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1. Introduction

Followings are agreements on RRM measurements made during the previous RAN1 meetings [1]:

	Agreements:
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR

· Configurable periodicity (as already agreed)

· {5, 10, 20, 40, [80, 160]} ms are supported
· This does not mean periodicity will be configured per CSI-RS resource
· Configurable transmission bandwidth (as already agreed)

· FFS candidate values

· Configurable measurement bandwidth (as already agreed) and frequency location

· At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported

· FFS other candidate values for wider bandwidth for each SCS

· Measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported

· Configurable parameters for sequence generation 

· Configurable numerology

· For each frequency range, subcarrier spacing values applicable to data, CSI-RS for beam management and SS block in the frequency range are supported

· Association between CSI-RS for RRM measurement and SS block
· It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused
· Configurable CSI-RS time/frequency resource (as already agreed)

· CSI-RS design including RE mapping and density for beam management is assumed as baseline
· Note that above properties are relevant for RAN4 RRM measurement evaluations and not intended to be an exhaustive list of properties



Based on the agreements, we discuss details of CSI-RS configuration for RRM measurement in this document.
2. Definition of RSRP 

In LTE system, CSI-RSRP is defined where the reference point is the antenna connector, and similar definition can be used as RSRP for CSI-RS in NR system as follows [2] with additional definition for antenna connector (it might be a discussion item of RAN4).
In NR system, a diversity branch (receiver antenna port) may consist of multiple antenna element for analog beamforming and we need to specify the exact measurement point. When we discuss about MCL or channel quality which UE experiences, it includes antenna gain including beamforming gain. Therefore, antenna connector should be defined as the position after the analog beamforming is done.
	Definition
	CSI reference signal received power (CSI-RSRP), is defined as the linear average over the power contributions (in [W]) 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.

For CSI-RSRP determination CSI reference signals according to 3GPP TS 38.211 [4] shall be used.

CSI-RSRP per cell shall be derived by the UE by linear averaging over best N CSI-RSRP above absolute configured threshold.

[The reference point for the CSI-RSRP shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding CSI-RSRP of any of the individual diversity branches.]


3. CSI-RS resource configuration
3.1. Periodicity
Basic property of CSI-RS for L3 mobility we have to decide would be the periodicity of CSI-RS, i.e. whether the CSI-RS is periodic or aperiodic. Triggering CSI-RS in aperiodic manner would lead to downlink control overhead and it is not easy to trigger neighbour cell’s CSI-RS transmission for L3 mobility dynamically. Therefore, considering the UE behaviour of L3 mobility, CSI-RS for L3 mobility should be transmitted periodically. 
During the discussion on the periodicity of SSB for mobility, the periodicity set of SSB was determined to be {5ms, 10ms, 20ms, 40ms, 80ms, 160ms}. CSI-RS would be used as a complementary RS to SSB for support of stable mobility in case of longer periodicity of SSB as well as for mobility in fine beam level. Therefore, the longer periodicity of CSI-RS might not be needed, and it is proposed that {5ms, 10ms, 20ms, 40ms} is used as the periodicity set of CSI-RS for RRM measurement. Measurement periodicity is configured per resource by CSI-RS resource configuration in UE-dedicated signalling message, at least for intra-frequency measurement.
Proposal 1: {5ms, 10ms, 20ms, 40ms} can be configured for the periodicity of CSI-RS, and {80ms, 160ms} is not supported for mobility measurement based on CSI-RS.
3.2. Measurement bandwidth
In LTE system, C-RS is used for RRM measurement and the measurement bandwidth for C-RS is configured because the system bandwidth of neighbour cell may be different with serving cell. However, it does not means that UE does not fully use C-RS over measurement bandwidth in order to minimize UE complexity to the extent that it meets the minimum performance requirement. With same strategy in NR system, measurement bandwidth of CSI-RS to be applied for all neighbour cell can be configured through UE-dedicated RRC configuration message and is common to all CSI-RS resources. From the perspective of UE, the information means the maximum allowed measurement bandwidth and it is an implementation issue how much the bandwidth of CSI-RS is actually used for measurement by UE. 
Proposal 2: (Maximum allowed) Measurement bandwidth of CSI-RS signalled by UE-dedicated RRC message in common to all CSI-RS resources and how much part is used as measurement bandwidth by UE is an implementation issue.
3.3. Numerology of CSI-RS
Basically it is beneficial that sub-carrier spacing of CSI-RS is based on SCS of data channel in order to facilitate resource assignment, but SCS of data channel in neighbour cell might not be possibly same with serving cell. Therefore, sub-carrier spacing of CSI-RS may be semi-statically configured per cell or per frequency with RRC configuration message. Among them, per-frequency configuration of SCS of CSI-RS is preferable in terms of UE complexity.
Proposal 3: Symbol duration of CSI-RS is based on SCS of data channel and it is configured per frequency through UE-dedicated RRC configuration message. 
3.4. Resource configuration and RE mapping
For intra-frequency measurement, information on CSI-RS resource should be configured per resource for efficient resource usage, and consists of time and frequency resource information. Information for time resource can be given as absolute symbol position based on SFN, frame and slot boundary for each target cell, which are determined by SSB timing information. Information for frequency resource consists of starting RB position within bandwidth part, RE density and RE position within a RB.
Proposal 4. For intra-frequency measurement, information on CSI-RS resource should be configured per resource for efficient resource usage, and consists of time and frequency resource information.
· Timing information : absolute symbol position based on SFN, frame and slot boundary for target cell

