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1 Introduction

In RAN1 June Ad-Hoc meeting, the following properties of CSI-RS are agreed for L3 mobility:
	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


In this contribution, we would like to discuss the configuration of CSI-RS for L3 mobility. 
2 CSI-RS in NR

Unlike LTE, NR CSI-RS supports additional functionalities such as beam management and L3 mobility. In order for CSI-RS design in NR, we first need to understand the differences of LTE and NR. Table 1 compares the LTE and NR CSI-RS in terms of purpose, use case, and configuration. In order to support such additional functionalities, RAN1 provides L1 parameters to be mapped into two distinctive RRC IEs. Table 1 also shows the mapping of L1 parameters and IEs in TS 38.331 as follows: 
Table 1 CSI-RS parameter and purpose mapping

	L1 parameter
	RAN2 IEs 
(draft TS 38.331)
	Purpose
	Configuration

	MeasConfig
	CSI-MeasConfig
	To configure the UE for measuring CSI-RS (reference signals) and for reporting those measurements on L1 (PUCCH, PUSCH) as channel state information. 
(CQI Feedback & Beam Mgmt)
	Intra-cell UE-specific config.
under  ServingCellConfigDedicated
IE

	CSI-RS-Config-Mobility
	CSI-RS-ResourceConfig-Mobility
	To be used for for CSI-RS based RRM measurements
(L3)
	Inter-cell UE-specific config.
under MeasObjectNR IE


Observation1:  NR has ‘TWO’ distinctive IEs in different configuration, for ‘THREE’ different purposes:

· CSI-MeasConfig   for intra-cell CQI feedback and beam management

· CSI-RS-ResourceConfig-Mobility   for inter-cell RRM measurement
3 RAN1 status regarding CSI-MeasConfig IE design

The CSI-MeasConfig IE is used for two different purposes: CSI acquisition and/or beam management. 
The RAN2 endorsed CSI-MeasConfig IE which has the following architecture considering 3-level CSI-RS configurations, consisting of CSI-ResourceConfigurations, CSI-ResourceSets, and CSI-RS-Resources. 

Table 2 TS 38.331 CSI-MeasConfig

	CSI-MeasConfig

· List of CSI-ResourceConfigurations
· CSI-ResourceConfigurationId

· resourceType (aperiodic, periodic, semiPersistent)

· List of CSI-ResourceSets
· CSI-ResourceSetId

· repetition (ON, OFF)

· List of CSI-RS-Resources
· CSI-RS-ResourceId

· resource specific configuration parameters
· List of CSI-ReportConfigurations

· CSI-ReportConfigId 
· report specific configuration parameters
· List of CSI-MeasIdToAddMod

· CSI-MeasId

· CSI-RS-ConfigurationId
· CSI-ReportConfigId 


After the previous October RAN1#90bis meeting, RAN1 made additional agreements regarding the CSI-RS design for CSI-acquisition and beam management, as follows: 
Table 3 Additional RAN1 agreements related with CSI-MeasConfig IE design
	[90b-NR-14] – Sebastian (Ericsson)
Emails discussion on resource setting for P/SP/AP CSI, until Oct 27th.

Done: As per RAN1 chair’s decision posted on Nov 1st, the following is agreed:
Agreements:
        For both CSI acquisition and beam management, an aperiodic Resource Settings can contain more than one CSI-RS Resource set
        For CSI acquisition, periodic and semi-persistent Resource Settings contain only one CSI-RS Resource set


Now, with the above agreement, we can have multiple CSI-RS resource set for aperiodic CSI-RS configuration. Moreover, we can identify the restriction that the periodic or semi-persistent CSI-RS configuration for CSI-acquisition will have only one CSI-RS resource set. Note that still RAN1 did not made any agreement regarding periodic or semi-persistent CSI-RS configuration for beam management. 
Observation2:  Regarding the number of CSI-RS resource sets, 

· Multiple CSI-RS resource sets are supported for aperiodic CSI-RS config. for CSI acquisition and beam management.
· Single CSI-RS resource set is supported for periodic/semi-persistent CSI-RS config. for CSI acquisition
· FFS # of CSI-RS resource sets supported for periodic/semi-persistent CSI-RS config. for beam management. 
Since RAN1 already agreed to have multiple CSI-RS resource sets, now we have at least hierarchical architecture of CSI-RS configuration in case of aperiodic CSI-RS. 
4 CSI-RS for L3 mobility

Compared with CSI-MeasConfig IE, CSI-RS for L3 mobility needs more work. Endorsed CSI-RS-ResourceConfig-Mobility IE is just a list of L1 parameters without considering any hierarchical architecture such as ‘CSI-RS resource set’ or ‘CSI-RS resource configuration’. Since the current configuration is just list of L1 given parameters, we first propose to have hierarchical structure of CSI-RS configuration architecture like CSI-MeasConfig, due to the following reasons: 

Reason 1: To reuse the common IEs (e.g., CSI-Resource, CSI-ResourceSet) from CSI-MeasConfig IE.

