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1. Introduction

Definitions of intra and inter frequency measurement in NR were widely discussed in previous RAN4 meeting. The latest progress was captured in the approved way forward in [1]. The related part of the way forward is duplicated here for information:
	Measurement capabilities

· 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 contribution, further discussion the definitions of intra and inter frequency measurement is provided.
2. Discussion

Discussion of definitions of intra and inter frequency measurement is usually linked with discussion of measurement gap. Before we come to discussion of utilization of gap for measurement, we’d like to mention that in LTE although UE with multiple RF chains can perform some inter-frequency measurement without gaps, UE with single RF was assumed as baseline when discussing the necessity of gap for measurement. As for NR, we also propose to consider UE with single RF chain as baseline when discussing the necessity of gap. The intension is to ensure low cost and low complexity UE can also work normally in network.
Proposal 1: UE with single RF chain is used as baseline when discussing the necessity of gap for RRM measurement.
Regarding measurement for mobility, one of the significant change in NR compared to LTE is that the synchronization signals are no longer restricted on the central carriers within the cell bandwidth. Therefore, even if target has the same bandwidth and central carrier frequency as serving cell, UE might not be able to perform measurement on these two cells simultaneously with single RF chain, since SS block of these two cells can be transmitted on different frequency resources.
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Figure 1 measurement gap assisted scenario
This is illustrated in Figure 1. Fundamentally, whether measurement gap is needed actually depends on whether the SS blocks of both serving and target cell are within the UE operating bandwidth, no matter how we define the intra and inter frequency measurement. For instance, in Figure 1 scenario UE anyway needs gap to measure target cell regardless we call it an intra-frequency scenario or inter-frequency scenario.

Observation 1: necessity of gap for measurement in NR fundamentally depends on whether the SS blocks of both serving and target cell are within the UE operating bandwidth, regardless how we define intra and inter frequency measurement.
That means in RAN4 anyway we may need to develop two sets of requirements, i.e. measurement with and without gap, respectively. Even in LTE we also have two sets of requirements for intra-frequency measurement. Ordinary UE doesn’t require gap for intra-frequency measurement. Corresponding requirements are specified in TS36.133 section 81.2.2. Meanwhile, UE category M1 requires gap even for intra-frequency measurement. Corresponding requirements are captured in TS36.133 section 8.13.2.1. Furthermore, intra-frequency measurement requirement for UE Cat.M1 is quite different from legacy intra-frequency measurement requirements. In fact, it is quite similar with requirements for inter-frequency since they share the same gap pattern. 
Observation 2: RRM measurement requirements are impact by utilization of gap, regardless definitions of intra and inter frequency measurement.

However, we still need to be cautious when discussing the definitions because it has impact on RAN2 specification. Basically three options to define intra-frequency measurement are mentioned in [1]:

	· 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


First, legacy definition of intra and inter frequency measurement in LTE specified in TS36.300 should be revisited, since it cannot provide any information to network when configuring measurement objects. Thus option 2 is not preferred.
Observation 3: legacy definitions of intra and inter frequency measurement in LTE specified in TS36.300 should be revisited in NR, since there would not be synchronization signals at the central carrier.

As for option 3, it might be quite simple for network to configure measurement object for individual UE. However, the drawback is that concepts of intra and inter frequency scenario may be vague from network perspective. 
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Figure 2 multiple SS block scenario
Take Figure 2 for example, if we follow option 3 to judge intra/inter frequency, then it should be inter frequency scenario for UE1. Meanwhile, it should be intra frequency scenario for UE2.

Furthermore, another drawback is in mmWave scenario, where receive beamforming is expected to be used for RRM measurement, measurement gap may always be needed even for the simplest scenario where serving cell and target cell has the same bandwidth and SS block location, as illustrated in following figure.
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Figure 3 measurement with receive beamforming (gap is needed)
The consequence is that there would not be intra-frequency measurement anymore. 

To simplify the discussion, we propose to link the definition of intra and inter frequency measurement with the location of SS block in frequency domain. More specifically, if the current and target cell has at least one SS burst set transmitted on the same carrier frequency, then it should be deemed as intra-frequency scenario. Otherwise we can call it inter-frequency scenario.
Even following this definition, in intra-frequency scenario UE might also need gap to measure target cell. However, this is nothing new. Early in Rel-13 LTE UE Cat.M1 was introduced. And measurement gap is needed for this type of UE to perform intra-frequency measurement. 
With this interpretation, we briefly summarize the intra/inter frequency scenarios in NR:
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Figure 4 intra/inter frequency measurement scenarios in NR

Scenario A~G are basically the same with that of LTE as specified in TS36.300, i.e. scenario A, B, C and G are denoted as intra-frequency scenarios. Meanwhile, scenario D, E and F are denoted as inter-frequency scenarios. All the inter-frequency scenarios and intra-frequency scenario G are measurement gap assisted scenarios.

