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1. Introduction

At the last RAN1 NR-AH#3 meeting, remaining details on NR RRM measurements based on SS/PBCH block and CSI-RS for L3 mobility were discussed, and RAN1 made following agreements [1, 2, 3].

	Agreements:

· For a SS-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement

· For a CSI-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement

· It is up to UE implementation how to select a set of RX beams to perform RRM measurement on a carrier

· Different sets of RX beams can be used in measurements based on different measurement objects

· Same set of RX beams shall be used in measurement of each TX beam based on a measurement object

· FFS

· Alt.1: Measurement to be reported shall be greater than average of measurements based on each RX beam in the selected set

· Alt.2: Measurement to be reported shall be the best among measurements based on each RX beam in the selected set

· Other alternatives are not precluded

Agreements:
· Candidate value(s) for SMTC window duration

· At least 1ms, 5 ms are supported

· FFS other values 

Agreements:
· At least for inter-frequency measurement, SS block based RSSI measurement resource(s) is confined within at most the measurement gap duration, e.g., 6 msec

· At least for inter-frequency measurement, SS block based interference measurement resource(s) is confined within at most the measurement gap duration, e.g., 6 msec

Agreements:
· Study further between the two alternatives on the type of the RSSI measurement resource in time domain: 

· Alt 1: RSSI is measured within the resource without considering whether the resource is DL or UL or both

· Alt 2: RSSI is measured only within the DL part

· Note: UE at least knows that the OFDM symbols corresponding to the SS block locations indicated in the RMSI is for DL

· Note: Identification of the DL part of a slot of a serving/selected cell for the RSRQ measurement purpose, if necessary, will follow the decisions from the control sessions

· Study further among the following alternatives on the configurability of the RSSI measurement resource in time domain: 

· Alt a: The resource is predefined in the spec

· Alt b: The resource is explicitly configured in the SI for IDLE mode measurements and in the RRC signaling for CONNECTED mode measurements

· Alt c: UE detects RSSI measurement resource

· Alt d: The resource is implicitly derived by other parameters in SI, e.g., the actually transmitted SS blocks indicated in RMSI

· To down select, consider applicability of these alternatives for inter & intra frequency measurements, IDLE & CONNECTED mode and initial cell selection




In this contribution, we further discuss remaining issues on measurement for mobility management such as measurement configuration, the definition of RSRQ/RS-SINR based on SS/PBCH block and CSI-RS, and so on. 
2. SS/PBCH block based RRM measurement
2.1. Remaining issues on measurement configuration for SS/PBCH block based measurement
Single or multiple SMTCs across different frequency carriers

At the RAN1 NR-AH#2 meeting, it was agreed that for inter-frequency CONNECTED mode measurements based on SS/PBCH block, only single SMTC is configured at least per frequency carrier. It is still under discussion whether single SMTC or multiple SMTCs across different frequency carriers can be configured for inter-frequency CONNECTED mode measurement based on SS/PBCH block.