· Frequency information : starting RB position within BWP, RE density and RE position within a RB
.

As mentioned in above, time information for CSI-RS resource is based on SFN, frame and slot boundary, which can be obtained by decoding PBCH, at least for above 6GHz frequency band. However, in case of inter-frequency measurement, PBCH performance could not be guaranteed because full combining for HARQ might be not possible depending on measurement gap configuration. Therefore, it might occur that UE could not derive symbol position for CSI-RS resources regardless of CSI-RS resource configuration unless CSI-RS resource is confined within symbols for QCLed SSB. Based on the discussion, it is proposed that CSI-RS-based RRM measurement is allowed only for the case that time resource for CSI-RS is configured within symbols of QCLed SSB for inter-frequency measurement.
Proposal 5: For inter-frequency measurement, CSI-RS-based RRM measurement is allowed only for the case that time resource for CSI-RS is confined within symbols of QCLed SSB. Otherwise, CSI-RS-based RRM measurement should not be configured at least for above 6GHz.
3.5. QCL information and Contents of measurement report
CSI-RS does not have self-synchronization property and needs physical cell ID in order to obtain time location of CSI-RS resources. In addition, since SSB might be helpful to alleviating UE complexity for RRM measurement, and it is preferable that spatial QCL information with SSB is given as a configuration parameter. In summary, QCL information should include information on which SSB CSI-RE resources are spatially QCLed as well as PCID for timing synchronization, and it is configured per resource.
Proposal 6: Information on spatially QCLed SSB index is configured together with PCID, and it is per-resource information.
Depending on whether or not a CSI-RS is associated with SSB, the measurement report contents may differ. When CSI-RS RSRP based measurement event is triggered, it would be better to report SSB RSRP in addition to CSI-RS RSRP if the CSI-RS is associated with the SSB. If the CSI-RS is not associated with a SSB, there is no need to report SSB when UE has to report CSI-RS RSRP. In addition, if CSI-RS resource is not configured for a certain cell, only SSB RSRP could be reported for the cell.
Proposal 7: Depending on QCL information per CSI-RS resource, the measurement report contents includes :

· CSI-RS RSRP and SSB RSRP in case of QCL with SSB

· CSI-RS RSRP in case of no QCL

· SSB RSRP in case of cell without CSI-RS resource configuration

3.6. Parameters of scrambling sequence

Basically, scrambling sequence for CSI-RS could be initialized by virtual cell ID and virtual cell ID can be allocated to CSI-RS resource by gNodeB according to cell deployment, where beam or TRP information can be included in virtual cell ID. Based on the assumption, over 10-bit scrambling ID can be used for initialization of CSI-RS scrambling sequence and it is configured per resource through RRC message. Additionally, slot information can be considered as initialization information of sequence for interference randomization.
Proposal 8: At least over 10-bit scrambling ID can be configured per resource for initialization of CSI-RS scrambling sequence.
In wideband CC scenario, it might be expected that CSI-RS shared by UEs is allocated over whole bandwidth in a network perspective. In this scenario, narrowband UEs could show a part of the CSI-RS sequence and use only the part for neighbour cell measurement. Therefore, additional information as well as the initialization information of sequence generator may need to be signalled in order to assist UEs to extract the sequence mapped to configured BWP within whole bandwidth, and it is related to the sequence-to-RE mapping. As the first point of discussion, we need to define reference point (the RE position where the first bit generated from sequence generator is mapped) for sequence-to-RE mapping, and two candidates can be taken into consideration.

· Option 1. Reference point is set to the first RE position for reference signal within the whole system bandwidth.

