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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 [1].
	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


In RAN1#88bis, it was further agreed that CSI-RS for L3 mobility as a baseline reuses the design for beam management:
	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


UEs can measure CSI-RS RSRP on the CSI-RS, as also agreed in RAN1#88bis:
	Agreements:
· Clarify previous RAN1 agreements on the RSRP definition for DL RRM measurements for L3 mobility as follows
· Define SS block RSRP and CSI-RS RSRP as
· SS block RSRP : measured RSRP from SSS
· FFS additional use of PBCH-DMRS for measurement 
· CSI-RS RSRP : measured RSRP from CSI-RS in connected mode


This contribution further discusses the design of CSI-RS for L3 mobility.
2. Relation between NR Cell and CSI-RS for L3 mobility
It was agreed that the time synchronization reference for a CSI-RS for L3 mobility is the timing of a cell, where the cell timing can be obtained from an SS block (RAN1#88bis):
	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


In a sense, a CSI-RS for L3 mobility is “cell-specific” since it is associated with the NR cell which provides the timing reference. A UE may be configured with a set of CSI-RS with the same NR cell ID as time reference. The set of CSI-RS configured with cell X as time reference are the CSI-RS for L3 mobility of cell X. 
In RAN2#97bis, it was agreed that CSI-RS for L3 mobility (i.e. configured for RRM purpose) can be used to derive a cell level quality. Furthermore, the measurement reporting is triggered by events based on the derived cell-level quality.
	Agreement:
1: CSI-RS configured for RRM purpose can be used to derive a cell level quality
2: Events A1-A6 can be configured to use CSI-RS. Events are evaluated on the cell level quality.
3: Previous agreements on measurement model and cell quality derivation are also applicable for CSI-RS.
4: When the serving cell quality is above S-Measure, the UE is not required to measure the IDLE RS and CSI-RS for neighbour cells.


The set of CSI-RS for L3 mobility used to derive a cell level quality (of NR cell X) should be the set of CSI-RS for L3 mobility with the same NR cell (X) as time reference.  
Proposal 1: The set of CSI-RS for L3 mobility used to derive a cell level quality (of NR cell X) should be the set of CSI-RS for L3 mobility with the same NR cell (X) as time reference.
3. Configuration of CSI-RS for L3 mobility
In the agreements pasted above, it was agreed that RAN1 will minimize configuration overhead and also consider possible inter-gNB signaling overhead in the design of CSI-RS for L3 mobility. 
In RAN1#88bis, it was agreed that CSI-RS for L3 mobility can be configured at least using dedicated (UE-specific) RRC signaling:
	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


