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Discussion on how to define the RRM requirements for NR is ongoing for a few meetings. In NR, the definitions of intra-frequency and inter-frequency need further discussion because the SS block is not located in the middle of the channel as was the case in LTE. In the WF agreed in [1], further input on the definition of intra-frequency and inter-frequency is sought. In this paper we discuss this topic.
2. 	Discussion
In LTE the definition of intra-frequency and inter-frequency was based on whether the neighbor cell had the same center frequency as the serving cell or not. In NR, there are a few design principles that lead to multiple scenarios that need to be considered. These basic principles are:
1. Sync block can be placed anywhere within the channel
2. The UE operating bandwidth can be narrower than the serving cell operating bandwidth and the UE can operate anywhere within this channel.
Based on these principles, there are multiple possibilities in terms of where the SS blocks are transmitted relative to the UE operating bandwidth. These are shown in Figure 1. In [1], the serving cell and neighbor cell center frequencies are also listed as possible parameters for defining intra and inter-frequency, however, we believe that center frequencies of cells are not relevant and, hence, are not considered here. The discussion below is assuming that UEs use omni antennas and can measure all cells transmitting SS blocks on the same frequency. 
[image: ]
Figure 1. Scenarios for transmission of SS blocks
The scenarios in Figure 1 can be categorized as follows:
a) Serving cell SS block can be outside the UE operating bandwidth (only block 5 is transmitted)
b) Neighbor cell SS block can fall within the UE operating bandwidth and aligned with serving cell SS block (SS block 2)
c) Neighbor cell SS block can fall within UE operating bandwidth but not aligned with serving cell SS block (SS block 3)
d) Neighbor cell SS block can fall outside UE operating bandwidth (SS block 4)
Based on these scenarios, the relationship between intra-frequency, inter-frequency and measurement gaps is as follows. 
1. Intra-frequency, no gaps needed -> serving cell and neighbor cell SS block overlap and are within the UE operating bandwidth - SS blocks 1 and 2 in Figure 1
2. Intra-frequency, gaps needed -> SS block of serving cell (and possibly neighbor) is outside the UE operating bandwidth – SS block 5 (and possibly 6) in Figure 1
· This case could also be referred as inter-frequency even though the serving cell is being measured
3. Inter-frequency, gaps not needed ->SS block of neighbor cell is not aligned with serving cell SS block but is within the UE operating bandwidth – SS block 3
· Even though the SS block is within the UE operating bandwidth, whether the UE can perform measurements on different frequencies (for example parallel measurements on f1 and f3) depends on the UE capability. Baseline assumption should be that the UE can only perform measurements in one frequency location at a time and measurement delays should be scaled
4. Inter-frequency, gaps needed -> SS block of neighbor cell is not aligned with serving cell SS block and is outside UE operating bandwidth – SS block 4
Considering the above scenarios, there will likely be a need to categorize the measurements based on both intra-frequency and inter-frequency (whether the measurement is on the serving cell or not), and whether gaps are needed or not. For example, case 2 above(intra-frequency with gaps) might be given a higher priority compared to case 3.
For measurements in frequency bands in which the UEs are using directional antennas it is very likely that measurement gaps will be needed irrespective of where the SS blocks are transmitted relative to the UE bandwidth. In order for the UEs to be able to find cells that are received from different directions, it would have to re-tune its Rx beam to another direction and would have to temporarily interrupt the communication with the serving cell. These aspects require further RAN4 discussion.
3. 	Conclusion
In this paper we presented a brief analysis of possible definition of intra-frequency and inter-frequency measurements. 4 different scenarios were identified for intra and inter-frequency, with or without a need for measurement gaps. For frequency bands in which active antennas are not used, measurements will have to be categorized based on both intra and inter-frequency( whether the measurement is on the serving cell or not), and the need for measurement gaps. 
Further discussion on need for gaps is needed for the frequency bands in which active antennas are used and UEs will have to interrupt the communication with the serving cell to search for cell that are received from different directions. 
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