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1 Introduction
In RAN1#89 meeting [1], considering overhead and latency for beam management, sub-time units for CSI-RS design was discussed and agreements were achieved as:
Agreements:
· Confirm the WA of CSI-RS for Beam Management in RAN1 #88bis (copied below).
· For CSI-RS for Beam Management, NR supports sub-time units equal to and smaller than an OFDM symbol in a reference numerology
· FFS details including configurability, e.g., taking into account UE implementation complexity/capability and impact on CSI-RS design 
· FFS the case of time unit larger than an OFDM symbol in a reference numerology
· E.g., 
· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing 
· Opt-3: DFT-based
· Down-select from the below options when sub-time unit smaller than an OFDM symbol in a reference numerology:
· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing 
· Opt-3: DFT-based 
· Note: for beam management, the reference numerology for a bandwidth part is determined based on the UE-specific configuration for the bandwidth part
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]And NZP CSI-RS based interference measurement was discussed and achieved as working assumption:
Working assumption:
· Support at least NZP CSI-RS based interference measurement 
· select at least one of following scheme
· Scheme-1: Estimation on NZP CSI-RS for channel estimation (by subtracting NZP CSI-RS from Rx signal)
· Scheme-2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix
· Aim to conclude whether to support one of them or both in the next RAN1 meeting
· FFS whether or not to support signaling of power boosting for NZP CSI-RS
· Other schemes are not precluded
In this contribution, we provided our views on CSI-RS design for beam management and interference measurement in NR.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
2.1 CSI-RS for beam management
Based on the previous discussion and agreements, CSI-RS should be supported for Tx and/or Rx beam sweeping to acquire the best Tx-Rx beam pair(s). While considering the multiple candidates for Tx and Rx beams, especially in high frequency range with narrow beam width, the overhead and latency for beam management should be carefully considered for CSI-RS structure design. Furthermore, considering the wideband configuration for analog beamforming, TDM for analog beam sweeping is preferred.
So based on the TDM structure, sub-time units smaller than an OFDM symbol in a reference numerology should be supported to achieve low overhead and latency for beam management. As discussed in previous meetings, IFDMA and larger subcarrier spacing are options for sub-time unit schemes. Both of the two options can provide multiple Tx and/or Rx beams within one OFDM symbol, and both have pros and cons. For IFDMA scheme, the OFDM symbol generation can be same with the unchanged subcarrier spacing, and the longer CP is beneficial for large delay spread and beamforming transition between symbols. And for scheme with larger subcarrier spacing, each sub-time unit is an individual symbol, so this scheme is more beneficial for independent configurations for each sub-time unit, e.g. different Tx beam sweeping. In addition, the CP between the sub-time symbols can also be used for beamforming transition. So both of the two schemes should be supported for beam management, and we propose that:
Proposal 1: Both IFDMA and larger subcarrier spacing should be supported for CSI-RS design for beam management.
Furthermore, for IFDMA structure, the resources for CSI-RS are mapped to every K resource elements, where K is the repetition factor. For multiple beams sweeping, multiple CSI-RS ports can be configured in one OFDM symbol. While considering different beam requirements for different UEs and the inter-TRP or inter-panel sweeping coordination, nested CSI-RS structure based on IFDMA is more attractive, example for 8-port and 4-port CSI-RS is shown in Figure 1.
[image: ]
Figure 1. Example for 8-port and 4-port CSI-RS configurations based on IFDMA
As shown in Figure 1, all the 8 REs can be configured for 8-port CSI-RS for beam sweeping, and for 4-port CSI-RS configuration, 4 REs from the resources for 8-port can be selected, while keeping other 4 REs empty. Based on this structure, two 4-port configurations can share the same symbol, which can further reduce the overhead for beam management. In addition, for the resources configured to one UE, there are two cases, one is for one 8-port configuration, and one or several beams will be selected from the 8 ports, and the other is for two 4-port configuration, and one or several beams will be selected for each 4-port configuration, so based on this structure, more flexible configurations can be achieved.
On the contrary, the density for 4-port configuration is reduced with fewer resources, which may influence the estimation accuracy, while as the beam management is based on RSRP measurement, the accuracy is still acceptable.
So based on the above discussion, we propose that:
Proposal 2: For IFDMA scheme, nested structure as shown in Figure 1 should be studied for CSI-RS design for beam management.
2.2 CSI-RS for interference management
In previous meeting, ZP CSI-RS based interference measurement was agreed. NZP CSI-RS and DMRS based interference measurement was also discussed hotly. Jointly ZP and NZP CSI-RS based interference measurement can achieve more accurate interference. In addition, the interference measured based on DMRS can be more accurate for the scheduling, e.g. for multi-user scheduling, at least can be used for interference cancellation for advanced receiver. As several different DMRS configurations/patterns were agreed to be supported in NR. The DMRS based interference measurement configuration should be further studied.
As the CSI-RS in NR is designed for several functionalities, e.g. for CSI acquisition, beam management, and CSI-RS may also be used for mobility and fine time and frequency tracking. And for the measured interference, it is mainly focused for the CSI acquisition for scheduling, so CSI-RS for CSI acquisition is more suitable for interference measurement. CSI-RS for beam management and/or mobility, maybe only RSRP is measured to select one or several TRPs/Cells, so the CSI-RS for these functionalities may not be suitable for interference measurement, at least not suitable for interference for CSI. The interference measurement should be based on some of the CSI-RS configurations. So based on the above discussion, we propose that:
Proposal 3: For NZP CSI-RS based interference measurement, not all the CSI-RS resources can be configured.
3 Conclusion
In this contribution, we provided our proposals for CSI-RS design for beam management in NR. And we propose that:
Proposal 1: Both IFDMA and larger subcarrier spacing should be supported for CSI-RS design for beam management.
Proposal 2: For IFDMA scheme, nested structure as shown in Figure 1 should be studied for CSI-RS design for beam management.
Proposal 3: For NZP CSI-RS based interference measurement, not all the CSI-RS resources can be configured.
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