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Introduction
Having been discussed during NR SI, various functionalities such as CSI acquisition, beam management, mobility support are desirable to be supported by CSI-RS [1]. According to our companion contribution [2], 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.
Time unit and sub-time unit partitioning in CSI-RS for beam management
At least for beam management, CSI-RS has the mapping structure of time unit and sub-time unit to support the Tx beam sweeping and Rx beam sweeping, as in the agreement in RAN1 #87. The following option can be considered to support time unit and sub-time unit partition for CSI-RS. Here, “reference OFDM symbol” refers to the OFDM symbol for CSI-RS defined by the configured numerology (i.e., fCSI-RS, BM). To support flexible and efficient resource sharing for CSI-RS, configurability of fCSI-RS, BM can be considered in NR independent with UE-specific data channel numerology at least for beam management purpose.
Based on IFDM method, CSI-RS signals are mapped on every L REs in the frequency domain. In this manner, each OFDM symbol has L time repetitions in time domain. An example is shown in Figure 1. In this example, the CSI-RS is mapped every L = 4 REs in frequency domain. In time domain, one OFDM symbol has 4 time-domain signal repetitions. One limitation of this method is that we can only apply UE Rx beam sweeping over the repetitions within one OFDM symbol, and thus only Option 1 for Tx/Rx beam sweeping in the agreement of RAN1#87 can be supported. On the other hand, the advantage of this method is that the cyclic prefix of CSI-RS OFDM symbol is not shorter than the reference OFDM symbol and thus the CSI-RS signal with sub-time units does not experience more inter-symbol interference.



Figure 1 Sub-time unit partitioning based on the IFDM method

To limit the possible number of candidate combinations of (fCSI-RS, BM, L), NR can support certain selected combinations as shown in Table 1. 

Table 1 Possible candidate combinations of fCSI-RS, BM and L
	Configuration index
	0
	1
	2
	3
	4
	5

	fCSI-RS, BM
	X/4 KHz 
	X/4 KHz
	X/4 KHz
	X/2 KHz
	X/2 KHz
	X KHz

	L
	1
	2
	4
	1
	2
	1




Proposal 1: For beam management, a time unit refers to one OFDM symbol length defined by the configured numerology for CSI-RS (i.e., fCSI-RS, BM). For a given port/resource, Tx beam(s) are same across sub-time units within each time unit.
Proposal 2: Support IFDM as a sub-time unit partitioning method within a time unit, where the number of sub-time units per time unit L = 1, 2, 4 can be configured. 
Proposal 3: Study how to support joint configuration of the numerology for CSI-RS (i.e., fCSI-RS, BM ) and the number of sub-time units per time unit (i.e., L). 
· E.g. 
· L = {1, 2, 4} is supported, if fCSI-RS, BM = X/4 KHz
· L = {1, 2} is supported, if fCSI-RS, BM = X/2 KHz
· L = {1} is supported, if fCSI-RS, BM = X KHz
, where X can be implicitly determined as the sub-carrier spacing used for SS-block transmission or can be explicitly configured.


RE mapping and Configuration of CSI-RS
For at least beam management purpose, OFDM symbols can be exclusively utilized for CSI-RS without FDM with other channels. If CSI-RS is FDMed with control/data channels in an OFDM symbol, UE has to align its Rx beam corresponding to the pre-determined serving beam pair link (BPL). In this case, full functionality of P-1 beam management may not guaranteed due to the degraded degree of freedom on Rx beam sweeping. In another aspect, when sub-time units are used for Rx beam sweeping, the rest of the REs in the RBs used for CSI-RS transmissions are not likely to be able to be used for other channels. Assuming IFDM as a partitioning method for sub-time units in a time unit, some frequency-domain processing has to be considered if other channels are FDMed with CSI-RS [3]. However, this is not a feasible solution since frequency-domain processing requires fixed beam across sub-time units. 
K CSI-RS resource units (or port groups) can be cyclically mapped on the REs in an FDM manner within one OFDM symbol in the configured CSI-RS BW as shown in Figure 2. Considering OFDM symbols exclusively utilized for CSI-RS without FDM with other channels, corresponding CSI-RS RE mapping can be simply defined regardless of the RB grid. As discussed above, time unit refers one OFDM symbol length which is determined by the configured value of fCSI-RS, BM. A single CSI-RS resource unit (or port group) is defined on NP x L REs as shown in Figure 3, where NP and L respectively represent the number of antenna ports in a resource unit (or port group) and the number of sub-time units per time unit. Considering up to eight panels equipped in a single TRP, K = [1], 2, 4, 8 resources (or port groups) per symbol should be supported where each resource (or port group) corresponds to a specific beam identity. 

