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1. Introduction

CSI-RS can be used for beam management, CSI measurement and mobility measurement in NR. The design of CSI-RS should satisfy the requirement of all the functionalities. For CSI-RS design for beam management and RS multiplexing, it was agreed in RAN1 AdHoc#2 meeting that:
Agreements:
· In NR, for a given BWP, support the case where CSI-RS for CSI acquisition and beam management is always transmitted with the same numerology as the PDSCH of the UE if PDSCH is present
· FFS the case when PDSCH is not present
Agreements:

· For beam management, CSI-RS with sub-time units smaller than an OFDM symbol in a reference numerology is not supported in Rel-15.
Agreements:
· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management

· Value of D>=1 represents RE/RB/port within a OFDM symbol.

· For the case of 1-port

· No CDM

· Subcarrier spacing within a PRB for D>1

· Even spacing

· Constant subcarrier spacing across PRB(s)

· Constant subcarrier spacing within a BWP

· FFS the values of D 

· For the case of 2-port:

· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)

· FFS: the potential number of CSI-RS OFDM symbols for beam management

· FFS: other values of X and D for beam management 
Agreements:

· Down-select among the following two options in the next meeting

· Option 1-1: From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s)

· Option 1-2: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s)
Agreements:

· Down-select among the following two options in the next meeting:

· Option 2-1: From a UE perspective, CSI-RS is not multiplexed on PDCCH OFDM symbol(s) for a slot 

· Option 2-2: From a UE perspective, CSI-RS can be multiplexed on PDCCH OFDM symbol(s) for a slot 

· Note: PDCCH decoding behavior at UE side will not be changed by Option 2-2.

· Note: up to each company to define PDCCH OFDM symbols based on the max possible number of symbols or the configured PDCCH OFDM symbols for the slot