· Option 2. Reference point is set to virtual RE position (it is similar to LTE system, where the reference point is the first resource element for reference signal assuming maximum number of RB allocation)

If the center frequency of system is aligned with the frequency which UE tunes during initial access procedure and the band agnostic operation is needed (e.g. measurement operation with CRS in LTE system), option 2 is preferable. However, since center frequency alignment may not be supported in NR system, there is no reason to use option 2. Therefore, it is proposed that the first RE position for reference signal within the whole system bandwidth is used as reference point of sequence-to-RE mapping.
Next, as discussed in above, the information on where the configured BWP is located in the whole system bandwidth should be signalled to UE, and UE can determine which part of CSI-RS sequence can be used for RSRP measurement based on the signalling information. For the full information of BWP configuration, the center frequency of the system, the system bandwidth and the center frequency and the bandwidth of configured BWP could be provided and they are used for CSI-RS sequence generation in UE. However, if the information is used only for CSI-RS sequence generation, the full information is too redundant and it is enough to signal only the starting RB offset of configured BWP. In this situation, considering support of multiple numerology in NR system, starting RB offset value depends on the numerology. Therefore, it seems more general that the starting RB offset is expressed as sequence offset for sequence generation.
Proposal 9: The first RE position for reference signal within the whole system bandwidth is used as reference point for CSI-RS sequence generation and RE mapping. Sequence offset is signalled to UE for CSI-RS sequence generation.
4. CSI-RS measurement for cell not to be included in cell list
When a network configures UEs CSI-RS based measurements, the network should provide CSI-RS configurations per resource and the neighbour cell list. The number of neighbour cell list or CSI-RS resources can be limited in order to reduce signalling overhead. In order to prevent periodic broadcasting of the CSI-RS configurations, the CSI-RS configuration information should be given via UE dedicated RRC signalling. When a UE detects SSB of a cell, which is not in the neighbour cell list or whose CSI-RS configuration is not given to the UE, UE may request CSI-RS configuration for that cell. 
Proposal 10: When a UE detects SSB of a cell, which is not in the neighbour cell list or whose CSI-RS configuration is not given to the UE, UE may request CSI-RS configuration for that cell using measurement report.
5. Conclusion
In this contribution, we discussed CSI-RS based RRM measurement and proposed as follows, which can be summarized as table 1:
Proposal 1: {5ms, 10ms, 20ms, 40ms} can be configured for the periodicity of CSI-RS, and {80ms, 160ms} is not supported for mobility measurement based on CSI-RS.
Proposal 2: (Maximum allowed) Measurement bandwidth of CSI-RS signalled by UE-dedicated RRC message in common to all CSI-RS resources and how much part is used as measurement bandwidth by UE is an implementation issue.
Proposal 3: Symbol duration of CSI-RS is based on SCS of data channel and it is configured per frequency through UE-dedicated RRC configuration message. 

Proposal 4. For intra-frequency measurement, information on CSI-RS resource should be configured per resource for efficient resource usage, and consists of time and frequency resource information.

· Timing information : absolute symbol position based on SFN, frame and slot boundary for target cell

· Frequency information : starting RB position within BWP, RE density and RE position within a RB
Proposal 5: For inter-frequency measurement, CSI-RS-based RRM measurement is allowed only for the case that time resource for CSI-RS is configured within symbols of QCLed SSB. Otherwise, CSI-RS-based RRM measurement should not be configured at least for above 6GHz.
Proposal 6: Information on spatially QCLed SSB index is configured with PCID, and it is per-resource information.
Proposal 7: Depending on QCL information per CSI-RS resource, the measurement report contents include :

· CSI-RS RSRP and SSB RSRP in case of QCL with SSB

· CSI-RS RSRP in case of no QCL

· SSB RSRP in case of cell without CSI-RS resource configuration
Proposal 8: At least over 10-bit scrambling ID can be configured per resource for initialization of CSI-RS scrambling sequence.
Proposal 9: The first RE position for reference signal within the whole system bandwidth is used as reference point for CSI-RS sequence generation and RE mapping. Sequence offset is signalled to UE for CSI-RS sequence generation.
Proposal 10: When a UE detects SSB of a cell, which is not in the neighbour cell list or whose CSI-RS configuration is not given to the UE, UE may request CSI-RS configuration for that cell using measurement report.
Table 1. Resource & Measurement configuration

	
	Configuration unit
	Comment

	Periodicity
	Per resource
	Same with resource configuration

	Measurement bandwidth
	Resource common
	

	Numerology
	Resource common
	

	Resource configuration
	Per resource
	Confined within OFDM symbols including SSB in case of inter-freq. measurement

	PCID & QCL information
	Per resource or resource group
	

	Virtual cell ID (over 16 bits)
	Per resource
	Scrambling sequence intialization
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