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1. Introduction

Followings are part of agreements on RRM measurements made during the previous RAN1 meetings [1][2]:

	Agreements:
· At least the following properties of a CSI-RS for L3 mobility can be signalled to the UE using dedicated signaling:
· NR Cell ID
· timing configuration, including time offset and periodicity
· number of antenna ports
· configurable time/frequency resource to indicate RE mapping
· configurable transmission/measurement bandwidth 
· Note: it relates to wideband operation
· parameters for sequence generation
· FFS: configurable numerology
· FFS: Spatial QCL assumption e.g. QCL between SS block and CSI-RS
· FFS: Which parameters are common or partial-common to multiple CSI-RSs

· FFS: Serving cell assists to derive the reference time of target cell in synchronous system

Agreements:
· For CONNECTED mode RRM measurement for L3 mobility based on CSI-RS, NR supports following targets for CSI-RS design and configuration:
· Design:
· Reuse CSI-RS design for beam management as baseline
· Identify additional requirements on the CSI-RS to support L3 mobility
· Configuration:
· Support measurement of a large number of beams
· Minimize configuration overhead, reporting overhead, and UE complexity 
· FFS: Detailed signaling or format
Agreements:
· For Connected mode, CSI-RS are supported to be configured using at least dedicated RRC signaling for DL based RRM measurement for L3 mobility.
· Note that signalling other than dedicated RRC signalling is not precluded
Agreements:
· The time synchronization reference for a CSI-RS for L3 mobility is the frame/slot/symbol timing of a cell.

· Note: The frame/slot/symbol timing of the cell can be obtained from an SS block

· FFS: Note: timing synchronization between CSI-RS and SS block of the cell is assured. Timing synchronization refers to frame/slot/symbol timing.

· NR cell ID for time reference of CSI-RS(s) is informed to the UE
Agreements:
· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 

· The other QCL parameters not precluded 

· FFS: indication either explicit or implicit or configurable or a default

· Note: default assumption may be no QCL

· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling

· Note that MAC-CE is not always needed
· FFS: necessity of DCI signalling
· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters


Based on the agreements, we discuss the configuration of CSI-RS for RRM measurement and DL measurement based RRM measurement in NR focusing on CSI-RS based measurements in more detail in this document.
2. Discussion
2.1. Periodicity 
CSI-RS is used for several purposes in NR; in order to determine DL MCS/resource allocation, to manage DL beams and L3 mobility. Properties of CSI-RS for channel quality measurement will be different from that for beam management/mobility. Configurations of CSI-RS for L3 mobility is decided to reuse configurations of CSI-RS for beam management though details of configurations of CSI-RS for beam management is not yet clear. 

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 DL control overhead and it is not that easy to trigger neighbour cell CSI-RS transmission for L3 mobility dynamically. Considering the UE behaviour of L3 mobility, CSI-RS for L3 mobility should be transmitted periodically. 
During the discussion on the periodicity of SS block for mobility, the periodicity set of SS block was determined to be {5ms, 10ms, 20ms, 40ms, 80ms, 160ms}. CSI-RS would be used as a complementary RS to SS block for support of stable mobility in case of longer periodicity of SS block 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} is used as the periodicity set of CSI-RS for RRM measurement.
Proposal 1: Considering the UE behaviour of L3 mobility, CSI-RS for L3 mobility should be transmitted periodically, and the periodicity of CSI-RS is configured to be at least less than 20ms. 

2.2. 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, transmission bandwidth of CSI-RS to be applied for all neighbour cell can be configured through UE-dedicated RRC configuration message. 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: Transmission bandwidth of CSI-RS is signalled by UE-dedicated RRC message and how much part is used as measurement bandwidth is an implementation issue.
2.3. Numerology of CSI-RS
Sub-carrier spacing
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.
Sub-time unit transmission