Scenario H~L are NR specific:

-
Same SS burst set carrier frequency (Scenario H): an intra-frequency scenario; not measurement gap assisted.

-
Different SS burst set carrier frequency (Scenario I): an inter-frequency scenario; measurement gap assisted scenario.

-
Multiple SS burst sets scenario with at least one of the SS burst set of each cell share the same carrier frequency (Scenario J); an intra-frequency scenario; not measurement gap assisted.

-
Multiple SS burst sets scenario without any SS burst set of each cell share the same carrier frequency (Scenario K); an inter-frequency scenario; measurement gap assisted scenario.

-
Multiple SS burst sets scenario with at least one of the SS burst set of each cell share the same carrier frequency whilst UE is not located on any of this/these SS burst set(s) (Scenario L); an intra-frequency scenario; measurement gap assisted scenario.

In summary:

o
Scenario A, B, C, G, H, J and L are intra-frequency scenarios.

o
Scenario D, E, F, I and K are inter-frequency scenarios.

o
Scenario A, B, C, H and J are not measurement gap assisted scenarios.

o
Scenario D, E, F, G, I, K and L are measurement gap assisted scenarios.

Based on above discussion we propose definitions of intra/inter-frequency scenarios in NR as follows:
Proposal 2: Intra-frequency neighbour (cell) measurements and inter-frequency neighbour (cell) measurements in NR are defined as follows:

-
Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-frequency measurements when the current and target cell has at least one SS burst set transmitted on the same carrier frequency.

-
Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when all the SS burst set(s) from neighbour cell is/are transmitted on the different carrier frequency, compared to the current cell.

3. Conclusion

In this contribution we further discuss the definitions of SS block intra and inter frequency measurement. After discussion the following conclusions are made:

Proposal 1: UE with single RF chain is used as baseline when discussing the necessity of gap for RRM measurement.
Observation 1: necessity of gap for measurement in NR fundamentally depends on whether the SS blocks of both serving and target cell are within the UE operating bandwidth, regardless how we define intra and inter frequency measurement.
Observation 2: RRM measurement requirements are impact by utilization of gap, regardless definitions of intra and inter frequency measurement.
Observation 3: legacy definitions of intra and inter frequency measurement in LTE specified in TS36.300 should be revisited in NR, since there would not be synchronization signals at the central carrier.
Proposal 2: Intra-frequency neighbour (cell) measurements and inter-frequency neighbour (cell) measurements in NR are defined as follows:
-
Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-frequency measurements when the current and target cell has at least one SS burst set transmitted on the same carrier frequency.

-
Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when all the SS burst set(s) from neighbour cell is/are transmitted on the different carrier frequency, compared to the current cell.

4. Reference
[1] R4-1706608, “NR RRM way forward”, Ericsson, Nokia
[2] R4-1706717, “Discussion on definitions of intra and inter-frequency measurements”, Huawei, HiSilicon
8
5

_1563951843.vsd
�

Current cell


UE


Target cell


SS block


Scenario C



_1563951847.vsd
�

Current cell


UE


Target cell


SS block


Scenario G



_1563972398.vsd
�

Current cell


UE1


Target cell


SS block


UE2



_1563972806.vsd
�


_1563972853.vsd
�

Current cell


UE


Target cell


SS block



_1563951849.vsd
�

Current cell


UE


Target cell


SS block


Scenario I



_1563951851.vsd
�

Current cell


UE


Target cell


SS block


Scenario K



_1563951852.vsd
�

Current cell


UE


Target cell


SS block


Scenario L



_1563951850.vsd
�

Current cell


UE


Target cell


SS block


Scenario J



_1563951848.vsd
�

Current cell


UE


Target cell


SS block


Scenario H



_1563951845.vsd
�

Current cell


UE


Target cell


SS block


Scenario E



_1563951846.vsd
�

Current cell


UE


Target cell


SS block


Scenario F



_1563951844.vsd
�

Current cell


UE


Target cell


SS block


Scenario D



_1563951841.vsd
�

Current cell


UE


Target cell


SS block


Scenario A



_1563951842.vsd
�

Current cell


UE


Target cell


SS block


Scenario B



_1563951837.vsd
�

Current cell


UE


Target cell


SS block


SS block