For cells on different carrier frequencies, different SS burst set periodicities and different number of SS/PBCH blocks within a SS burst set may be applied to different cells according to different antenna configuration/deployment place. In that case, appropriate measurement timing/duration for each cell on different frequencies may be different. RAN1 agreed that up to two measurement window periodicities can be configured for intra-frequency CONNECTED mode measurement. For inter-frequency CONNECTED mode measurement, considering the tradeoff between flexibility and complexity, only single SMTC could be configured at least per frequency carrier. However, for different carriers, it would be beneficial if different sets of information regarding SMTC window periodicity/timing/duration for RRM measurement can be configured. 
In LTE, measurement gap is configured to assist inter-frequency measurement. In Rel-12 LTE, UE follows both measurement gap configuration and DMTC configuration if configured. In Rel-14 LTE, per carrier measurement gap configuration was introduced. In NR, it is also preferable to introduce per carrier measurement gap configuration considering different sets of information regarding SS burst periodicity/timing/duration for RRM measurement on different carriers. However, RAN4 is still discussing on whether the measurement gap is configured per carrier, per RAT or per UE since per carrier measurement gap would require more specification effort compared with per UE or per RAT measurement gap. But even in the case of per UE measurement gap configuration, per carrier SMTC configuration could be applied as different SMTC window periodicities/timings/durations can be accommodated to different carriers by using a single measurement gap. Therefore, NR should support to configure single SMTC per frequency carrier (i.e., multiple SMTCs for multiple inter-frequency carriers) for inter-frequency CONNECTED mode measurement based on SS/PBCH block.
Proposal 1: For inter-frequency CONNECTED mode measurement based on SS/PBCH block, NR supports to configure single SMTC per frequency carrier (i.e., multiple SMTCs for multiple inter-frequency carriers).
Candidate values for SMTC window duration
At the RAN1 NR-AH#3 meeting, it was agreed that NR supports at least 1ms and 5ms as candidate values for SMTC window duration. As the duration of SS burst set varies according to frequency range and actually transmitted SS/PBCH blocks, it would be beneficial to also support other candidate values for flexibility towards efficient measurement within minimum required duration, e.g., {0.5, 2, 3, 4} ms. We think that UE is not required to perform measurement on SS/PBCH block outside SMTC window. 
Proposal 2: NR supports {0.5, 1, 2, 3, 4, 5} ms as candidate values for SMTC window duration.
2.2. Definition of RSRQ/RS-SINR based on SS/PBCH block (SS-RSRQ and SS-SINR)
At the last RAN1 meeting, the resources and the UE Rx beam used for RSSI/interference measurement were discussed. But there are still some remaining issues on resources for RSSI/interference measurement and cell-level SS-RSRQ/SS-SINR definition.
Resources for RSSI/interference measurement

In LTE, RSSI is measured only from OFDM symbols containing reference signals for antenna port 0 of measurement subframes, unless indicated by higher layers. Similar as LTE, for SS/PBCH block based RRM measurement, the resources for RSSI/interference measurement could be some predefined time-frequency resources associated with corresponding SS/PBCH block. For example, UE could perform RSSI/interference measurement on SS/PBCH block symbols/REs and SS/PBCH block bandwidth (PBCH bandwidth). However, in a synchronized network, the SS/PBCH blocks from different cells may collide. In that case, the measured RSSI/interference could not reflect real interference condition brought by data transmission of neighboring cells. Wideband (e.g., wider than PBCH bandwidth) RSSI/interference measurement could relax the problem somehow. But more flexible method is to support configurable RSSI/interference measurement resources (time and frequency domain resources) associated with each SS/PBCH block in order to measure more realistic interference condition. 
Therefore, among alternatives on the configurability of the RSSI measurement resource in time domain, Alt. b is preferred, in which system information is used to configure the time resources for RSSI measurement for IDLE mode, and RRC signalling is used to configure the time resources for RSSI measurement for CONNECTED mode. In Alt. b, IDLE UE cannot measure RSSI unless decoding corresponding system information for RSSI resource configuration. Compared with Alt. a, the complexity of IDLE UE increases. However, considering the consistency between IDLE and CONNECTED UE, Alt. b can be supported. 
At RAN1 NR-AH#3 meeting, the type of the RSSI measurement resource in time domain was discussed and two options were agreed for down-selection. As defined in LTE, we think RSSI should be measured only within the DL part of the indicated time resources. Therefore, Alt. 2 is preferred. Alt. 1 may increase the network configuration complexity compared with Alt. 2 as network should always configure DL resources only. Above discussions also apply to resources for interference measurement.
Proposal 3: Regarding the RSSI/interference measurement resource in time domain, NR supports RSSI/interference measurement only within DL part, and NR supports to explicitly configure the measurement resources in the SI for IDLE mode and in the RRC signaling for CONNECTED mode.
Beam-level and/or cell-level SS-RSRQ/SS-SINR measurement

In LTE, RSRQ measurement is more likely to be performed for inter-frequency measurement. The RSRQ results for intra-frequency measurement are consistent with RSRP results due to similar RSSI results from different cells on a frequency. However, in NR, the SS-RSRQ results for different SS/PBCH blocks on a frequency may not be consistent with SS-RSRP results due to more fluctuated interference for different SS/PBCH blocks. Therefore, beam-level SS-RSRQ/SS-SINR measurement would be beneficial in NR for intra-frequency measurement in addition to inter-frequency measurement. 

