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1. Introduction
In RAN1#88bis, the following agreements were reached on the L3 mobility:
· 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

· 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

· 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

Also, the following aspects are identified to be finalized in RAN1#89 related to CSI-RS: 
· Properties of CSI-RS for RRM measurement for L3 mobility, e.g.,
· Timing of CSI-RS for RRM measurement for L3 mobility
· Bandwidth of CSI-RS for RRM measurement for L3 mobility
· Numerology of CSI-RS for RRM measurement for L3 mobility
· The number of REs in the freq. domain of CSI-RS for RRM measurement for L3 mobility
· Resource mapping and parameters of CSI-RS for RRM measurement for L3 mobility
· Configuration of CSI-RS parameters for RRM measurement for L3 mobility

Finally, the following remaining issues were captured on the CSI-RS configured for L3 mobility use case, during the e-mail discussion after RAN1#88b:
· For L3 CONNECTED mode mobility,
· Whether CSI-RS configured for L3 CONNECTED mode mobility is the same as CSI-RS configured for beam management
· Note: There may be differences if additional requirements are identified on the CSI-RS to support L3 CONNECTED mode mobility.
· Number of ports.
· CSI-RS RE patterns.
· How to support multiplexing of CSI-RS ports, e.g. FDM/TDM/CDM.
· RS RE densities.
· Whether CSI-RS for L3 CONNECTED mode mobility is UE-specifically configurable only or cell-specific options are also possible.
This contribution presents our views on the remaining issues of CSI-RS for L3 mobility.
2. Discussion
1 
2 
Timing, numerology and bandwidth for mobility CSI-RS
During the online sessions of RAN1#88b, two options were discussed for the timing configuration of the L3 mobility CSI-RS – between periodic vs. aperiodic. Based on the RAN2 decisions so far, the L3 mobility reporting mechanism is mainly based on the triggering conditions. This implies that the UE should able to monitor the CSI-RS over multiple time instances without frequent network indications/configurations. Hence, periodic CSI-RS is more appropriate here, and it is proposed to take periodic CSI-RS as baseline for L3 mobility purpose. 
For the configuration of periodic CSI-RS, the usual periodicity and slot offset parameters can be used. Although periodicity may be configured as msec similarly to the legacy LTE, a special consideration may be necessary for the slot offset parameters as the data numerology in NR can be UE-specific. When the mobility CSI-RS is transmitted in a cell-specific manner, the timing of the mobility CSI-RS should be able to be understood correctly by those UEs configured with different subcarrier spacing numerologies. Hence, for the slot offset configuration used for the mobility CSI-RS, it is proposed to use a band-specific numerology. 
On the other hand, a UE may be configured with multiple CSI-RS configurations (e.g., via resource settings) for multiple neighbour cells whose data numerology may potentially be different in the same frequency band. However, for mobility measurement purpose, the necessity and advantages of different numerologies for different cells are not clear. Hence it is proposed to configure CSI-RS RE patterns based on the RE grid generated with the band-specific numerology. 
Network may transmit CSI-RS in a full BW, e.g., for the flexible use of the CSI-RS configured for mobility, or because of the hybrid BF. However, even in such cases, UE may not need to be configured to measure the full BW in some deployment scenarios, e.g., when the full BW is a few hundred MHz and the UE’s allocated BW for control/data reception is a subset of the full BW. Hence, the CSI-RS configuration for mobility measurement may include the CSI-RS BW related information. 