[image: ]
Figure 2 K CSI-RS resource units (or port groups) can be mapped on the REs in an FDM manner within one OFDM symbol


[image: ]
Figure 3 Antenna port mapping within a CSI-RS resource unit (or port group) with L sub-time units per time unit


Proposal 4: K CSI-RS resource units (or port groups) can be cyclically mapped on the REs in an FDM manner within one OFDM symbol in the configured CSI-RS BW, where K = [1], 2, 4, 8.
[bookmark: _GoBack]Proposal 5: A CSI-RS resource unit (or port group) comprises of NP x L REs, where NP = 1, 2 is the number of antenna ports in a resource unit (or port group) and L is the number of sub-time units per time unit.

CSI-RS design for Multi-Panel/TRP scenarios
The gNB can have multiple TXRUs connected to multiple antenna panels. The gNB can use multiple TRPs to transmit downlink data to the UE. In those deployment scenarios, it would be considered to make UE measure and select one ‘best’ Tx beam of each antenna panel or TRP. In one example shown in Figure 4, the gNB has two TXRUs per polarization, connected to two Tx antenna panels. The gNB selects one analog beam on each antenna panel for the downlink data transmission, e.g., MIMO transmission. The UE should be able to measure multiple Tx beams swept on different time units on each panel and then select one ‘best’ Tx beam on each panel. To achieve this, the configuration of CSI-RS should be able to indicate the UE to measure and report the beams per TXRU. In another example, multiple TRPs are used to transmit to a UE, through e.g., non-coherent JT (joint transmission). In this case, the UE should be able to measure and select one ‘best’ Tx beam of each TRP. 
Considering these aspects, the configuration of CSI-RS should support to measure and report the beams per panel/TRP. This can be supported by panel-specific or TRP-specific CSI-RS resource configurations in relevant resource settings. For time-domain resource/latency saving, panel-/TRP-specific resources can possibly be configured in one OFDM symbol as shown in Figure 5. 



Figure 4 MIMO transmission from multiple panels with different analog beams

 [image: ]
Figure 5 Configuration of multiple panel-/TRP-specific resource groups within one OFDM symbol

Proposal 6: Support configuration of panel-/TRP-specific resource groups within one OFDM symbol for beam management.
Conclusions
This contribution discusses the design of CSI-RS for beam management. In particular, the following are proposed:
Proposal 1: For beam management, a time unit refers to one OFDM symbol length defined by the configured numerology for CSI-RS (i.e., fCSI-RS, BM). For a given port/resource, Tx beam(s) are same across sub-time units within each time unit.
Proposal 2: Support IFDM as a sub-time unit partitioning method within a time unit, where the number of sub-time units per time unit L = 1, 2, 4 can be configured. 
Proposal 3: Study how to support joint configuration of the numerology for CSI-RS (i.e., fCSI-RS, BM ) and the number of sub-time units per time unit (i.e., L). 
· E.g. 
· L = {1, 2, 4} is supported, if fCSI-RS, BM = X/4 KHz
· L = {1, 2} is supported, if fCSI-RS, BM = X/2 KHz
· L = {1} is supported, if fCSI-RS, BM = X KHz
, where X can be implicitly determined as the sub-carrier spacing used for SS-block transmission or can be explicitly configured.
Proposal 4: K CSI-RS resource units (or port groups) can be cyclically mapped on the REs in an FDM manner within one OFDM symbol in the configured CSI-RS BW, where K = [1], 2, 4, 8.
Proposal 5: A CSI-RS resource unit (or port group) comprises of NP x L REs, where NP = 1, 2 is the number of antenna ports in a resource unit (or port group) and L is the number of sub-time units per time unit.
Proposal 6: Support configuration of panel-/TRP-specific resource groups within one OFDM symbol for beam management.
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