In addition to beam-level SS-RSRP, RAN2 has agreed that cell-level RSRP can be derived from SS-RSRP of N best beams. Similar discussion is needed to decide whether cell-level SS-RSRQ/SS-SINR should be defined or not, and how to derive cell-level SS-RSRQ/SS-SINR if defined.
Proposal 4: NR supports beam-level SS-RSRQ/SS-SINR measurements based on SS/PBCH block. 
· It is up to RAN2 whether cell-level SS-RSRQ/SS-SINR based on one or multiple SS/PBCH block(s) is defined or not, and how to derive if defined.
2.3. RRM measurement on multiple SS blocks in wideband CC
Whether and how to support UE measurement on multiple SS blocks within wideband CC

For wideband capable UEs, it is possible to monitor multiple SS/PBCH blocks within a wideband CC for RRM measurement. But SS-RSRP measurement results (especially after L1/L3 filtering) would be almost same for the multiple SS/PBCH blocks within a wideband CC when the multiple SS/PBCH blocks are transmitted with the same power/beam/transmit antenna location. Therefore, for SS-RSRP measurement for a wideband CC, monitoring SS/PBCH block on a certain frequency location would be sufficient in terms of accurate SS-RSRP measurement. 
On the other hand, monitoring multiple SS/PBCH block locations for RRM measurement may be necessary for following cases.

· In case that different cells/TRPs/beams transmit SS/PBCH block on different frequency locations, UE would need to monitor multiple SS/PBCH block locations as RRM measurement on wideband CC. In such case, UE would need to compare measurement results on different SS/PBCH block locations for the measurement reporting.
· SS-RSRQ/SS-SINR on different frequency locations may include different interference level according to traffic amount in each narrow bandwidth CC. In such case, UE may be configured to perform SS-RSRQ or SS-SINR measurement on multiple SS/PBCH block frequency locations.

In summary, we think that UE can be configured to perform RRM measurement on multiple SS/PBCH block frequency locations within wideband CC e.g., by single measurement object. For such case, measurement report may need to include frequency location index in addition to SS/PBCH block index e.g., as beam index information. If it is difficult to finalize all L1/L2 specification to support such RRM measurement on multiple SS/PBCH block frequency locations within a wideband CC, it should be specified in the next release as RRM enhancements.

Proposal 5: NR supports to configure RRM measurement on multiple SS/PBCH block frequency locations within wideband CC.

· Measurement reporting in such case is based on the measurement results on multiple SS/PBCH block frequency locations, and would need to include frequency location index information for each measurement result.
QCL relationship between multiple SS blocks on different frequency locations
Considering deployment flexibility, it should be up to NW implementation that which Tx beam is applied to which SS/PBCH block time index for each frequency location. It means that different Tx beams may be applied between SS/PBCH blocks with same SS/PBCH block time index on different frequency locations. Therefore, by default, a UE should not assume that antenna ports used for transmissions of SS/PBCH blocks with different frequency locations within a CC (even with same indexes) are quasi-collocated with respect to spatial, average gain, delay and Doppler parameters. In this case, a beam index can be represented by a combination of SS/PBCH block index and frequency location index in measurement report.

It may be possible for NW to configure QCL relationship between multiple SS/PBCH blocks on different frequency locations to UE. However, since the measurement is performed not only for serving cell but also neighbour cells, explicit indication of individual QCL relationship for each SS/PBCH block would be too complicated.

Proposal 6: By default, a UE may not assume that antenna ports used for transmissions of SS/PBCH blocks with different frequency locations within a CC (even with same indexes) are quasi-collocated with respect to spatial, average gain, delay and Doppler parameters.
SMTC configuration for multiple SS/PBCH blocks in wideband CC
As described above, different cells/TRPs/beams may transmit SS/PBCH block on different frequency locations. For a cell, the transmitted multiple SS blocks on different frequency locations may be different. In that sense, it is beneficial to configure SMTC per SS block frequency location. However, such configuration method would increase UE complexity on RRM measurement. In addition, basically a cell with wideband CC is associated with a deployment scenario. It means that multiple SS/PBCH block transmissions within a wideband CC basically target the same deployment scenario, and hence it is natural to apply a single common SMTC for those multiple SS/PBCH blocks. RAN1 agreed that up to two SMTC window periodicities can be configured for intra-frequency CONNECTED mode measurement and a cell is associated with either one of two SMTC window configurations. Therefore, multiple SS/PBCH blocks within a cell should also be associated with same SMTC window configuration.
Proposal 7: In case that RRM measurement on multiple SS/PBCH block frequency locations within wideband CC is supported, a single SMTC is applied for measurement on multiple SS/PBCH blocks for a cell 
3. CSI-RS based RRM measurement

