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1. Introduction
In RAN1#88, it was agreed that CSI-RS can be used for L3 RRM measurements in CONNECTED mode, in addition to IDLE mode RS.
	Agreements:
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead
· Detection of neighbor cell for measurement is based on NR-SS


The IDLE mode RS can be used by both IDLE and CONNECTED UEs, and is always-on. The IDLE mode RS includes at least NR-SSS, but may also include a DM-RS for PBCH if it’s defined.
	Agreements:
· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode 
· FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement
· FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement


This contribution further discusses the design of CSI-RS for L3 mobility.
2. Use cases for CSI-RS for L3 Mobility
The IDLE mode RS is always-on. The periodicity of the IDLE mode RS is more flexible and configurable than the periodicity of the always-on signals in LTE. In some scenarios, the IDLE mode RS can be transmitted with 5 ms periodicity, while in other scenarios, the periodicity may be as long as 160 ms. Note that the periodicity is typically valid for all cells in a frequency layer. IDLE mode RS may provide sufficient measurement accuracy for CONNECTED mode in some scenarios, for instance when shorter periodicity is used. However, with longer IDLE mode RS periodicities, the measurement accuracy may be insufficient, in particular if combined with high UE speed. Therefore, more frequent RS transmission needs to be considered.
Even though a frequency layer is configured with a long IDLE mode RS periodicity, e.g. 160 ms, it is not prohibited that some cells transmit IDLE mode RS more frequently in order to support the L3 mobility of CONNECTED mode UEs in the cells. While this option seems feasible, it may not be the most efficient approach to reduce the SS burst periodicity. Instead, it may be more efficient to use CSI-RS for the increased RS density, in particular if resource sharing between CSI-RS used for beam management and CSI-RS used for RRM measurements for L3 mobility can be achieved.
In multi-beam scenarios where control and data transmissions in CONNECTED mode enjoy highly directive beamforming gain in some cells, it would be beneficial if L3 mobility could be based on RRM measurements that incorporate such gains. It can be assumed that CSI-RS can provide a large number of beamformed RS more efficiently than IDLE mode RS, which relies on the SS burst set structure, especially if resource sharing with CSI-RS for beam management can be achieved. Figure 1 illustrates a scenario where IDLE mode RS are transmitted with wide beams and CSI-RS are transmitted with narrow high-gain beams, which better reflect the signal quality achievable for CONNECTED mode data and control transmissions.


[bookmark: _Ref471463809]Figure 1
In scenarios with multiple TRPs per cell, it may be efficient to use joint transmission of the always-on signals, for instance such that the SS burst set contains a single SS block. In such scenarios, CSI-RS could be used to provide RRM measurements on the TRP level.
RAN2 has agreed that the reporting of individual beam/TRP measurements is supported, at least for CSI-RS. This information may be useful in the hand over procedure, in particular when the target cell has a large number of TRPs and/or beams.
Observation 1: Scenarios where it may be beneficial to use CSI-RS for L3 mobility include when IDLE mode RS uses a very long periodicity (e.g. 160 ms) and when cells use a large number of beams/TRPs.
3. [bookmark: _Ref477803391]Basic Design Principles for CSI-RS for L3 Mobility
It was agreed that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead in the design of CSI-RS for L3 mobility. This is also aligned with agreements in RAN2. This means that it should be possible to use CSI-RS for L3 mobility without excessive CSI-RS configurations being exchanged between gNBs or sent to the UEs in a cell. One way to reduce the amount of parameters that have to be configured for the CSI-RS for L3 mobility in a cell is to provide a default configuration and structure which could be assumed by UEs, if not explicitly configured.
Proposal 1: A default configuration for CSI-RS for L3 mobility can be assumed by UEs. An explicit configuration can replace at least parts of the default configuration.
It was also agreed that the detection of a neighbor cell is based on NR-SS, which carries a physical cell ID (PCI), also when CSI-RS for L3 mobility is used. Before measuring CSI-RS for L3 mobility, a UE first detects and synchronizes to an NR-SS carrying a certain PCI. It is beneficial to associate the NR-SS with a CSI-RS for L3 mobility by letting the configuration and structure of CSI-RS for L3 mobility, at least partly, depend on the PCI of the NR-SS. CSI-RS parameters that depend on the PCI can include the sequence and the RE mapping.
