, but from the gNB’s view, UE2’s current serving cell is in the same wide band as the carrier to-be-measured. This definition is quite similar to that for MTC measurement, where UEs need to retune to the center frequency of the wide band to do measurement. For wide band operation, whether the UE uses a single wide band CC or uses CA to aggregate several narrow band CCs are the same from the gNB’s perspective, so UE3 would also conduct intra-frequency measurement although it uses aggregated 4 CCs to support the wide band.

Proposal 1: Define intra-frequency, inter-frequency, and inter-RAT measurements from the gNB’s perspective, and decouple the definitions with discussions on the necessity of measurement gaps.      
2.2 Measurement gap 
With the definitions for intra-frequency, inter-frequency, and inter-RAT measurements in Section 2.1, measurement gaps can be discussed separately. In the following, we observe that the need of measurement gaps in NR can be different from that in LTE, in particular, measurement gaps may be needed for some intra-frequency measurement cases, and may not be needed for some inter-RAT cases.  
a. Intra-frequency measurement:
With the support of bandwidth adaptation in NR, several intra-frequency measurements need gaps. As shown in Figure 2.1-1, although UE1 has the same center frequency with the wide band CC, it needs to adjust the bandwidth in order to receive SS blocks for measurement, and according to [2], at least for sub6 GHz, the transition time could be up to 20 us, and measurement gap is necessary. UE2 needs to retune to the center frequency of the wide band, and the transition time can be 50~200 us [2], measurement gap is also required for UE2. If UEs can only support a narrow band, for instance, UE2 can only support a band part (BP) in Figure 2.1-1, then to obtain the SS block in BP1 or BP3, the serving cell could notify UE2 to change to BP1 or BP3, again, in this case, UE2 would change its carrier frequency and requires measurement gap.   
In addition, if Rx beamforming is employed at the UE side, since the Rx beamforming direction for measurement can be different from the Rx beamforming direction of the serving cell, there is the need to stop receiving from the serving cell if the received signal power is low, however, the UE can still transmit. 
Observation 1: In bandwidth adaptation scenarios, when the bandwidth of the UE is smaller than that of the to-be-measured band, intra-frequency measurements may need measurement gaps.
Observation 2: In bandwidth adaptation scenarios, when the carrier frequency of the UE is different from that of the to-be-measured band, intra-frequency measurements may need measurement gaps.  
Proposal 2: Do not preclude measurement gaps for intra-frequency measurement at the current stage. 
b. Inter-frequency measurement 
Since RF retuning is generally required in this case, the RF chain needs to stop transmitting and receiving in the current serving frequency, hence, measurement gap is generally necessary.   
c. Inter-RAT measurement
If different RATs are using different carrier frequencies, then measurement gaps are always needed. On the other hand, RAN4 should investigate whether the case where LTE and NR share the same carrier frequency exists, as shown by Figure 2.2-1. If this case exists, then it is possible that the UEs may not need measurement gaps for inter-RAT measurement. 
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Figure 2.2-1 LTE and NR share the same band and carrier frequency. 
Proposal 3: RAN4 needs to investigate whether there exists the case where LTE and NR share the same carrier frequency.  
3. Conclusions
In this contribution, we provided an analysis on the definitions of intra-frequency, inter-frequency, and inter-RAT measurements, then we discussed several cases where the need of measurement gaps is different from that in TS 36.133, specifically, intra-frequency measurement sometimes need measurement gaps while inter-RAT sometimes does not. We have the following proposal and observation for clarifying the definitions of the concepts:
Observation 1: In bandwidth adaptation scenarios, when the bandwidth of the UE is smaller than that of the to-be-measured band, intra-frequency measurements may need measurement gaps.
Observation 2: In bandwidth adaptation scenarios, when the carrier frequency of the UE is different from that of the to-be-measured band, intra-frequency measurements may need measurement gaps.  
Proposal 1: Define intra-frequency, inter-frequency, and inter-RAT measurements from the gNB’s perspective, and decouple the definitions with discussions on the necessity of measurement gaps.      
Proposal 2: Do not preclude measurement gaps for intra-frequency measurement at the current stage. 
Proposal 3: RAN4 needs to investigate whether there exists the case where LTE and NR share the same carrier frequency.  
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