3.1. Remaining issues on CSI-RS properties
In previous RAN1 meetings, RAN1 made some agreements on CSI-RS properties. CSI-RS design including RE mapping and density for beam management was agreed to be baseline. But further discussion is still needed for remaining details on CSI-RS properties.
Maximum number of CSI-RS resources for CSI-RS based RRM measurement

In LTE Rel-12 DRS, maximum of 96 CSI-RS resources can be configured in a measurement object considering the limitation of physical resources. In NR, the maximum number of CSI-RS resources for configuration should also consider the maximum number of CSI-RS resources within a RB/slot and the maximum number of RBs/slots within measurement window duration. If the physical resource number derived by such method is extremely large, some further limitation method should be considered. Anyway, considering the multi-beam scenario, the supported number of CSI-RS resources for configuration on a carrier should be at least larger than 96.
Proposal 8: NR supports to configure more than 96 CSI-RS resources for CSI-RS based RRM measurement on a carrier.

· The maximum number of CSI-RS resources for configuration should consider the maximum number of CSI-RS resources within a RB/slot and the maximum number of RBs/slots within measurement window duration.
Candidate values of CSI-RS measurement periodicity for CSI-RS based RRM measurement

Regarding CSI-RS periodicity, candidate periodicity values {5, 10, 20, 40} ms have been agreed. Considering similar requirement on RRM measurements based on SS/PBCH block and CSI-RS, the supported periodicity of SS burst set can be also supported for CSI-RS for L3 mobility. Therefore, larger periodicity values, e.g., {80, 160} ms should also be supported for CSI-RS based RRM measurement.
Proposal 9: NR supports the additional periodicity of {80, 160} ms for CSI-RS based RRM measurement.
Number of CSI-RS ports used for CSI-RS based RRM measurement

At RAN1 NR-AH#2 meeting, it was agreed that CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management. For 2-port CSI-RS for beam management, only 1 RE/RB/port within a OFDM symbol is supported. At RAN1#90 meeting, it was agreed that design of [1 or 2] port CSI-RS resources for beam management is reused for CSI-RS for L3 mobility. In addition, the value of D (RE/RB/port within a OFDM symbol) for CSI-RS for beam management are reused for CSI-RS for L3 mobility. Considering the requirement for measurement accuracy for L3 mobility, high resource density (e.g., D > 1) may be required for CSI-RS. Therefore, 1-port CSI-RS is preferred for RRM measurement for L3 mobility as it could provide better measurement accuracy with D > 1. In addition, UE measurement complexity would be low with a single-port based measurement and reporting.

Proposal 10: NR supports 1 CSI-RS port based RRM measurement for L3 mobility.
Candidate measurement bandwidth in addition to minimum carrier bandwidth for each frequency band
At RAN1 NR-AH#2 meeting, it was agreed to configure measurement bandwidth for CSI-RS based RRM measurement, and at least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS are supported. For the additional candidate bandwidth, it is fine to require the UE to support the maximum UE bandwidth for CSI-RS measurement. However, considering that different UEs may support different maximum UE bandwidths, it may be easier to define a fixed candidate measurement bandwidth for different UEs for each frequency band. Therefore, the bandwidth of current active bandwidth part is a good option for the fixed candidate measurement bandwidth.

