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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 Discussion
2.1 Timing offset and bandwidth for CSI-RS for L3 mobility
According to the previous RAN1 agreements, periodic CSI-RS can be used for L3 mobility with the periodicity and offset parameters. Although periodicity may be configured as msec similarly to the legacy LTE, a special consideration may be necessary for the timing offset parameters such as the UE-specific data numerology. When a CSI-RS for L3 mobility(= mobility CSI-RS) is transmitted in a cell-specific manner, the timing of the mobility CSI-RS should be acquired and aligned by those UEs configured with different subcarrier spacing numerologies. Hence, for the timing offset configuration used for the mobility CSI-RS, it is proposed to use a band-specific numerology. 

Regarding bandwidth aspect, NR network may be able to 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 BW can be less than the full BW, and the CSI-RS BW can configured. 
2.2 Configuration of CSI-RS for L3 mobility
In LTE, there are two types of CSI-RS configurations such as CSI-RS config and CSI-RS based discovery RS(DRS) for different purposes. 
· LTE CSI-RS config was for intra-cell CQI reporting, 
· LTE CSI-RS based DRS was for small cell discovery and measurement. 
Similarly with LTE, NR CSI-RS can be configured with different signals such as CSI-RS configuration and RRM measurement configuration with CSI-RS configuration. However, although the parameters and framework of those two configurations can be different, the sequence design and resource mapping of NR CSI-RS can be the same for both configurations. 
Proposal 2: Similarly with LTE CSI-RS config. and DRS, NR shall support different configurations of CSI-RS for different purposes as follows: 

· CSI-RS configuration for intra-cell CQI reporting
· RRM measurement configuration with CSI-RS config. for L3 mobility 
In order to design the RRM measurement configuration of NR CSI-RS for L3 mobility, it would be meaningful to review the LTE DRS configuration as follows:

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, such as the resource ID (measCSI-RS-Id-r12), physical cell ID to associate the SS for the time/frequency sync, and 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 there is only one resource mapping which does not support of multiple CSI-RS configuration with different beams. 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. Therefore, such baseline extension of independent configurations of every CSI-RS per beam per cell shall not be supported since it is inefficient in terms of signalling overhead. 
Observation1: Independent RRM measurement configuration of every CSI-RS per beam per each neighbouring cell shall not be supported to reduce the 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 3: NR supports a resource setting comprising multiple CSI-RS resources for the L3 mobility measurement purpose. 

· A single set of parameter values can be configured for a subset of CSI-RS configuration parameters, and the parameter values are commonly applicable to the all the resources in the setting. The common parameter set may include periodicity, physical cell ID and scrambling ID (Detailed parameters are FFS). 
· A timing offset value can be configured for the resource setting; in such a case, the reference slot to apply the offset value to determine the time location of a CSI-RS resource is a slot used for mapping a corresponding SS block. 
3 Conclusion

This contribution discusses the CSI-RS configuration for L3 mobility. We request RAN2 to discuss the following observation and proposals. 
Observation1: Independent RRM measurement configuration of every CSI-RS per beam per each neighbouring cell shall not be supported to reduce the signalling overhead. 

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 BW can be less than the full BW, and the CSI-RS BW can configured. 
Proposal 2: Similarly with LTE CSI-RS config. and DRS, NR shall support different configurations of CSI-RS for different purposes as follows: 

· CSI-RS configuration for intra-cell CQI reporting
· RRM measurement configuration with CSI-RS config. for L3 mobility 
Proposal 3: NR supports a resource setting comprising multiple CSI-RS resources for the L3 mobility measurement purpose. 

· A single set of parameter values can be configured for a subset of CSI-RS configuration parameters, and the parameter values are commonly applicable to the all the resources in the setting. The common parameter set may include periodicity, physical cell ID and scrambling ID (Detailed parameters are FFS). 
· A timing offset value can be configured for the resource setting; in such a case, the reference slot to apply the offset value to determine the time location of a CSI-RS resource is a slot used for mapping a corresponding SS block. 
