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1 Introduction
The measurement capability has been discussed in RAN4-NR-AH#2, and the focuses are 

· Number of inter-frequency layers UE should be able to monitor

· Number of cells per frequency layer UE should be able to monitor 

During the discussion, it was identified that before agreeing on the exact number of inter-frequency layers, RAN4 needs to first agree on the definition of intra- and inter-frequency measurement. As a results, following agreements were made as captured in the RRM WF [1].
	· Clarity is needed on the intra/interfrequency definition used for eg categorizing measurement objects for measurement capabilities requirements, categorising measurement objects for delay/accuracy requirements, categorising measurement objects for event evaluation, measurement grouping at different measurement occasions, etc

· Consideration may also be given to more than 2 categorisations between intrafrequency/interfrequency,. One example would be intrafrequency measurements that are performed without retuning, intrafrequency measurements that are performed with retuning, interfrequency measurements that are performed without retuning, and interfrequency measurements that are performed with retuning . Interested companies may study naming and definirions of measurement categories.

· As a next step consider what is the reference for intrafrequency SS block based measurement objects

· Option 1 : Same SS block centre frequency location for serving cell and target cell

· Option 2 : Same gNB transmission centre frequency for serving cell and target cell

· Option 3 : SS block can be measured without retuning UE RF or measurement gap

· Option 4 : Other referece

· Finally, the intra/interfrequency definition also may conisder CSI-RS based measurements

· For NR measurement capability, it was agreed: there will be no NR FDD/TDD differentiation in the number of carriers to be monitored.

· Interested companies should evaluate further the minimum requirements on number of interfrequency and interRAT layers to monitor

· Interested companies should evaluate further he methodology for determining capability for number of cells, number of beams etc to measure:

· Serving cell
· Non-serving cells (neighbour cells) 


In this paper, we will provide our views on measurement categorization for NR. 
2 Discussion 
In LTE, measurements are categorized into intra- and inter-frequency. 
As the PSS/SSS is always transmitted by the cell in the central 6-PRB, UE would be able to measure all the cells that have the same centre frequency as the serving cell at the same time when UE measures serving cell. As a result, measurement on the frequency of the serving cell is defined as intra-frequency in 36.300. As UE is required to operate in the full cell BW, intra-frequency measurement can be performed without need for re-tuning the UE RF (except for UE in narrow band mode). 

On the other hand, measurement on a different frequency than that of the serving cell is defined as inter-frequency. UE is assumed to re-tune its RF chain in order to measure such carrier frequencies, and that leads to the introduction of measurement gaps. Even UE indicates its RF capability that gaps are not needed for measuring carrier frequencies in certain band, when defining the measurement performance, these requirements are aligned with gap assisted measurements. Requirements are defined on the number of inter-frequency carriers UE should be able to monitor.
In summary, in LTE one categorization of intra- and inter-frequency is defined, and many attributes of the measurement requirements are coupled with this categorization, as illustrated in Table 1. In LTE, intra-frequency measurements were considered highest priority when the design and requirements were developed. Inter-frequency measurement were at that time considered second priority and to be activated only when necessary due to lack of intra-frequency coverage or load balancing (later).
Table 1: Coupling of different measurement attributes with intra- and inter-frequency in LTE
	
	Serving cell measurement 
	RF re-tuning 
	Measurement performance 
	Capability 

	Intra-frequency 
	At the same time
	Not needed
	Good, since it can be measured independently. Highest priority
	Always required. UE shall be able to monitor a minimum number of intra-frequency cells. 

	Inter-frequency 
	Not at the same time
	Needed, at least assumed for performance requirement 
	Not as good as intra-frequency, since it has to share the gaps with other inter-frequency carriers. Second priority.
	UE is required when configured by the network. UE monitors up to [X] inter-frequency carriers


In NR, there are there are many changes in the initial access design, which require a re-visit to the measurement categorization. The cell search is based on SS-block (SSB), which is similar to the PSS/SSS in LTE. However, the location of SSB is not fixed as in LTE but can be quite flexible, i.e. it can be anywhere in the cell BW, and there may be multiple SSBs transmitted at the same time from the cell. Also, UE is not required to always operate in the full cell BW; instead, the concept of BW part (BWP) is introduced in RAN1, which means UE can be operating in any subset of the cell BW.
With NR initial access design the different measurement attributes are not always coupled with intra-/inter-frequency. For example, as in Figure 1(a) a neighbour cell with same centre frequency as the serving cell may not be measurable at the same time as serving cell as the SSBs are not co-located in frequency, and depending on UE operating BW, measurement on serving or neighbour cells may require RF re-tuning. On the other hand, as in Figure 1(b), a neighbour cell with different centre frequency than the serving cell may be measurable at the same time as serving cell, or does not require re-tuning to be measured as the SSBs are co-located in frequency.
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(a) Cells with same centre frequency but different SSB      (b) Cells with different centre frequency but same SSB

Figure 1: Examples of cell centre frequency and SSB in NR
As can be seen, measurement attributes cannot be simply mapped from intra-/inter-frequency based on cell centre frequency as in LTE. On the other hand, different measurement requirements are based on different attributes, so it is clear that this single categorization is not suitable for NR.