Proposal 11: NR supports at least bandwidth of active bandwidth part as candidate measurement bandwidth for CSI-RS based RRM measurement in addition to minimum carrier bandwidth.
3.2. Remaining issues on measurement configuration for CSI-RS based measurement
In LTE, eNB provides the measurement configuration applicable to a UE in RRC_CONNECTED by means of UE dedicated signaling. CSI-RS based RSRP measurement has been supported from Rel-12 via discovery signals measurement timing configuration (DMTC) and discovery signal configuration signaling. In LTE, eNB only configures a single measurement object for a given frequency. The measurement procedures distinguish the following types of cells [4]:

1.
The serving cell(s) - these are the PCell and one or more SCells, if configured for a UE supporting CA.

2.
Listed cells - these are cells listed within the measurement object(s) or, for inter-RAT WLAN, the WLANs matching the WLAN identifiers configured in the measurement object or the WLAN the UE is connected to.

3.
Detected cells - these are cells that are not listed within the measurement object(s) but are detected by the UE on the carrier frequency(ies) indicated by the measurement object(s).
For E-UTRA, the UE measures and reports on the serving cell(s), listed cells, detected cells, and, for RSSI and channel occupancy measurements, the UE measures and reports on any reception on the indicated frequency. 
In NR, RAN2 has made the agreements that a measurement object is corresponding to one carrier frequency, and it is possible to configure a list of CSI-RS resource specific configuration for RRM measurement as part of the measurement object. It still needs further study on whether the UE performs CSI-RS based RRM measurement only on listed cells (i.e., listed CSI-RS resources), or on both listed cells and detected cells. In some scenarios, UE could perform CSI-RS based RRM measurements only on listed cells with explicit configuration if gNB could make appropriate CSI-RS configurations of serving cell and neighbouring cells. However, in some other scenarios, inter-gNB coordination may be limited and neighbour relations are not available or accurate enough, e.g., in early deployments or unlicensed frequencies. In that case, UE may need to measure and report on both listed cells and detected cells. In order to enable the flexibility of UE measurement and reporting, NR should support multiple modes for CSI-RS based RRM measurements on a carrier frequency. The following modes should be supported, and one mode is configured for CSI-RS based RRM measurement on a carrier for CONNECTED UE at a time.
· Mode 0: CSI-RS based RRM measurement and reporting are not performed (by default)
· Mode 1: CSI-RS based RRM measurement and reporting only on listed cells are performed
· Mode 2: CSI-RS based RRM measurement and reporting on both listed cells and detected cells are performed
A UE can be configured with different modes on different carrier frequencies. For the explicit CSI-RS configuration of listed cells, the CSI-RS properties, the configuration signaling and effective field should be further discussed. For the detected cells, how to obtain the parameters for CSI-RS configuration by UE should be further studied.
Proposal 12: NR supports following modes for CSI-RS based RRM measurement, and either mode 1 or mode 2 is configured to UE for performing CSI-RS based RRM measurement.
· Mode 0: CSI-RS based RRM measurement and reporting are not performed (by default)
· Mode 1: CSI-RS based RRM measurement and reporting only on listed cells are performed

· Mode 2: CSI-RS based RRM measurement and reporting on both listed cells and detected cells are performed
At the RAN1#89 meeting, five methods to obtain parameters for CSI-RS for L3 mobility for a CONNECTED UE were proposed and discussed. For the listed cells, configuration of a parameter that is valid for one CSI-RS resource (Method 1) could be applied. At the RAN1#89 meeting, RAN1 agreed that following properties of a CSI-RS for L3 mobility can be signaled to UE using dedicated signaling: NR Cell ID, timing configuration, number of antenna ports, time/frequency resource, transmission/measurement bandwidth, parameters for sequence generation, etc. If each parameter is separately configured for each CSI-RS, the efficiency would be quite low in terms of signaling overhead. In addition, there is no need to have extensive flexibility for each parameter, i.e., some parameters can be common or partial-common to multiple CSI-RSs. For example, the measurement bandwidth and possibly transmission bandwidth can be common to multiple CSI-RSs or all CSI-RSs configured for a carrier frequency. The timing configuration such as periodicity can also be common to all the CSI-RSs on the carrier frequency in some cases, and in some other cases timing configuration applicable to specific cell(s) such as serving cell and another timing configuration applicable to other cells on the carrier frequency can be informed as well as in SS block based RRM measurement. The number of antenna ports can also be common to multiple or all CSI-RSs on the carrier frequency. On the other hand, some parameters such as time/frequency resource index, associated NR cell ID and scrambling ID would be separately configured to each CSI-RS. This configuration structure could be similar to that in CSI-RS based discovery signal measurement in Rel-12 LTE such as DMTC which is common to all CSI-RSs and discovery signal configuration including configuration parameters for each CSI-RS.