Based on the following RAN1 agreement from RAN1#88bis (Table 8) and RAN1#89 (Table 9),  RAN1 agreed to have the same design of CSI-RS for both intra-cell use and RRM : 
Table 4 RAN1 agreements on CSI-RS design at RAN1#88bis

	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


Table 5 RAN1 agreements on CSI-RS design at RAN1#89

	Agreements:
· RAN1 provides the following response to Question 1 (response to R1-1709061):
· The design of CSI-RS for L3 mobility should reuse the CSI-RS design for beam management as a baseline. 

· …

· Prepare draft reply LS to RAN2 in R1-1709449 – Patrick (ZTE)


Also, if we reuse the same IEs used in CSI-MeasConfig, future maintenance and update of CSI-RS related configuration can become efficient. In order to reuse such CSI-RS configuration related IEs, we shall adopt hierarchical architecture similar as CSI-MeasConfig also for CSI-RS-ResourceConfig-Mobility IE. 
Reason 2: To reduce the signaling overhead due to the number of CSI-RS resources over multiple cells.

Another reason is to reduce the signaling overhead. Let’s assume that all the configuration parameters are configured per CSI-RS resource. Then, a cell need configure 256 and 1024 CSI-RS resources (32 beams per 8 cells ~ 128 beams per 8 cells), hence the total number of bits become ~14,000 and ~55,000 bits. Therefore, configuring all the parameters per resource is clearly infeasible, and this gives strong motivation to structure the CSI-RS resource configuration parameters. (Considered Periodicity and offset 11 bits, Numerology 2 bits, PCID 10 bits, Scrambling ID 10 bits, Tx BW [4] bits, Measurement BW [4] bits, RE mapping configuration 7 bits, and other info. 8 bits)
Observation 3: Configuring all the CSI-RS parameters in the resource level results in huge configuration overhead, about ~55,000 bits to configure 1024 CSI-RS resources.
Also, among the configuration parameters, there are lots of redundant common information such as cell id, CSI-RS transmission period, bandwidth, density, and so on. Therefore, such common information shall not be duplicated in each CSI-RS resource configuration, but they shall be transmitted only once using hierarchical architecture. 
Proposal 1: NR CSI-RS configuration for RRM measurement should have hierarchical architecture in order to reuse the IE used in CSI-MeasConfig and reduce the configuration overhead.
Regarding the periodic/ aperiodic/ semi-persistent CSI-RS, since the CSI-RS design for L3 mobility is transmitted for anonymous neighbor UE, NR only needs to support ‘periodic’ configuration of CSI-RS sets for all the neighbor cells. 
Proposal 2: NR CSI-RS configuration for RRM measurement shall support only ‘periodic’ CSI-RS resource configuration. 

Also, unlike CSI-MeasConfig, CSI-RS-ResourceConfig-Mobility shall contain different CSI-RS configurations from different neighbour cells. Each cell will configure different CSI-RSs with different parameters and it is natural and straightforward for NR gNB to signal CSI-RS configurations of different cells, in the order of cells and their configurations. 
4.1 Parameters and associated level of configuration
Considering that we have hierarchical architecture of CSI-RS for RRM, we need to first understand and distinguish parameters required for CSI-RS measurement and associated compatible level of configuration for that parameter. In this paper, we discuss the parameters discussed/ partially agreed in RAN1 and discuss the compatible level of configuration, based on RAN1 agreement made during e-mail discussions after RAN1#90 bis. At the below table the first three columns are RAN1 agreed RRC parameters of CSI-RS configuration for RRM. (ver.7 at 17-11-18). 
Table 6 RAN1 agreed recent RRC parameters for CSI-RS configuration for RRM
	RRC parameter
	Description
	Value range/ 
sub-parameters
	Compatible level of configuration

