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1. Introduction

In the last meeting, a way forward on NR RRM was agreed [1], which summarized the following issues to be further discussed. 
· Companies are encouraged to discuss whether RAN4 should involved in discussion of definitions of intra-frequency and inter-frequency.

· Further evaluate the capabilities for number of interfrequency ad inter-RAT frequency layers to measure

· Further evaluate the need for FDD/TDD differentiation in the number of carriers to measure

· Further discussion on the methodology for determining capability for number of cells, number of beams etc to measure
This contribution provides discussion on the UE measurement capability .

2. Discussion 
According to the WF [1], one open issue of the measurement capability is to discuss whether RAN4 should be involved in discussion of definitions of intra-frequency and inter-frequency. Although the definitions of intra-frequency measurement and inter-frequency measurement is a RAN2 issue, the decision will have impact on the measurement capability. So before the discussion of measurement capability, it is better to define intra-frequency measurement and inter-frequency measurement firstly.
In NR, UE-specific RF bandwidth adaptation is introduced. The bandwidth adaptation is a UE capability. For the UE with this capability, the intra-frequency measurement may be performed in the measurement gap according to the configured bandwidth part. For the UE without this capability or the UE which is not configured the bandwidth adaptation, there is no need to perform the intra-frequency measurement in gaps. If the measurement capability differentiate the intra-frequency measurement by whether the measurement gap is in use or not, it is difficult to define a unified measurement capability for all UEs. Even for the inter-frequency measurement, measurement gap may be not in use according to the UE architecture. So it is difficult to differentiate intra-frequency measurement and inter-frequency measurement by whether measurement gap is in use or not.
Observation 1: whether measurement gap is in use or not cannot be used to differentiate intra-frequency measurement and inter-frequency measurement.
In LTE, intra-frequency measurements and inter-frequency measurements are defined in [2]:

-
Intra-frequency measurements: measurements at the downlink carrier frequency(ies) of the serving cell(s).

-
Inter-frequency measurements: measurements at frequencies that differ from any of the downlink carrier frequency(ies) of the serving cell(s).

In NR, same methodology can be used to define intra-frequency measurements and inter-frequency measurement. Inter-frequency measurement shall be the measurements at frequencies that differ from any of the downlink carrier frequency(ies) of the serving cell(s). Intra-frequency measurements shall be the measurements at the downlink carrier frequency(ies) of the serving cell (s). For the case where configured bandwidth part does not contain the SS block and measurement gap is in use to perform measurement of cells on the same carrier as serving cell, it shall be considered as the intra-frequency measurement, as we did for the cat-M1 and cat-M2 UEs. 
Proposal 1: Inter-frequency measurement shall be the measurements at frequencies that differ from any of the downlink carrier frequency(ies) of the serving cell(s).
Proposal 2: Intra-frequency measurements shall be the measurements at the downlink carrier frequency(ies) of the serving cell (s)

In the last meeting, there is a initial discussion on the measurement capability. One view is to reuse the LTE legacy UE measurement capability which is 3 carriers. From our point of view, this measurement capability maybe not enough for the network deployment demand. For example, an operator may get 1GHz spectrum for the frequency ranges above 6GHz, there will be about 3 frequency carriers assuming 400MHz CBW. For frequency ranges below 6GHz, there may be 2 frequency carriers if an operator gets 200MHz spectrum and the CBW is 100MHz. What’s more, LTE bands used for NR also need to be considered. So the larger number of inter-frequency layers need to be considered.
Observation 2: measurement capability of 3 NR carriers is not enough for the NR network deployment demand. 

Considering that IncMon is a mandatory feature from Rel-12 and the IncMon UE supports to monitor 8 LTE carriers, it may be not difficult for UE to monitor 8 NR carriers. On the other hand, it is necessary to evaluate the impact of inter-frequency measurement on mobility performance. According to RAN1’s agreement [3], one target requirement to design NR-PSS/SSS is good one-short detection probability. If RAN4’s evaluation shows that it is feasible to specify the detection requirement based on one-short assumption, the detection delay will be at most 160ms (if maximum periodicity of SS burst set is agreed to be 160ms). So the NR PSS/SSS detection delay is not so long as that of LTE case. So the impact on the system performance due to monitoring larger number of inter-frequency layers may be not so large.
Observation 3: considering the one short design principle of NR-PSS/SSS, the impact on the system performance due to monitoring larger number of inter-frequency layers may be not so large.   
Proposal 3: the NR UE shall be capable of monitoring 8 NR TDD carriers and 8 NR FDD carriers. 
According to the WID of NR, LTE is the only inter-RAT supported by NR UE in this release. In LTE, IncMon is introduced from the network deployment point of view. What’s more, LTE is the primary cell for the NSA case, the LTE network deployment may be reused for the NR MeNB deployment. So it is proposed to reuse LTE measurement capability to define NR UE E-UTRAN measurement capability.
Proposal 4: the NR UE shall be capable of monitoring 8 E-UTRAN TDD carriers and 8 E-UTRAN FDD carriers. 

According to above discussion, for SA case, the NR UE shall be capable of monitoring 8 NR carriers and 8 LTE carriers:
For SA, Nfreq_NR = 8, Nfreq_EUTRAN = 8
For NSA case, both the MeNB and SgNB may be configured to measure NR frequency layers. One issue is that whether the NR measurement capability is applied to the MeNB and SgNB separately or the MeNB and SgNB share the NR measurement capability. Accordingly, there will be two options:

Option 1: for NSA, Nfreq_NR_MeNB = 8, Nfreq_NR_SgNB = 8, Nfreq_EUTRAN = 8
Option 2: for NSA, Nfreq_NR = 8, Nfreq_EUTRAN = 8
Considering that MeNB and SgNB share the UE measurement resources (eg, buffer size), if option1 is adopted, it will increase the UE complexity. If option 2 is adopted, the coordination of configured frequency layers between MeNB and SgNB may be needed so that it does not go beyond the UE measurement capability. 

Proposal 5: it is proposed to discuss whether the NR measurement capability is applied to the MeNB and SgNB separately or the MeNB and SgNB share the NR measurement capability.
3. Conclusion
This contribution provides discussion on the UE measurement capability for NR, the observations and proposals are:

Observation 1: whether measurement gap is in use or not cannot be used to differentiate intra-frequency measurement and inter-frequency measurement.
Observation 2: measurement capability of 3 NR carriers is not enough for the NR network deployment demand. 

Observation 3: considering the one short design principle of NR-PSS/SSS, the impact on the system performance due to monitoring larger number of inter-frequency layers may be not so large.   

Proposal 1: Inter-frequency measurement shall be the measurements at frequencies that differ from any of the downlink carrier frequency(ies) of the serving cell(s).
Proposal 2: Intra-frequency measurements shall be the measurements at the downlink carrier frequency(ies) of the serving cell (s)

Proposal 3: the NR UE shall be capable of monitoring 8 NR TDD carriers and 8 NR FDD carriers. 

Proposal 4: the NR UE shall be capable of monitoring 8 E-UTRAN TDD carriers and 8 E-UTRAN FDD carriers. 

Proposal 5: it is proposed to discuss whether the NR measurement capability is applied to the MeNB and SgNB separately or the MeNB and SgNB share the NR measurement capability.
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