Observation: Single categorization of measurements into intra- and inter-frequency measurements based on cell centre frequency (as in LTE) is not suitable for NR.

Next, we will discuss what categorizations are needed from RRM requirements point of view. 

The requirement on the number of carrier frequencies to monitor is related to intra- and inter-frequency. The motivation of the requirement is that cells may be deployed on multiple carrier frequencies, and UE should be able to search and measure cells on a certain number of carriers than the serving carrier for mobility purpose. In this sense, there is still a need to differentiate measurement on the same carrier frequency as the serving cells (intra-frequency) and on different carrier frequencies than the serving cell (inter-frequency). 

The requirement on the measurement performance is impacted by whether RF re-tuning is needed. If re-tuning is needed, the measurement is assumed to be taken place in measurement gaps, and the gaps are shared among measurements on multiple carrier frequencies, so the performance (delay) will be scaled with the number of carriers. If re-tuning is not needed, constant measurement performance can be expected no matter if measurements are carried on other carrier frequencies.   
We see at least these two measurement categorizations are needed, in order to properly define requirements on number of carrier frequencies to monitor and on measurement performance for NR.

Proposal 1: Two measurement categorizations are defined for NR.

· Intra-frequency and inter-frequency measurements 

· Measurements with re-tuning and without re-tuning 
On categorizing intra- and inter-frequency, there were some proposals in RAN4-NR-AH#2. For example, some companies proposed to define intra- and inter-frequency based on the centre frequency of the cell BW, same as in LTE; some companies proposed to define intra- and inter-frequency based on the SSB frequency.

In our view, it is the SSB frequency that is relevant to measurements in NR. Typically, UE is only aware of the SSB frequency that it should measure, but UE does not know the cell BW information from the SSB frequency. For example, in Figure 1(a), UE is not expected to know the two cells have the same centre frequency or BW when given the two SSB frequencies, at least for measurement purpose. Therefore, the intra-/inter-frequency definition should be based on SSB frequency. 

A further problem is when multiple SSBs are transmitted from the cell. In RAN4-NR-AH#2, some companies proposed [2] that when the current and target cell has at least one SSB at the same frequency, the target cell are regarded as intra-frequency. The proposal is about determining if a neighbour cell is intra- or inter-frequency cell, but it does not clearly define if measurement on a specific frequency is intra- or inter-frequency. For example with Figure 2, if measurement is performed on frequencies of SSB1 and SSB2 of the neighbour cell, we need to define which is intra- and which is inter-frequency.  
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Figure 2: Examples of multiple SSBs in cell BW
Also, the proposal in [2] is based on the assumption that all SSBs are always transmitted by the cell. In our understanding, there should be a default BWP for all UEs in the cell, including Idle and Connected UEs, and this BWP would contain a default SSB common for all UEs. 
Proposal 2: A default SSB is defined per cell.
The default SSB would be broadcasted and it is where Idle UEs see the cell, while for Connected UEs network may transmit other additional SSBs on need basis. In light of this, the categorization of intra-/inter-frequency measurement should be based on the default SSB of the serving cell, but not any SSB transmitted from the serving cell. 
Proposal 3: Measurement on the frequency of the default SSB of the serving cell is categorized as intra-frequency measurements, and measurements on other frequencies are categorized as inter-frequency measurements.
On categorizing measurements with or without re-tuning, the way forward should be clear. It is straightforward that re-tuning is needed or assumed to be needed only when the frequency to be measured is outside the UE operating BW, no matter it is intra- or inter-frequency.

For inter-frequency measurement where the SSB frequency of neighbour cell is different than the serving cell SSB, but is part of UE operating BW, one may consider this is with re-tuning in LTE. In 36.300, a measurement scenario like shown in Figure 2 is regarded as with re-tuning, since UE is assumed to use a narrow band FFT for cell search. For NR, we believe different UE implementation options need to be considered to reduce the cases where gaps are required. For example, UE can adjust in baseband domain the frequency of the searcher FFT thus avoiding the need to re-tune RF. 
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Figure 2: Examples of inter-frequency measurement without re-tuning
Proposal 4: The measurement on a SSB frequency does not require RF re-tuning if the SSB frequency is included in the UE operating BW, otherwise the measurement requires RF re-tuning. 

Once the categorizations of measurement and their definitions are clarified, RAN4 can start to discuss the exact requirements on the number of carriers to monitor and the measurement delay.
3 Conclusions 

In this paper, we provided our views on the measurement categorization in NR.

Proposal 1: Two measurement categorizations are defined for NR.

-
Intra-frequency and inter-frequency measurements 

-
Measurements with re-tuning and without re-tuning
Proposal 2: A default SSB is defined per cell.
Proposal 3: Measurement on the frequency of the default SSB of the serving cell is categorized as intra-frequency measurements, and measurements on other frequencies are categorized as inter-frequency measurements.
Proposal 4: The measurement on a SSB frequency does not require RF re-tuning if the SSB frequency is included in the UE operating BW, otherwise the measurement requires RF re-tuning.
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