	CellId
	Cell ID for CSI-RS

	{0, 1, …, 1007}
	Cell

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

	nrofAntennaPorts
	Number of ports for CSI-RS
	
	Resource 

	resourceElementMappingPattern
	RE mapping pattern for CSI-RS
	
	Resource 

	sequenceGenerationConfig
	Sequence generation parameter for CSI-RS
	
	Cell or
Resource Set

	slotConfig
	Contains periodicity and slot offset for periodic/semi-persistent CSI-RS
	Paeriodicities of 5, 10, 20, 40, [80, 160] and the corresponding offsets


	Cell or
Resource Set

	csi-rs-TransmissionBW
	Transmission BW for CSI-RS
	
	Cell or
Resource Set

	csi-rs-MeasurementBW
	Mesurement BW for CSI-RS
	
	Cell or
Resource Set


With the above table and considerations of hierarchical architecture, we can discuss the possible options for CSI-RS configuration for RRM measurement.  Some of the parameters such as Cell ID and SubCarrierSpacing are common among CSI-RS resources configured from the same cell. Hence, the suitable level of configuration for such parameters are Cell level. However, there are some Resource specific parameters such as nrofAntennaPorts and REMappingPattern. And also there are parameters that needs to be decided its level of configurations. 
In order to have efficient, consistent, and simplified hierarchical architecture of CSI-RS configuration for RRM measurement, we propose RAN2 to take into account the above parameters and compatible levels of configurations. 

Proposal 3: RAN2 needs to discuss and decide the required parameters and their compatible level of configurations as in Table 6. 
4.2 Options for CSI-RS configuration for RRM measurement
Considering the above proposals and CSI-MeasConfig IE, we would like to discuss the following options for designing CSI-RS-ResourceConfig-Mobility IE as follows: 
· Option 1 (Single level) :  Single-level design consisting of CSI-RS resources
· Option 2 (2 level) :  Two-level design consisting of cells and CSI-RS resources
· Option 3 (2 level) :  Two-level design consisting of CSI-RS resource sets and CSI-RS resources 

· Option 4 (3 level) :  Three-level design consisting of cells, CSI-RS resource sets, and CSI-RS resources
Option 1: Single-level design consisting of CSI-RS Resources
CSI-RS-ResourceConfig-Mobility could be designed using just a single level of CSI-RS resources from different cells as follows: 

	CSI-RS-ResourceConfig-Mobility
· List of CSI-Resources
· -- Shall include ALL the parameters for the CSI-RS measurement

· CSI-Resource-Id
· CellId, SubCarrierSpacing, Periodicity, SlotOffset, TxBW, RxBW, AntennaPorts, REMapping, ScramblingID, …


Pros. (+): 

- Simple ASN.1

- Flexibility of all the CSI-RS configuration with different parameters

Cons. (-): 

- Signaling overhead reduction is not possible even if there’s redundant info. 

- IE used in CSI-MeasConfig (i.e., CSI-RS-Resource) cannot be reused 

Option 2: Two-level design consisting of CSI-RS transmitting Cells and CSI-RS Resources
CSI-RS-ResourceConfig-Mobility could be designed using two-level hierarchy of cells and CSI-RS resources as follows: 

	CSI-RS-ResourceConfig-Mobility
· List of CSI-ConfigCells
· -- Shall include Cell-common parameters 

· CellId,
· SubCarrierSpacing, Periodicity, SlotOffset, TxBW, RxBW, ScramblingID,…

· List of CSI-Resources
· -- Shall include resource specific parameters 

· CSI-ResourceId

· AntennaPorts, REMapping, …


Pros. (+): 

- Overhead reduction by adopting cell-common parameters
- IE used in CSI-MeasConfig (i.e., CSI-RS-Resource) could be reused 

Cons. (-): 

- Limited flexibility of some parameters fixed per cell (e.g., SubCarrierSpacing, transmission BW, reception BW, …)

Option 3: Two-level design consisting of CSI-RS ResourceSets and CSI-RS Resources
CSI-RS-ResourceConfig-Mobility could be designed using two-level hierarchy of sets and CSI-RS resources as follows: 

	CSI-RS-ResourceConfig-Mobility
· List of CSI-ResourceSets
· -- Shall include set-common parameters 
· CSI-ResourceSetId

· CellId, SubCarrierSpacing, Periodicity, SlotOffset, TxBW, RxBW, ScramblingID,…

· List of CSI-Resources
· -- Shall include resource specific parameters 

· CSI-ResourceId

· AntennaPorts, REMapping, …


Pros. (+): 

- Overhead reduction by adopting set-common parameters

- IE used in CSI-MeasConfig (i.e., CSI-RS-Resource) could be reused 

- Flexibility of having different CSI-RS resource sets in a cell

Cons. (-): 

- Cell-common parameters such as CellId, SubCarrierSpacing are redundantly repeated

- If RAN1 agrees to use only one set for periodic CSI-RS configuration, this option is not valid. 