Proposal 2: Some CSI-RS parameters depend on the PCI carried by the NR-SS used for detection and synchronization, such as sequence and RE mapping.
Even though the configuration overhead can be reduced by using a default configuration and having CSI-RS parameters depend on the PCI carried by the NR-SS used for synchronization, it is sometimes useful to use a different configuration for the CSI-RS for L3 mobility, for example when the network deployment differs significantly from the default configuration in some aspects. Ways to provide an explicit configuration of CSI-RS for L3 mobility are discussed in the companion contribution [3] and may include: 
· Configuration of CSI-RS for L3 mobility of a cell is carried in the remaining minimum SI of the cell.
· Configuration of CSI-RS for L3 mobility of neighbor cell(s) is carried in the other SI. 
· Configuration of CSI-RS for L3 mobility of serving and/or neighbor cell is provided by UE-specific RRC signaling.
Parameters that may be suitable to configure explicitly include the number of antenna ports and periodicity.
UEs in CONNECTED mode may be configured with UE-specific CSI-RS for beam management etc. It would be very beneficial to be able to configure such UE-specific CSI-RS for beam management so that the resources can be shared with CSI-RS for L3 mobility.
Proposal 3: It should be possible to configure UE-specific CSI-RS for beam management so that resources are fully or partly shared with CSI-RS for L3 mobility.
If the UE-specific configuration of CSI-RS for beam management indicates different symbol values on the shared REs, then the sequence values for CSI-RS for L3 mobility should be assumed.
4. Relation to SS burst set
Since CSI-RS for L3 mobility is used for inter-cell measurements, in addition to signals in the SS burst set (i.e. the IDLE mode RS), it would be attractive if the CSI-RS could be transmitted during SS burst sets. Then a UE can receive all signals for inter-cell measurement (i.e. IDLE RS and CSI-RS for L3 mobility) within a time window containing an SS burst set. The CSI-RS for L3 mobility can be transmitted on subcarriers not occupied by PSS/SSS/PBCH. Different simultaneous Tx beams during SS blocks can be supported in many scenarios, for example with multi-TRP cells or with a TRP with a digital or hybrid beamforming implementation.
However, also the transmission of CSI-RS for L3 mobility between SS burst sets is attractive in some scenarios. For instance, if the system bandwidth is similar to the SS block bandwidth, there may not be enough subcarriers for the CSI-RS during SS blocks. Another scenario to consider is with a single-TRP cell with analog beamforming. In this case, a single TRP Tx beam can be used at a time, which means that any CSI-RS transmitted during the SS block has to use the same TRP Tx beam as used for the SS block. Instead, it may be beneficial to configure the CSI-RS for L3 mobility outside the SS burst sets such that the CSI-RS can be reused for beam management, for instance with more narrow beams than used in the SS burst set. It is also worth noting that the simultaneous transmission of SS blocks and CSI-RS for L3 mobility would limit the possible transmit power boosting of the SS blocks.
Additionally, there are scenarios where transmission of CSI-RS for L3 mobility both during SS burst sets and between SS burst sets should be supported, for instance with long SS burst set periodicities and in high-speed scenarios. 
Proposal 4: Transmission of CSI-RS for L3 mobility in SS burst sets (during SS blocks) as well as between SS burst sets should be supported.
5. Configuration of CSI-RS for L3 Mobility
The design of the configuration of CSI-RS for L3 mobility should reuse as much as possible from the design of the configuration of CSI-RS for beam management. However, it may not be necessary to allow the full flexibility of the CSI-RS for beam management for the CSI-RS for L3 mobility, in order to keep down the configuration overhead. Following the discussion in section 3, default configuration parameters may be specified, which may be assumed by the UE if not otherwise indicated.
Both wideband and partial-band CSI-RS for beam management is supported in NR [4]. For CSI-RS for L3 mobility, wideband CSI-RS could provide the highest one-shot measurement accuracy. However, there may be scenarios where partial-band CSI-RS would be sufficient for RRM measurement accuracy for L3 mobility. If so, partial-band CSI-RS could provide less always-on signals, resulting in improved forward compatibility and network energy efficiency as well as reduced interference.
