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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN4-NR#2 meeting, a WF [1] on RRM was agreed to clarify the definitions of intra- and inter-frequency. The related agreements are captured below:
	· Clarity is needed on the intra/interfrequency definition used for eg categorizing measurement objects for measurement capabilities requirements, categorizing measurement objects for delay/accuracy requirements, categorizing measurement objects for event evaluation, measurement grouping at different measurement occasions, etc
· Consideration may also be given to more than 2 categorizations 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 definitions 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 reference
· Finally, the intra/interfrequency definition also may consider CSI-RS based measurements


In this contribution, we provide our view this issue.
2	Problem faced 
In last RAN4 meeting, there was long discussion on the definitions of inter and intra frequency. In our opinion, this issue is complicated because of the following reasons:
· Center frequency alignment between carrier, SS block and UE. In LTE, the definitions of intra- and inter-frequency is relatively simple because the following 3 frequencies are the same:
· Carrier center frequency 
· SS block center frequency
· UE center frequency, except for some cases.
In NR, they are not necessary the same. 
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Figure 1 Center frequencies of SS block, carrier and UE
· Alignment between serving and neighboring cells. It is possible that the center frequencies (either SS block or carrier) between serving and neighboring cells can be unaligned. E.g., 
· 2 cells have aligned carrier center frequency but different SS block center frequencies
· 2 cells have the same SS block center frequency but different carrier center frequencies
· 2 cells have different SS block center frequencies but different carrier center frequencies
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Figure 2 Different scenarios for the center frequencies of SS block and carrier between a serving and a target cell
· Bandwidth part (BWP) operation. UE may support only a sub-set of the network carrier bandwidth. In this case, UE will be configured with a BWP, which consists a set of consecutive PRBs. According to current RAN1 agreements, multiple SS block can be inserted into multiple BWPs. However, it is not guaranteed that every BWP will have its own SS block. Serving cell may indicate the existence of SS block in the current BWP to UE. So that UE knows whether RF tuning is require for serving SS block measurement. However, the knowledge about neighboring cells is still unclear.
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Figure 3 Bandwidth part and SS block
· SS block less carrier. According to latest RAN1 agreement [2], it is possible that SS block does not exists in a carrier under intra-band non-contiguous CA case. In this case, the measurement might need to be carried out with the help of the SS block of a neighboring carrier or through CSI-RS. 
[image: ]
Figure 4 An example of SS block less carrier
· CSI-RS based measurement. In last meeting, discussions were mainly based on SS block, which has a more clear structure defined in RAN1, e.g., a burst structure in time, consecutive REs in frequency. However, the structure for CSI-RS is unclear now. According to RAN1’s agreement the transmission BW and measurement BW of CSI-RS can be configured to UE. For a UE to carry out CSI-RS based measurement, the center frequency of the CSI-RS as well as its measurement BW are key parameters to determine the definitions of intra- and inter frequency.
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Figure 5 Center frequencies of SS block, carrier and CSI-RS
In summary, the problem of specifying the definition of intra- and inter frequency becomes very complicated, if we need to consider all above variations. 
3	Proposal for moving forward
Considering the tight schedule to finalize the RRM core part in the end of 2017, in our opinion, it is not possible for RAN4 to address all the scenarios, either from the aspects of measurement capability or performance requirement. Therefore, some RAN4 side conditions may need to be considered, or prioritize some of the scenarios. Then, RAN4 can try to set up a rule just for those prioritized cases. 
[bookmark: _Ref489987085]Proposal 1: RAN4 to add side condition to prioritize of some scenarios in Rel-15. Rule for inter and intra frequency can be set at least for prioritized scenarios.

Here, we provide our rule and side conditions. 
Rule: Measurement on a target cell is regarded as intra-frequency measurement if UE can measure that cell at the same time when UE measures its serving cell(s). Otherwise, it is treated as inter-frequency measurement.
[bookmark: _Ref489987088]
Proposal 2: Measurement on a target cell is regarded as intra-frequency measurement if UE can measure that cell at the same time when UE measures its serving cell(s). Otherwise, it is treated as inter-frequency measurement.

Based on above rule, it is very important to add some condition on the measurement BW of a UE. Theoretically, if UE adopts a very wide BW for measurement, it can catch all SS blocks from different cells within the BW, even if those SS blocks center are not aligned. However, UE needs to pay additional complexity for supporting this wideband measurement, which is not preferred for idle mode UE. Furthermore, it will also make the definitions of inter- and intra-frequency depend on the bandwidth currently used by UE. Therefore, some side condition on UE’s measurement BW needs to be addressed to make above rule complete. 
To simplify this issue, we prefer to discuss wideband measurement in later releases as a potential enhancement for NR. In Rel-15, we suggest RAN4 only deal with the following cases (narrow band measurements).
· UE adopts the measurement BW no larger than SS block when performing SS block based measurement.
· UE adopts the measurement BWs no larger than the measurement BW of CSI-RS when performing CSI-RS based measurement.
· FFS if RAN4 needs to address the case when both CSI-RS and SS blocks are to be measured at the same time, e.g., same TTI or OFDM symbol.
[bookmark: _Ref489987089] Proposal 3: Rel-15, only narrow band measurement is considered.

Below, we provide some cases for illustration:
1. When UE measures SS block, different examples are provided in Figure 6.
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(a)                                         (b)
[bookmark: _Ref488675219]Figure 6 Different examples for inter and intra frequencies when UE is measuring a SS block from serving: (a) serving SS block is overlapped with UE current BW and (b) serving SS block is not overlapped with UE current BW
2. When UE measures CSI-RS, different examples are provided in Figure 7.
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(a)                                         (b)
[bookmark: _Ref488675249]Figure 7 Different examples for inter and intra frequencies when UE is measuring a CSI-RS from serving: (a) serving CSI-RS is overlapped with UE current BW and (b) serving CSI-RS is not overlapped with UE current BW

In our opinion, the following scenarios can be de-prioritized in Rel-15 for the corresponding capability and performance, e.g., 
· Wideband measurement: UE adopts a BW which is wider than SS block and/or CSI-RS when performing measurement 
· SS block and CSI-RS are partially overlapped
· At the same time, UE measures multiple serving SS blocks which exists in different BWPs of a wide bandwidth of a carrier 
· Multiple SS blocks from different cells have different center frequencies, but are covered within the frequency of one CSI-RS 
· UE measures different CSI-RS that come at the same time but with different numerologies.
3	Summary 
In this paper, we discuss the issue of inter- and inter-frequency definitions. After the discussion, we have the following proposals:
Proposal 1: RAN4 to add side condition to prioritize of some scenarios in Rel-15. Rule for inter and intra frequency can be set at least for prioritized scenarios.
Proposal 2: Measurement on a target cell is regarded as intra-frequency measurement if UE can measure that cell at the same time when UE measures its serving cell(s). Otherwise, it is treated as inter-frequency measurement.
Proposal 3: Rel-15, only narrow band measurement is considered.
4	Reference 
[1] R4-1706608, “NR RRM way forward”, Ericsson, Nokia
[2] R1-1711825, “LS on non-contiguous CA”, RAN1
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