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1 Introduction
 In the NR phase 1 study, the RAN1 builds a NR carrier that does not necessarily follow the compatibility with the LTE. In this contribution, we state the initial view for the RRM measurements for NR carriers. 
2 Discussion
[bookmark: _GoBack]In general, a cell may transmit RS and UE receives it to detect the presence of the cell. The UE determines the average quality and instantaneous quality of link between the cell and the UE, depending on configurations. The average quality of link can be used for various purposes such as handover and load balancing in both intra-frequency and inter-frequency for connected UEs. For idle UEs, the average quality of link can be used for initial access to the monitoring cell. The instantaneous quality of link can be used for dynamic link adaptations and our view is revealed in our companion tdoc [1].
The LTE cell periodically transmits sync signals (PSS/SSS) and CRS periodically. The LTE system has the fixed subframe configurations for at least a few radio frames, and the LTE UE knows which subframes to contain sync signals and CRS. In NR study phase 1, we consider different aspects of cell operations such as dynamic TDD whose subframe type is not known in priori, mixed numerology in either time domain or in frequency domain. Even we consider the beamformed communication which are not transparent to UEs. Those features challenges RRM measurements based on legacy behaviours. In our view, the RRM measurements should represent the average link quality that the UE will experience after being associated to the measuring cell.
2.1 Mixed numerology
Mixed numerology has been discussed to incorporate various waveforms in the NR carrier. Those waveform family can coexist within the NR carrier (though the precise definition of NR carrier is under discussion). Regarding initial access and mobility support, connected UEs and idle UEs may monitor NR carriers. This implies that the RRM RS (RRS) resources should be available without any unicast signalling. Idle UEs should demodulate RRS with a certain numerology, and it is not desirable for idle UEs to test all candidate numerologies in the monitoring frequency bands. Thus, to reduce the implementation complexity, the specification can associate one or few numerologies with a specific frequency band. It is also beneficial that the specification would define the frequency and the time locations of RRS resources to reduce the implementation complexity
Observation: It is desirable that the specification can associate the numerology and the time/frequency locations of RRS resources with the frequency band.
However, the NR study item also considers various UE capabilities such as supporting a single numerology. It may raise issues if an idle UE intends to associate with a cell but does not support the numerology of RRS resources of the cell. It needs for further study whether this use case matters.
2.2 Dynamic TDD
Dynamic TDD is being discussed in unpaired spectrum for fast traffic adaptations in each subframe or time interval x. This concept can be an enhancement of LTE_TDD_eIMTA whose adaptation spans a few radio frame (~10ms). Since LTE UEs can predict the subframe type at least for a radio frame, LTE UEs can expect which subframes to use for RRM measurements and choose a subset of subframes to derive RRM measurements. However, the dynamic TDD in NR may not allow UEs to predict the next subframe type. It would be simpler if candidate subframe types had fixed downlink symbols for RRS resources. This is because idle UEs can assume to use those symbols at each candidate subframe that have RRS resources. Idle UEs can measure RSRP-like RRM metric (nRSRP), which can similarly be used for cell associations as LTE RSRP is being used.
Observation: The RSRP-like RRM metric assumes periodic downlink resources.
On the other hand, it is also important for idle UEs to derive the average link quality such as LTE RSRQ. The RSRQ-like RRM metric (nRSRQ) includes the measurement of average intra-/inter-cell interferences. nRSRQ captures more dynamic inter-cell interferences, which can include UL-DL mixed interferences. This introduces new interference scenarios that LTE does not offer, and nRSRQ definitions should be revised for reliable measurements.
Observation: The RSRQ-like RRM metric captures more dynamic nature of interferences.
Furthermore, some subframe type such as UL-centric subframe would have the least number of downlink symbols in the subframe, i.e., those symbols may be used for scheduling grants. This means that the amount of available DL resource elements or symbols for interference measurements can vary for each nRSRQ measurement instance. When the NR cell can repeatedly assign UL-centric subframes, idle UEs may lose accuracy of interference measurements, and in turn, nRSRQ measurements may not be reliable. In order to avoid those situations, it is beneficial to guarantee the minimal DL resources for each nRSRQ measurement instance.
Observation: Each measurement instance for RSRQ-like RRM metric may not have sufficient amount of DL resources for reliable interference estimations.
2.3 Beamformed communications
The RAN1 considers operations of high frequencies that require beamforming. Since the NR study item considers analogue beamforming that applies to the whole subbands, it is general to multiplex each beam in the time domain. In other words, RRS resources can be multiplexed in the time domain if the number of TxU is limited. When there are sufficient number of TxUs, RRS resources can be multiplexed in the frequency domain as well. The specification does not differentiate the TRP capability, and each RRS resource can have a distinct beamforming weight and a distinct RRS sequence. That is, the NR cell can configure and transmit multiple RRS resources for nRSRP to support Tx beamforming, and it can be referred to as Tx beam sweeping. The RAN1 also considers Rx beamforming at UEs. If UEs measure nRSRP, then UEs need to find the appropriate Rx weight by implementation. The specification is transparent to UE capabilities and the sufficient number of RRS resources depends upon network operations. 
In the LTE advanced pro, idle and connected UEs may measure RSRP and RSRQ for DL. Additionally, connected UEs can also measure RS-SINR, CSI-RSRP and RSSI for DL. The LTE SC_enh_L1 work item discussed the small cell discovery signal (DRS) and its usage. Connected UEs are configured to a DRS measurement timing window (DMTC), and small cells transmit DRS occasions within the DMTC. The number of DRS resources can be unknown to UEs and UEs wait for a periodic DMTC to measure DRSRP and/or DRSRQ. The concept of DRS occasion can be well suited to the beam sweeping operation, and the DMTC can be used as the baseline for RRM measurements in the high frequency band. If the DMTC is fixed in the specification or is broadcast, then idle UEs can also support DRS based measurements.
Proposal: DMTC in LTE SC_enh_L1 can be considered as a baseline for RRM measurements.
It is noted that nRSRQ is not discussed in this subsection because interferences for each RRS resource can be measured based on common DL resources in the same frequency band.
3 Conclusion
In this contribution, we observe and propose the following:
Observation: 
· It is desirable that the specification can associate the numerology and the time/frequency locations of RRS resources with the frequency band.
· The RSRP-like RRM metric assumes periodic downlink resources.
· The RSRQ-like RRM metric captures more dynamic nature of interferences.
· Each measurement instance for RSRQ-like RRM metric may not have sufficient amount of DL resources for reliable interference estimations.
Proposal: 
· DMTC in LTE SC_enh_L1 can be considered as a baseline for RRM measurements.
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