Proposal 5: Both wideband and partial-band CSI-RS for L3 mobility should be considered. Wideband transmission could be the default configuration.
NR supports periodic, aperiodic and semi-persistent transmission of CSI-RS for beam management. Periodic transmission can be activated/de-activated by RRC signaling, while semi-persistent transmission can be dynamically activated/de-activated. For CSI-RS for L3 mobility, periodic transmission seems to be suitable since semi-static ON/OFF should to be sufficient in most cases. 
Proposal 6: Periodic transmission of CSI-RS for L3 mobility is supported.
However, urgent data transmission, e.g. URLLC, during symbols where periodic transmission of CSI-RS for L3 mobility is scheduled should be supported. Mechanisms to indicate such disruptions of periodic CSI-RS for L3 mobility need to be considered. 
Proposal 7: Mechanisms to indicate sudden disruptions in the periodic CSI-RS for L3 mobility, e.g. for urgent URLLC traffic, need to be considered.
A UE can be configured with CSI-RS for beam management using one or more resource settings and one or more reporting settings. The links between the resources settings and the reporting settings are configured in the CSI measurement setting. The resource setting for CSI-RS for L3 mobility may reuse the resource setting from CSI-RS for beam management, perhaps with simplifications and default parameter values, as discussed above. However, the reporting setting for CSI-RS for L3 mobility needs to be different. Reporting of CSI-RS for L3 mobility should be based on triggered events. Events should not be triggered based on beam-level quantities, but rather on cell-level quantities or perhaps CSI-RS resource set quantities. However, beam-level quantities may be piggybacked in the report if configured by the network.
Proposal 8: CSI-RS for L3 mobility requires a different kind of reporting setting than CSI-RS for beam management. The reporting is based on events triggered by cell-level or CSI-RS resource set quantities, with beam-level quantities piggybacked in the report, if configured.
6. QCL of CSI-RS for L3 Mobility
The QCL between IDLE RS and CSI-RS for L3 mobility need further consideration. Light-weight indication of QCL relationships should be supported, e.g. implicitly, with default rules or by information with minimum overhead. Furthermore, the QCL between different ports of the CSI-RS for L3 mobility should be considered. 
Proposal 9: Light-weight indication of QCL of CSI-RS for L3 mobility should be supported. QCL between antenna ports of the IDLE RS and antenna ports of the CSI-RS for L3 mobility should be considered. Also QCL between different antenna ports of the CSI-RS for L3 mobility should be considered. 
7. Conclusions
The following was observed and proposed above: 
Observation 1: Scenarios where it may be beneficial to use CSI-RS for L3 mobility include when IDLE mode RS uses a very long periodicity (e.g. 160 ms) and when cells use a large number of beams/TRPs.
Proposal 1: A default configuration for CSI-RS for L3 mobility can be assumed by UEs. An explicit configuration can replace at least parts of the default configuration.
Proposal 2: Some CSI-RS parameters depend on the PCI carried by the NR-SS used for detection and synchronization, such as sequence and RE mapping.
Proposal 3: It should be possible to configure UE-specific CSI-RS for beam management so that resources are fully or partly shared with CSI-RS for L3 mobility.
Proposal 4: Transmission of CSI-RS for L3 mobility in SS burst sets (during SS blocks) as well as between SS burst sets should be supported.
Proposal 5: Both wideband and partial-band CSI-RS for L3 mobility should be considered. Wideband transmission could be the default configuration.
Proposal 6: Periodic transmission of CSI-RS for L3 mobility is supported.
Proposal 7: Mechanisms to indicate sudden disruptions in the periodic CSI-RS for L3 mobility, e.g. for urgent URLLC traffic, need to be considered.
Proposal 8: CSI-RS for L3 mobility requires a different kind of reporting setting than CSI-RS for beam management. The reporting is based on events triggered by cell-level or CSI-RS resource set quantities, with beam-level quantities piggybacked in the report, if configured.
Proposal 9: Light-weight indication of QCL of CSI-RS for L3 mobility should be supported. QCL between antenna ports of the IDLE RS and antenna ports of the CSI-RS for L3 mobility should be considered. Also QCL between different antenna ports of the CSI-RS for L3 mobility should be considered. 
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