CSI-RS in NR is a very flexible signal that can serve multiple purposes. However, flexibility is associated with configuration overhead. One way to reduce the configuration overhead of CSI-RS for L3 mobility is to reduce its parameter space.
Proposal 2: The parameter space of CSI-RS for L3 mobility can be reduced compared to the fully flexible CSI-RS.
As discussed further in our RAN2 contribution [3], there are deployment scenarios with very limited inter-gNB coordination possibilities. It would be beneficial to be able to use CSI-RS for L3 mobility also in such deployments. To achieve this, NR needs a mode of operation where UEs can derive the configuration of CSI-RS for L3 mobility of a detected cell without having a received a dedicated configuration for the cell. One part of the configuration, such as periodicity can be configured per frequency carrier, i.e. as a part of the measurement object. The rest of the CSI-RS configuration, e.g. sequence, can be derived from the cell ID of the detected cell.  Using the derived CSI-RS configuration, UEs can then determine whether the CSI-RS is transmitted by the detected cell or just measure blindly. Hence, at least three modes of RRM measurements for CONNECTED mode L3 mobility should be supported:
1. UE performs RRM measurements based only on IDLE mode RS.
2. UE performs RRM measurements based on IDLE mode RS. UE also performs RRM measurements based on CSI-RS for L3 mobility, only for cells for which the UE has received a configuration of CSI-RS for L3 mobility.
3. UE performs RRM measurements based on IDLE mode RS. UE also performs RRM measurements based on CSI-RS for L3 mobility, using a CSI-RS configuration that is partly specific for the frequency layer and partly derived from the cell ID of the detected cell. The CSI-RS configuration parameters specific for the frequency layer can be either configured by the network of given by the specification. The UE can detect whether a cell transmits CSI-RS for L3 mobility just measure blindly.
The network should be able to configure which mode of operation UEs should use. The modes can also be combined by configuration, for instance such that the cell-specific configurations obtained by dedicated signaling would override a configuration derived from the configuration for the frequency and the cell ID. The first two modes are already supported. Therefore, we propose the following.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Proposal 3: Support a mode of operation where UEs can derive the CSI-RS for L3 mobility configuration of a detected cell from a configuration valid for the frequency carrier and from the cell ID. 
As discussed in our companion contribution [2], it would be beneficial to support CSI-RS based RACH resource selection, for example in multi-TRP cells with a single SS block transmitted in an SFN manner, e.g. for several CONNECTED mode use cases such as handover. It would be suitable to use CSI-RS for L3 mobility also for this purpose. Simultaneously using SS block based RACH resource selection, e.g. for IDLE UEs, and CSI-RS based RACH resource selection, e.g. for CONNECTED UEs, would require duplicated RACH resources in many cases, e.g. when analog/hybrid beamforming is used. The reason is that the SS block TRP Tx beams would be used (as TRP Rx beams) on the RACH resources used by IDLE UEs and the CSI-RS TRP Tx beams would be used used (as TRP Rx beams) on the RACH resources used by CONNECTED UEs. Instead, it would be better to let also IDLE UEs perform RACH resource selection based on CSI-RS, so that RACH resources can be efficiently shared between IDLE and CONNECTED UEs. Hence, for cells using CSI-RS for RACH resource selection, the CSI-RS configuration should be provided together with the random access configuration, i.e. preferably in the remaining minimum SI, so that also the IDLE UEs can use CSI-RS for RACH resource selection. For a cell transmitting CSI-RS for L3 mobility, it may use these signals also for RACH resource selection. However, it would be up to the network which CSI-RS configuration to include with the random access configuration.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 4: A cell using CSI-RS based RACH resource selection (if supported) should be able to include the CSI-RS configuration in the broadcasted SI, together with the random access configuration.
Note that IDLE mode mobility is based only on IDLE mode RS. The RACH resource selection based on CSI-RS is only for accessing the already selected cell. Also note that SS block based RACH resource selection could always be configured for both IDLE and CONNECTED UEs, even if CSI-RS for L3 mobility is transmitted in a cell.
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 5: 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 6: 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. Properties of CSI-RS for L3 Mobility
Both wideband and partial-band CSI-RS for beam management is supported in NR. 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 7: 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 8: Periodic transmission of CSI-RS for L3 mobility is supported.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]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 9: Mechanisms to indicate sudden disruptions in the periodic CSI-RS for L3 mobility, e.g. for urgent URLLC traffic, need to be considered.
The QCL between IDLE mode 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 10: 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. 
6. Triggering of CSI-RS for L3 Mobility
One of the important requirements of NR is to minimize the always-on signals comprising NR-SS and NR-PBCH to support forward compatibility and resource efficiency. This means that it is beneficial if CSI-RS for L3 mobility can be transmitted on demand. In other words, as long as at least one UE needs CSI-RS for L3 mobility, the gNB should transmit it. One way to solve this is to introduce a request to trigger gNB transmission of CSI-RS for L3 mobility, using a dedicated PRACH resource shared by all UEs. This could allow fine beam searching using CSI-RS before RRC connection is established.
Proposal 11: CSI-RS for L3 mobility can be transmitted on–demand. A request mechanism using PRACH may be needed for UEs to trigger transmission of CSI-RS for L3 mobility.
Alternatively, the CSI-RS transmission can be triggered by UL signal measurements, even without standard support of UL mobility. Standalone cells that do not serve any CONNECTED mode UE should be able to transmit only the always-on signals, which do not include CSI-RS. Such cells will be discoverable and measurable by connected UEs in neighbor cells. In addition to the UE triggering of CSI-RS, it would be useful for a serving gNB to be able to request a candidate cell to turn on the CSI-RS for L3 mobility, for example as part of handover preparation, in order to enable CSI-RS based RRM measurements.
Proposal 12: A serving gNB can request a candidate cell to turn on CSI-RS for L3 mobility, for example as part of handover preparation.
The transmission of only always-on IDLE mode RS in some cells and additional transmission of CSI-RS for L3 mobility in other cells is illustrated in Figure 1, in which there is a single connected UE in a cell. The two closest candidate cells have turned on transmission of CSI-RS for L3 mobility. The other cells (dashed) only transmit the always-on signals, which enable support for idle mode UEs. It also makes the cells discoverable and measureable for the CONNECTED mode UE. 

[bookmark: _Ref465862007]Figure 1
7. Conclusions
The following was proposed above: 
Proposal 1: The set of CSI-RS for L3 mobility used to derive a cell level quality (of NR cell X) should be the set of CSI-RS for L3 mobility with the same NR cell (X) as time reference.
Proposal 2: The parameter space of CSI-RS for L3 mobility can be reduced compared to the fully flexible CSI-RS.
Proposal 3: Support a mode of operation where UEs can derive the CSI-RS for L3 mobility configuration of a detected cell from a configuration valid for the frequency carrier and from the cell ID. 
Proposal 4: A cell using CSI-RS based RACH resource selection (if supported) should be able to include the CSI-RS configuration in the broadcasted SI, together with the random access configuration.
Proposal 5: 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 6: 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 7: Both wideband and partial-band CSI-RS for L3 mobility should be considered. Wideband transmission could be the default configuration.
Proposal 8: Periodic transmission of CSI-RS for L3 mobility is supported.
Proposal 9: Mechanisms to indicate sudden disruptions in the periodic CSI-RS for L3 mobility, e.g. for urgent URLLC traffic, need to be considered.
Proposal 10: 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. 
Proposal 11: CSI-RS for L3 mobility can be transmitted on–demand. A request mechanism using PRACH may be needed for UEs to trigger transmission of CSI-RS for L3 mobility.
Proposal 12: A serving gNB can request a candidate cell to turn on CSI-RS for L3 mobility, for example as part of handover preparation.
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