Therefore, in order to enable efficient CSI-RS configuration for L3 mobility, NR should support common resource configuration framework by configuration of a parameter that is valid for all CSI-RS resources on a carrier frequency (Method 2), or valid for a group of CSI-RS resources on a carrier frequency (Method 4). The common resource configuration includes CSI-RS resource set (e.g., time/frequency resource pool for multiple CSI-RSs) information, and some common parameters for the multiple CSI-RSs such as periodicity of the resource set, timing offset of the resource set and assumption on number of antenna ports. DMTC in LTE is a common measurement configuration per carrier frequency, while this common resource configuration can be per carrier frequency, per cell (group) or per beam/TRP group. 
For other configuration parameters of CSI-RS of detected cells in mode 2, UE could derive a parameter that is valid for all CSI-RS resources associated with detected cells on a carrier frequency, at least partly, from the cell ID (Method 3). Method 3 can reduce configuration signaling at the cost of decreased flexibility for configuration parameters. For detected cells, NW could provide a parameter that is valid for CSI-RS resources associated with detected cells on a carrier frequency, e.g. based on UE measurement reporting (Method 5). We think both Method 3 and Method 5 would have usage scenarios according to different pros/cons, and hence both methods can be supported as possible options for mode 2.
Proposal 13: For the methods to obtain configuration parameters for CSI-RS for L3 mobility,
· NR supports configuration of a parameter that is valid for one CSI-RS resource (Method 1) for listed cells.

· NR supports common resource configuration by configuration of a parameter that is valid for all CSI-RS resources on a carrier frequency (Method 2), or valid for a group of CSI-RS resources on a carrier frequency (Method 4).

· Following configuration parameters are included in the common resource configuration.

· CSI-RS resource set such as time/frequency resource pool configuration (e.g., measurement window duration and measurement bandwidth)

· Timing configuration such as periodicity and timing offset of the resource set (e.g., measurement window periodicity and offset)
· Antenna port assumption such as number of antenna ports for CSI-RS(s) in the resource set

· NR supports that UE derives a parameter that is valid for all CSI-RS resources associated with detected cells on a carrier frequency, at least partly, from the cell ID (Method 3), or NW provides a parameter that is valid for CSI-RS resources associated with detected cells on a carrier frequency, e.g. based on UE measurement reporting (Method 5).
Regarding the signaling to carry such common resource configuration for CSI-RS, even though cell-specific configuration is not preferred, UE-group-common (e.g., SS block-specific) signaling could still be considered in addition to UE dedicated signaling due to some benefits on reduction of signaling overhead and UE complexity. For UE-group-common signaling, SIB (not RMSI) on different beams could carry different CSI-RS resource sets associated with a certain unit, e.g., the transmitted SS block. By reading the SIB, UE can get the CSI-RS configurations associated with the transmitted SS block, i.e., this can be an indication of association between SS block and CSI-RS(s). UE can be triggered or configured to read multiple SIBs to get more CSI-RS configurations if needed.
Proposal 14: NR supports UE-group-specific configuration signaling of CSI-RS for RRM measurement.
For SS/PBCH block based RRM measurement, it was agreed that for intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured, while for inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier. Similar measurement configuration timing issues should be discussed for CSI-RS based RRM measurement. For CSI-RS based RRM measurement, different periodicities between CSI-RS resources within the same cell would not be necessary. But different CSI-RS periodicities may be applied to different cells in terms of flexibility. Just like SS/PBCH block based RRM measurement timing configuration, it would be beneficial if multiple periodicities for CSI-RS measurement window are supported and notified for intra-frequency CONNECTED mode measurement. However, UE complexity on RRM measurement would increase. Considering more number of CSI-RS resources than SS/PBCH blocks would need to be measured for a cell, the UE complexity issue is severer for CSI-RS based RRM measurement. Therefore, it is preferred that single measurement timing configuration could be provided per carrier for intra-frequency measurement and inter-frequency measurement based on CSI-RS. Similar as SMTC, the candidate values for measurement window duration for CSI-RS based measurement could be {0.5, 1, 2, 3, 4, 5} ms.
Proposal 15: Regarding the CSI-RS based RRM measurement timing configuration (CMTC), only single measurement timing configuration is configured per frequency carrier for intra-frequency measurement and inter-frequency measurement.
· NR supports {0.5, 1, 2, 3, 4, 5} ms as candidate values for CMTC window duration. 
3.3. Definition of CSI-RSRQ/CSI-SINR  