Option 4: Three-level design consisting of CSI-ConfigCells, CSI-RS ResourceSets and CSI-RS Resources
CSI-RS-ResourceConfig-Mobility could be designed using two-level hierarchy of sets and CSI-RS resources as follows: 

	CSI-RS-ResourceConfig-Mobility
· List of CSI-ConfigCells
· -- Shall include cell-common parameters 

· CellId
· SubCarrierSpacing, Periodicity, SlotOffset, …

· List of CSI-ResourceSets
· -- Shall include set-common parameters 

· CSI-ResourceSetId

· ScramblingID,TxBW, RxBW,…
· List of CSI-Resources
· -- Shall include resource specific parameters
· CSI-RS-ResourceId

· AntennaPorts, REMapping, …


Pros. (+): 

- Overhead reduction by adopting set-common parameters

- IE used in CSI-MeasConfig (i.e., CSI-RS-Resource) could be reused 

- Flexibility of having different number of CSI-RS resource sets in a cell

- Flexibility of having different parameters in each different level

Cons. (-): 

- If RAN1 agrees to use only one set for periodic CSI-RS configuration, this option is not valid. 
In this paper, we reviewed related RAN1 agreements on CSI-RS configuration for RRM measurement and reviewed possible and efficient options for RAN2 RRC parameter and architecture. In order to have efficient, consistent, and simplified RRC specification, we propose RAN2 to take into account the above observations and options to be discussed for this meeting. 
Proposal 4: RAN2 needs to discuss and decide the architecture of CSI-RS resource configuration for RRM measurement. Options are as follows:  
· Option 1 (Single level) :  Single-level design consisting of CSI-RS resources
· Option 2 (2 level) :  Two-level design consisting of cells and CSI-RS resources
· Option 3 (2 level) :  Two-level design consisting of CSI-RS resource sets and CSI-RS resources 

· Option 4 (3 level) :  Three-level design consisting of cells, CSI-RS resource sets, and CSI-RS resources
5 Conclusions
Observation1:  NR has ‘TWO’ distinctive IEs in different configuration, for ‘THREE’ different purposes:

· CSI-MeasConfig   for intra-cell CQI feedback and beam management

· CSI-RS-ResourceConfig-Mobility   for inter-cell RRM measurement
Observation2:  Regarding the number of CSI-RS resource sets, 

· Multiple CSI-RS resource sets are supported for aperiodic CSI-RS config. for CSI acquisition and beam management.

· Single CSI-RS resource set is supported for periodic/semi-persistent CSI-RS config. for CSI acquisition
· FFS # of CSI-RS resource sets supported for periodic/semi-persistent CSI-RS config. for beam management. 
Observation 3: Configuring all the CSI-RS parameters in the resource level results in huge configuration overhead, about ~55,000 bits to configure 1024 CSI-RS resources.
Proposal 1: NR CSI-RS configuration for RRM measurement should have hierarchical architecture in order to reuse the IE used in CSI-MeasConfig and reduce the configuration overhead.
Proposal 2: NR CSI-RS configuration for RRM measurement shall support only ‘periodic’ CSI-RS resource configuration. 

Proposal 3: RAN2 needs to discuss and decide the required parameters and their compatible level of configurations as in Table 6. 
Proposal 4: RAN2 needs to discuss and decide the architecture of CSI-RS resource configuration for RRM measurement. Options are as follows:  
· Option 1 (Single level) :  Single-level design consisting of CSI-RS resources
· Option 2 (2 level) :  Two-level design consisting of cells and CSI-RS resources
· Option 3 (2 level) :  Two-level design consisting of CSI-RS resource sets and CSI-RS resources 

· Option 4 (3 level) :  Three-level design consisting of cells, CSI-RS resource sets, and CSI-RS resources
