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Introduction
According to our companion contribution [1], the potential functionalities of NR CSI-RS and the remaining details for each use case can be summarised as follows:
	· Remaining details:
· For CSI acquisition,
· CSI-RS RE patterns within a PRB and slot for 1-port and >=8-port up to 32-port CSI-RS including RE pattern aggregation details.
· Details on CDM-2/-4/-8 including CDM pattern, configuration, etc.
· RS RE densities 
· Values of D other than {1, 1/2} RE/port/PRB.
· Detailed configurations for each value of D, including comb offset values for D<1, etc.
· Possible combinations of value(s) of D and the number of CSI-RS ports X.
· Applicability for interference measurement.
· For beam management,
· Number of ports
· CSI-RS RE patterns and configuration details of CSI-RS.
· Tx and Rx beam sweeping mechanism(s)
· Sub-time unit details including down-selection among options when sub-time units smaller than an OFDM symbol in a reference numerology, e.g. IFDMA, larger subcarrier spacing, DFT-based methods
· How to support multiplexing of CSI-RS ports, e.g. FDM/TDM/CDM.
· RS RE densities.
· Whether CSI-RS for beam management is UE-specifically configurable only or cell-specific options are also possible.
· 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.
· For other functionalities, e.g., fine time/frequency tracking (if supported by CSI-RS), beam failure monitoring, power control (if supported by CSI-RS), etc.
· Number of ports.
· CSI-RS RE patterns.
· How to support multiplexing of CSI-RS ports, e.g. FDM/TDM/CDM.
· RS RE densities.
· Common issues for all functionalities:
· Mapping of port numbers to RE pattern.
· Location of OFDM symbols for CSI-RS transmission.
· Reference signal sequence, including sequence initialization and generation.
· QCL assumption and/or association (if supported) with other signal(s) and relevant signaling(if any).
· Note: CSI-RS can be a candidate for the other signal(s) above as well.
· Numerology of CSI-RS
· Configuration of CSI-RS parameters including at least 
· CSI-RS bandwidth parameters, including bandwidth granularity.
· Timing related configuration (e.g. periodicity, slot offset, etc.) for semi-persistent/periodic CSI-RS.
· Numbers of configured Resource settings, Resource sets, Resources, and CSI-RS ports.
· Transmission power related configuration (e.g. EPRE ratio between CSI-RS and PDSCH)
· Triggering mechanism(s) for aperiodic CSI-RS including activation/deactivation.
· Activation/deactivation mechanism(s) for semi-persistent CSI-RS.



This contribution provides Samsung’s views on remaining details of CSI-RS, especially for the highlighted parts above.

Sub-time unit partitioning in CSI-RS for beam management
In RAN1 #89, it is agreed that NR supports sub-time units for CSI-RS which can be equal to and smaller than an OFDM symbol in a reference numerology, where the reference numerology is determined based on the UE-specific configuration for the bandwidth part. Three options IFDMA, larger sub-carrier spacing, and DFT-based method have been proposed as a sub-time unit partitioning method within an OFDM symbol in the reference numerology in gNB perspective. In UE perspective, regardless of the above options it is common that an OFDM symbol in a sub-time unit has larger subcarrier spacing compared to the reference numerology. 
Although OFDM symbol in a sub-time unit itself is the same, the above options can have two different CP structures. Let’s assume that L sub-time units are defined in a time unit, where time unit is defined as the length of the OFDM symbol in the reference numerology and corresponding CP. For IFDMA and DFT-based options, the first CP structure is proposed that only the first OFDM symbol in a sub-time unit has CP of which duration is same with the CP in the reference numerology. For the larger subcarrier option, the second CP structure is proposed that all L OFDM symbols in a sub-time unit have their own CP of which duration is L times smaller than the CP in the reference numerology.
For Tx beam sweeping across sub-time units, the first CP structure can’t be used at gNB side since UE doesn’t know the exact timing of the Tx beam switching and its required delay. The second CP structure is more suitable for Tx beam sweeping across sub-time units, since L CPs within a time unit can be used for the duration of Tx beam switching. Considering some Tx beam switching delay, it is hard to make very short CP length. Thus it may be needed to support that the minimum CP length should be equal to the CP length of the SS-block. For Rx beam sweeping across sub-time units, the second CP structure may be beneficial than the first CP structure. If the same OFDM symbol in a sub-time unit is replicated within a time unit, the second CP structure may require loose Rx beam switching latency requirement in UE’s implementation perspective [2].