Proposal 1: Periodic CSI-RS is supported for the mobility measurement, and (periodicity, slot offset) determines slot timing of the CSI-RS. 
· Periodicity is configured in terms of msec.
· The slot number used for the slot offset is determined based on a band-specific numerology. 
· The CSI-RS RE pattern in the selected slot is determined according to the band-specific numerology.
· The CSI-RS BW can be less than the full BW, and the CSI-RS BW can configured. 
Configuration of mobility CSI-RS
Similarly to LTE discovery RS, the mobility CSI-RS can be configured for TRP/beam detection of the neighbour cells. Hence, it would be meaningful to review the LTE DRS configuration:
MeasCSI-RS-Config-r12 ::=		SEQUENCE {
	measCSI-RS-Id-r12				MeasCSI-RS-Id-r12,
	physCellId-r12					INTEGER (0..503),
	scramblingIdentity-r12			INTEGER (0..503),
	resourceConfig-r12				INTEGER (0..31),
	subframeOffset-r12				INTEGER (0..4),
	csi-RS-IndividualOffset-r12		Q-OffsetRange,
	...
}
As seen above, the LTE DRS configuration includes three IDs, one is the resource ID (measCSI-RS-Id-r12), another is physical cell ID to associate the SS for the time/frequency sync, and the other is scrambling ID for the CSI-RS. This approach seems to be quite flexible when the number of beams/TRPs per cell is reasonably small, but it does not seem to be scalable when the number is large. For example, if each cell has 128 beams, the network needs to configure 128*N such CSI-RS configurations for mobility measurements for N serving cells. This baseline extension does not seem to be efficient in terms of signalling overhead. 
One possibility of configuring the mobility CSI-RS more efficiently is to configure the CSI-RS in a batch, rather than configuring it resource by resource. For efficient mobility CSI-RS resource configuration, the MIMO CSI-RS configuration framework is readily applicable – a resource setting comprising multiple resources can be configured for a measurement object, and common parameters for the multiple resources belonging to the same setting can be configured once for the setting rather than individually for the resources. If NR adopts similar CSI-RS configuration parameters as for the LTE CSI-RS, the common parameters in the setting may include: physical cell ID, scramblingID, etc. However, some parameters like resourceConfig may still be resource specific. A better alternative could be to configure a large number of resourceConfig corresponding to a large number of beams in a batch. For example, only the first resourceConfig is explicitly configured; and the RE mapping parameters of the rest of the resources are determined by RE mapping parameters of the first resourceConfig, or the first resourceConfig itself. It is noted that the mobility resourceConfig should be used in the same way as the beam management resourceConfig. 
Another challenge to configure mobility CSI-RS in the multi-beam system is about how to associate the multiple SS block locations and the multiple CSI-RS locations. Typically, it is expected that the CSI-RS will be used for measuring a higher number of beams than that of SS blocks; otherwise SS blocks will be sufficient and CSI-RS does not need to be configured for L3 mobility. When the multiple SS blocks spread across time slots and OFDM symbols of a SS burst set duration, it is quite likely that the mobility CSI-RS also need to be spread across time slots and OFDM symbols. Again, the baseline solution is to configure the slot offset separately for the individual resources, with taking slot 0 in a radio frame as a reference, but this will incur significant signalling overhead. A better alternative will be to take SS block location as a reference for the slot offset of a corresponding CSI-RS resource, which may be able to enable batch configuration of the CSI-RS slot offsets for the multiple resources in a resource setting. According to the agreement, a CSI-RS resource needs to be associated with an SS block, which will be the time synchronization reference of the CSI-RS resource. The association between CSI-RS resource and SS block can be one-to-one, for example. 
Proposal 2: A resource setting comprising multiple CSI-RS resources can be configured for the L3 mobility measurement purpose. 
· A single set of parameter values are configured for a subset of CSI-RS configuration parameters, and the values are commonly applicable to the all the resources in the setting. The common parameter set includes periodicity, physical cell ID and scrambling ID. 
· Reuse CSI-RS configuration for BM for RE mapping configuration (similar to resourceConfig in LTE) to configure a CSI-RS mapping pattern used for mobility purpose
· A single CSI-RS resourceConfig value can be configured for the resource setting; in such a case, a first RE mapping pattern is determined by the configured value; and the rest of the RE mapping patterns are determined by function(s) of the configured value.
· A single slot offset value can be configured for the resource setting; in such a case, the reference slot to apply the slot offset value to determine the time location of a CSI-RS resource is a slot used for mapping a corresponding SS block. 

3. Conclusions
The proposals of this contribution are re-collected below:

Proposal 1: Periodic CSI-RS is supported for the mobility measurement, and (periodicity, slot offset) determines slot timing of the CSI-RS. 
· Periodicity is configured in terms of msec.
· The slot number used for the slot offset is determined based on a band-specific numerology. 
· The CSI-RS RE pattern in the selected slot is determined according to the band-specific numerology.
· The CSI-RS BW can be less than the full BW, and the CSI-RS BW can configured. 
Proposal 2: A resource setting comprising multiple CSI-RS resources can be configured for the L3 mobility measurement purpose. 
· A single set of parameter values are configured for a subset of CSI-RS configuration parameters, and the values are commonly applicable to the all the resources in the setting. The common parameter set includes periodicity, physical cell ID and scrambling ID. 
· Reuse CSI-RS configuration for BM for RE mapping configuration (similar to resourceConfig in LTE) to configure a CSI-RS mapping pattern used for mobility purpose
· A single CSI-RS resourceConfig value can be configured for the resource setting; in such a case, a first RE mapping pattern is determined by the configured value; and the rest of the RE mapping patterns are determined by function(s) of the configured value.
· A single slot offset value can be configured for the resource setting; in such a case, the reference slot to apply the slot offset value to determine the time location of a CSI-RS resource is a slot used for mapping a corresponding SS block. 