[image: image1]In last meetings, agreement for beam management CSI-RS was made as above, and some candidates of sub-time unit transmission were provided for receiving beam sweeping or transmission beam sweeping in an OFDM symbol. Larger sub-carrier spacing among them needs larger implementation complexity (different sampling rate and FFT size and additional receiving filter for different numerology) as well as low spectrum efficiency from guard sub-carriers. Therefore, IFDMA seems more suitable for sub-time unit smaller than a OFDM symbol. Details for sub-time unit transmission scheme will be discussed in a session on CSI-RS design.
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. IFDMA is proposed for sub-time unit transmission within an OFDM symbol.
2.4. QCL information and Contents of measurement report
In connected mode, CSI-RS is used for the DL measurement in addition to SS block. There can be multiple of SS blocks producing multiple SS block RSRPs and multiple of CSI-RS can be configured per SS block. Since a UE keeps track of CSI-RS based RSRP in addition to SS block RSRP during connected mode, the relationship between the SS block RSRP and the CSI-RS based RSRP can be helpful to UEs 

CSI-RS can be associated a SS block. In other words, UE detects SS block first and obtains time/frequency synchronization and definitely time/frequency synchronization of CSI-RS comes from SS blocks per cell. In addition, part of spatial information can be from the SS block if we assume SS block is rather wider than CSI-RS and there can be multiple CSI-RSs within SS block beam width. A set of CSI-RSs can be defined within a specific SS block beam width and this information should be provided to UEs, which was agreed in CSI-RS design session of last meeting as follows.
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On the other hand, if transmission period of SS block is much longer than that of CSI-RS, this kind of relationship between CSI-RS and SS block may not be helpful to UE to get spatial information. Hence, in this case, there can be the case that CSI-RS is not associated with a specific SS block. 
Depending on whether or not a CSI-RS is associated with SS block, the measurement report contents may differ. When CSI-RS RSRP based measurement event is triggered, it would be better to report SS block RSRP in addition to CSI-RS RSRP if the CSI-RS is associated with the SS block. If the CSI-RS is not associated with a SS block, there is no need to report SS block when UE has to report CSI-RS RSRP. In addition, if CSI-RS resource is not configured for a certain cell, only SS block RSRP could be reported for the cell
Proposal 4: A part of spatial information can be exploited from a SS block if the beam width of SS block is super set but limited set of the beam width of CSI-RS. 
2.5. 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 cell and the neighbour cell list. The number of neighbour cell list or CSI-RSs 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 SS block 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 5: When a UE detects SS block 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.
3. Conclusion
In this contribution, we discussed CSI-RS based RRM measurement and proposed as follows:
Proposal 1: Considering the UE behaviour of L3 mobility, CSI-RS for L3 mobility should be transmitted periodically, and the periodicity of CSI-RS is configured to be at least less than 20ms. 

Proposal 2: Transmission bandwidth of CSI-RS is signalled by UE-dedicated RRC message and how much part is used as measurement bandwidth 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. IFDMA is proposed for sub-time unit transmission within an OFDM symbol.

Proposal 4: A part of spatial information can be exploited from a SS block if the beam width of SS block is super set but limited set of the beam width of CSI-RS. 
Proposal 5: When a UE detects SS block 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.
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Agreements: [3]


Confirm the WA of CSI-RS for Beam Management in RAN1 #88bis (copied below).


For CSI-RS for Beam Management, NR supports sub-time units equal to and smaller than an OFDM symbol in a reference numerology


FFS details including configurability, e.g., taking into account UE implementation complexity/capability and impact on CSI-RS design 


FFS the case of time unit larger than an OFDM symbol in a reference numerology


E.g., 


Opt-1: IFDMA 


Opt-2: Larger subcarrier spacing 


Opt-3: DFT-based


Down-select from the below options when sub-time unit smaller than an OFDM symbol in a reference numerology:


Opt-1: IFDMA


Opt-2: Larger subcarrier spacing 


Opt-3: DFT-based 


Note: for beam management, the reference numerology for a bandwidth part is determined based on the UE-specific configuration for the bandwidth part





Agreements: [4]


Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 


The other QCL parameters not precluded 


FFS: indication either explicit or implicit or configurable or a default


Note: default assumption may be no QCL