In this contribution, we discuss remaining issues on the design of CSI-RS to support DL beam management.
2. Discussion
2.1. CSI-RS for beam management
Both SS block and CSI-RS can be used for DL beam management. In initial access section, the maximal number of SS-blocks in a SS burst set L has been decided for different frequency ranges. Similarly, for CSI-RS, especially UE-specifically configured CSI-RS for beam management, the maximal number of beams in a beam management periodicity (e.g. in a time unit for Tx beam sweeping) should also be defined which related to the design of sub-time-units. The beam number supported by CSI-RS could be smaller than that of SS blocks considering functionality and overhead. On one hand, initial Tx beam management can be performed via detection of SS blocks using multiple beams within a SS block burst set. Then the detection of CSI-RS can be improved by QCL between CSI-RS and SS block. On the other hand, the resource overhead of CSI-RS for beam management should be minimized, considering CSI-RS for CSI acquisition and SS blocks have occupied an amount of physical resources.
Proposal 1: For beam management, the maximum number of beams supported by CSI-RS should not be larger than the maximum number of SS-blocks in a SS burst set for one frequency range.
It was agreed that CSI-RS with sub-time-units smaller than an OFDM symbol in a reference numerology is not supported in Rel-15. It implies that CSI-RS can only be transmitted in symbol level. Nevertheless, there is still no clear definition on reference numerology except that it is UE-specific and BWP-specific. Different interruptions on reference numerology were present by companies in the past meetings, e.g. the numerology for CSI-RS transmission or the numerology for PDSCH in the same slot. It was agreed that NR supports the case where CSI-RS is always transmitted with the same numerology as PDSCH of the UE if PDSCH is present. But it is still possible to also support the case where different numerologies are applied to CSI-RS and PDSCH in some conditions. Since multiple CSI-RS resources with different beams for beam management should be transmitted in different sub-time-units, it is beneficial to define CSI-RS specific numerology independent from numerology for PDSCH to reduce the overhead. Based on the current agreement, as a default mode, the numerology for PDSCH can be reused directly for CSI-RS for beam management if there is no additional configuration. However, if an amount of sub-time-units are required for beam management, gNB can configure a larger subcarrier spacing for CSI-RS which would override the default subcarrier spacing. Then the actual resource overhead for beam management can be significantly reduced. For CSI-RS for CSI acquisition, the same beam as PDSCH would be used so it can always be transmitted with the same numerology as PDSCH.
Proposal 2: The reference numerology for CSI-RS in current agreement is defined as the numerology for transmission of CSI-RS for beam management.
· If not explicitly indicated, reference numerology is always equal to the numerology for PDSCH transmission of the UE if PDSCH is present in the same slot.
· A specific reference numerology can be explicitly indicated to UE which can be different from the numerology for PDSCH transmission of a UE.
Proposal 3: CSI-RS for CSI acquisition is always transmitted with the same numerology as PDSCH for a UE without exception if PDSCH of the UE is present in the same slot.
To support P-1/P-2/P-3, gNB may use the same/different beams to transmit CSI-RS in different sub-time-units of a time unit. Since a CSI-RS resource may be used for Tx beam management or Rx beam management, UE should know which CSI-RS or sub-time-unit is respectively used for P1 or P2 or P3. Hence, gNB could indicate UE whether multiple CSI-RS or sub-time-units within a time unit use the same or different beams via configuration/activation/triggering signaling of CSI-RS resources or via indication of sub-time-units.
Proposal 4: For beam management, whether CSI-RS in different sub-time-units or in a time unit use the same or different beams should be indicated to UE via configuration of CSI-RS or sub-time-units.
2.2. Resource allocation for CSI-RS
It was agreed that CSI-RS resource with 1 port and 2 ports could be used for beam management and the value of density D (D>=1) needs further discussion. The decision should consider the resource overhead of CSI-RS and requirement of beam management. One correlative issue is whether the REs within one OFDM symbol can be multiplexed by multiple CSI-RS resources/ports with different beams via FDM. The density could be large for resource efficiency if CSI-RS resources with different beams can only be multiplexed in different symbols.
During the discussion of FD-MIMO in LTE, two TXRU mapping schemes were defined for analog beamforming: subarray based or full-connected based. For full-connected connection, different beams can only be used via TDM. For subarray based connection, as shown in Fig.1, multiple antenna element groups or panels can be used to transmit CSI-RS with different beams simultaneously, e.g. in different REs of one symbol. Also, for a gNB with multiple panels, simultaneous multiple beams from different panels are possible. Hence, whether multiple CSI-RS resources with different beams can be FDMed is gNB implementation and can be scheduled by gNB. To improve the resource efficiency for case of subarray connection, NR specification should support multiplexing of as many beams as possible within one symbol. We propose to at least support small density of CSI-RS for beam management, e.g. D=1 for 1 port and 2 ports.
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Fig.1 Analog beamforming of CSI-RS based on subarray based TXRU mapping
Proposal 5: For 1-port and 2-port CSI-RS resource for beam management, at least support D=1.
In NR, separate beam management processes are specified for CSI-RS, SS block and PDCCH. For example, SS block may use a set of wide beams for larger coverage, CSI-RS may use narrow beams for beam sweeping, and PDCCH may use narrower beams based on the result of beam sweeping. It is also possible that the same beam is applied to different signal. For example, CSI-RS could use a beam subset based on beam sweeping of SS block, and PDCCH could use a beam subset of CSI-RS. In this case, CSI-RS and SS block/PDCCH with the same beam could be FDMed in the same symbol to improve the resource efficiency of SS block symbol and PDCCH symbol. Furthermore, as shown in Fig.1, if CSI-RS and SS block/PDCCH are transmitted via different panels/antenna element groups, they can also be transmitted simultaneously. Hence, the scheduling in NR should allow the case of FDM between CSI-RS and SS block or between CSI-RS and PDCCH.
Proposal 6: For FDM between CSI-RS and other RS, support the following:

· Option 1-2: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s)
· Option 2-2: From a UE perspective, CSI-RS can be multiplexed on PDCCH OFDM symbol(s) for a slot 
3. Conclusions
In this contribution, we discuss the design of CSI-RS for beam management and CSI acquisition. We have the following proposals:
Proposal 1: For beam management, the maximum number of beams supported by CSI-RS should not be larger than the maximum number of SS-blocks in a SS burst set for one frequency range.
Proposal 2: The reference numerology for CSI-RS in current agreement is defined as the numerology for transmission of CSI-RS for beam management.
· If not explicitly indicated, reference numerology is always equal to the numerology for PDSCH transmission of the UE if PDSCH is present in the same slot.
· A specific reference numerology can be explicitly indicated to UE which can be different from the numerology for PDSCH transmission of a UE.
Proposal 3: CSI-RS for CSI acquisition is always transmitted with the same numerology as PDSCH for a UE without exception if PDSCH of the UE is present in the same slot.
Proposal 4: For beam management, whether CSI-RS in different sub-time-units or in a time unit use the same or different beams should be indicated to UE via configuration of CSI-RS or sub-time-units.
Proposal 5: For 1-port and 2-port CSI-RS resource for beam management, at least support D=1.
Proposal 6: For FDM between CSI-RS and other RS, support the following:

· Option 1-2: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s)
· Option 2-2: From a UE perspective, CSI-RS can be multiplexed on PDCCH OFDM symbol(s) for a slot 
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