Proposal 1: A CSI-RS is mapped on a RE grid defined by a configured CSI-RS numerology.
· The configurable values for the SCS of the CSI-RS numerology are those values larger than or equal to the SCS of the reference numerology. 
· The maximum SCS value for this purpose is the one used for SS blocks in the carrier.

Proposal 2: For a sub-time unit smaller than an OFDM symbol in the reference numerology, L > 1 OFDM symbols in the sub-time unit can be configured to have different CSI-RS resources. For this configuration, all L OFDM symbols have their own CP of which duration is L times smaller than the CP in the reference numerology. 

Proposal 3: For a sub-time unit smaller than an OFDM symbol in the reference numerology, L > 1 OFDM symbols in the sub-time unit can be configured to have the same CSI-RS resource(s). For this configuration, down-select one of following alternatives for the CP structure:
· Alt 1. Only the first OFDM symbol has CP of which duration is same with the CP in the reference numerology.
· Alt 2. All the L OFDM symbols have their own CP of which duration is L times smaller than the CP in the reference numerology.

RE mapping and Configuration of CSI-RS
A CSI-RS resource comprises K resource units, and it can be repeated in N consecutive OFDM symbols. A resource unit comprises (Np x 1) REs on which Np port CSI-RS are FDM’ed. The K resource units respectively associated with indices 0, 1, …, K-1 are cyclically and continuously mapped on the REs within the configured CSI-RS BW in an OFDM symbol. Configurable pairs of (Np, K) can include at least (1,1), (1,2), (1,4), (1,8), (2, 1), (2, 2), and (2, 4). The repeated CSI-RS in N consecutive OFDM symbols can be used for Rx beam sweeping, where the configurable values of N = 1, 2, 4. For Tx beam sweeping, multiple resources mapped in multiple OFDM symbols can be configured in a slot. Each resource unit can correspond to a specific spatial QCL assumption which also can be used for beam reporting as well. 
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Figure 1 K CSI-RS resource units can be mapped on the REs in an FDM manner within one OFDM symbol


Proposal 4: A CSI-RS resource comprises K resource units
· A resource unit comprises (Npx1) REs on which Np port CSI-RS are FDM’ed. 
· The K resource units respectively associated with indices 0, 1, …, K-1 are cyclically and continuously mapped on the REs within the configured CSI-RS BW in that OFDM symbol. \
· Configurable pairs of (Np, K) = {(1,1), (1,2), (1,4), (1,8), (2, 1), (2, 2), (2, 4), [(4, 1), (4, 2), (8,1)]}
· A CSI-RS resource can be repeated in N consecutive OFDM symbols, where the configurable values of N = 1, 2, 4.


Conclusions
This contribution discusses the design of CSI-RS for beam management. In particular, the following are proposed:
Proposal 1: A CSI-RS is mapped on a RE grid defined by a configured CSI-RS numerology.
· The configurable values for the SCS of the CSI-RS numerology are those values larger than or equal to the SCS of the reference numerology. 
· The maximum SCS value for this purpose is the one used for SS blocks in the carrier.

Proposal 2: For a sub-time unit smaller than an OFDM symbol in the reference numerology, L > 1 OFDM symbols in the sub-time unit can be configured to have different CSI-RS resources. For this configuration, all L OFDM symbols have their own CP of which duration is L times smaller than the CP in the reference numerology. 

Proposal 3: For a sub-time unit smaller than an OFDM symbol in the reference numerology, L > 1 OFDM symbols in the sub-time unit can be configured to have the same CSI-RS resource(s). For this configuration, down-select one of following alternatives for the CP structure:
· Alt 1. Only the first OFDM symbol has CP of which duration is same with the CP in the reference numerology.
· Alt 2. All the L OFDM symbols have their own CP of which duration is L times smaller than the CP in the reference numerology.

Proposal 4: A CSI-RS resource comprises K resource units
· A resource unit comprises (Npx1) REs on which Np port CSI-RS are FDM’ed. 
· The K resource units respectively associated with indices 0, 1, …, K-1 are cyclically and continuously mapped on the REs within the configured CSI-RS BW in that OFDM symbol. \
· Configurable pairs of (Np, K) = {(1,1), (1,2), (1,4), (1,8), (2, 1), (2, 2), (2, 4), [(4, 1), (4, 2), (8,1)]}
· A CSI-RS resource can be repeated in N consecutive OFDM symbols, where the configurable values of N = 1, 2, 4.
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