At the last RAN1 meeting, the resources and the UE Rx beam used for RSSI/interference measurement were discussed. But there are still some remaining issues on resources for RSSI/interference measurement and cell-level CSI-RSRQ and CSI-SINR definition.
Resources for RSSI/interference measurement

In TS 38.215 [5], CSI-RSRP is defined as the average over the power contributions of the resource elements that carry CSI reference signals configured for RSRP measurements within the considered measurement frequency bandwidth in the configured CSI-RS occasions. The resources for RSSI/interference measurement can be also based on the CSI-RS configuration for CSI-RSRP measurement. For example, RSSI/interference measurement can be measured on the symbols/REs that carry CSI-RS configured for CSI-RSRP measurements within the configured measurement bandwidth. In some case, such measured RSSI/interference could not reflect real interference condition brought by data transmission of neighboring cells. For example, in synchronized network, CSI-RS time locations from different cells may be aligned and data may not be FDMed on those symbols due to large number of NZP/ZP CSI-RS resources. In that case, measured RSSI/interference on CSI-RS symbols/REs may not include realistic interference caused by data transmission of different cells. Therefore, there may be a need to support configurable RSSI/interference measurement resource associated with each CSI-RS in order to measure more realistic interference condition in some cases. 
Proposal 16: For CSI-RSRQ and CSI-SINR measurement, NR at least supports RSSI/interference measurement on the symbols/REs that carry CSI-RS configured for CSI-RSRP measurements within the configured measurement bandwidth.
· FFS: whether NR supports configurable resources for RSSI/interference measurement for CSI-RSRQ/CSI-SINR measurement for CONNECTED UE.

Beam-level and/or cell-level RSRQ/RS-SINR measurement

Similar as discussion for SS-RSRQ, the CSI-RSRQ results for different CSI-RS resources on a frequency may not be consistent with CSI-RSRP results due to more fluctuated interference for different CSI-RS resources. Therefore, beam-level CSI-RSRQ/CSI-SINR measurement would be beneficial in NR for intra-frequency measurement in addition to inter-frequency measurement. RAN2 has agreed that cell-level RSRP based on CSI-RS can be derived from CSI-RSRP of N best beams. Similar discussion is needed to decide whether cell-level RSRQ/RS-SINR based on CSI-RS should be defined or not, and how to derive cell-level RSRQ/RS-SINR if defined.
Proposal 17: NR supports beam-level CSI-RSRQ/CSI-SINR based on CSI-RS resource. 
· It is up to RAN2 whether cell-level CSI-RSRQ/CSI-SINR based on one or multiple CSI-RS resource(s) is defined or not, and how to derive if defined.
4. Conclusion 

In this contribution, we discussed remaining issues on measurement for mobility management such as measurement configuration, the definition of RSRQ/RS-SINR based on SS/PBCH block and CSI-RS, and so on. Based on the discussion, we made following proposals. 

Proposal 1: For inter-frequency CONNECTED mode measurement based on SS/PBCH block, NR supports to configure single SMTC per frequency carrier (i.e., multiple SMTCs for multiple inter-frequency carriers).
Proposal 2: NR supports {0.5, 1, 2, 3, 4, 5} ms as candidate values for SMTC window duration.
Proposal 3: Regarding the RSSI/interference measurement resource in time domain, NR supports RSSI/interference measurement only within DL part, and NR supports to explicitly configure the measurement resources in the SI for IDLE mode and in the RRC signaling for CONNECTED mode.
Proposal 4: NR supports beam-level SS-RSRQ/SS-SINR measurements based on SS/PBCH block. 
· It is up to RAN2 whether cell-level SS-RSRQ/SS-SINR based on one or multiple SS/PBCH block(s) is defined or not, and how to derive if defined.

Proposal 5: NR supports to configure RRM measurement on multiple SS/PBCH block frequency locations within wideband CC.

· Measurement reporting in such case is based on the measurement results on multiple SS/PBCH block frequency locations, and would need to include frequency location index information for each measurement result.
Proposal 6: By default, a UE may not assume that antenna ports used for transmissions of SS/PBCH blocks with different frequency locations within a CC (even with same indexes) are quasi-collocated with respect to spatial, average gain, delay and Doppler parameters.
Proposal 7: In case that RRM measurement on multiple SS/PBCH block frequency locations within wideband CC is supported, a single SMTC is applied for measurement on multiple SS/PBCH blocks for a cell 
Proposal 8: NR supports to configure more than 96 CSI-RS resources for CSI-RS based RRM measurement on a carrier.

· The maximum number of CSI-RS resources for configuration should consider the maximum number of CSI-RS resources within a RB/slot and the maximum number of RBs/slots within measurement window duration.
Proposal 9: NR supports the additional periodicity of {80, 160} ms for CSI-RS based RRM measurement.
Proposal 10: NR supports 1 CSI-RS port based RRM measurement for L3 mobility.
Proposal 11: NR supports at least bandwidth of active bandwidth part as candidate measurement bandwidth for CSI-RS based RRM measurement in addition to minimum carrier bandwidth.
Proposal 12: NR supports following modes for CSI-RS based RRM measurement, and either mode 1 or mode 2 is configured to UE for performing CSI-RS based RRM measurement.
· Mode 0: CSI-RS based RRM measurement and reporting are not performed (by default)
· Mode 1: CSI-RS based RRM measurement and reporting only on listed cells are performed

· Mode 2: CSI-RS based RRM measurement and reporting on both listed cells and detected cells are performed
Proposal 13: For the methods to obtain configuration parameters for CSI-RS for L3 mobility,
· NR supports configuration of a parameter that is valid for one CSI-RS resource (Method 1) for listed cells.

· NR supports common resource configuration by configuration of a parameter that is valid for all CSI-RS resources on a carrier frequency (Method 2), or valid for a group of CSI-RS resources on a carrier frequency (Method 4).

· Following configuration parameters are included in the common resource configuration.

· CSI-RS resource set such as time/frequency resource pool configuration (e.g., measurement window duration and measurement bandwidth)

· Timing configuration such as periodicity and timing offset of the resource set (e.g., measurement window periodicity and offset)
· Antenna port assumption such as number of antenna ports for CSI-RS(s) in the resource set

· NR supports that UE derives a parameter that is valid for all CSI-RS resources associated with detected cells on a carrier frequency, at least partly, from the cell ID (Method 3), or NW provides a parameter that is valid for CSI-RS resources associated with detected cells on a carrier frequency, e.g. based on UE measurement reporting (Method 5).
Proposal 14: NR supports UE-group-specific configuration signaling of CSI-RS for RRM measurement.

Proposal 15: Regarding the CSI-RS based RRM measurement timing configuration (CMTC), only single measurement timing configuration is configured per frequency carrier for intra-frequency measurement and inter-frequency measurement.
· NR supports {0.5, 1, 2, 3, 4, 5} ms as candidate values for CMTC window duration. 
Proposal 16: For CSI-RSRQ and CSI-SINR measurement, NR at least supports RSSI/interference measurement on the symbols/REs that carry CSI-RS configured for CSI-RSRP measurements within the configured measurement bandwidth.
· FFS: whether NR supports configurable resources for RSSI/interference measurement for CSI-RSRQ/CSI-SINR measurement for CONNECTED UE.

Proposal 17: NR supports beam-level CSI-RSRQ/CSI-SINR based on CSI-RS resource. 
· It is up to RAN2 whether cell-level CSI-RSRQ/CSI-SINR based on one or multiple CSI-RS resource(s) is defined or not, and how to derive if defined.
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