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1. Introduction
In RAN1 #89 meeting, the following agreements on CSI-RS for beam management have been achieved. [1] [2]
· 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

In the RAN1 NR Ad-Hoc meeting, the following agreements on CSI-RS for beam management have been achieved: [3] [4] 
· Beam management overhead and latency are to be considered during the CSI-RS design for NR beam management, considering the following possible candidate solutions:
· Opt1. IFDMA
· Opt2. Larger subcarrier spacing
· Other solutions are not precluded
· FFS: whether the above structure should be utilized for P-1 and/or P-2 and/or P-3.
· Other aspects considered during the CSI-RS design for NR beam management include, e.g. CSI-RS multiplexing, UE beam switch latency and UE implementation complexity (e.g. AGC training time), coverage of CSI-RS, etc.
· Note that it does not imply prioritizing different aspects in CSI-RS design
In RAN1 #88 meeting, the following agreements on CSI-RS for beam management has been achieved: [5]
· For beam management overhead and latency reduction, NR considers following options for a CSI-RS supporting beam sweeping within an OFDM symbol
· Opt-1: IFDMA [e.g., R1-1700350, R1-1703179]
· Opt-2: Larger subcarrier spacing [e.g., R1-1700350, R1-1701813]
· Opt-3: DFT-based [e.g., R1-1702329, R1-1703179]
· Other options are not precluded
· If supported, down-selection among the options during WI phase
· Note: the symbol duration is based on a reference numerology
In RAN1 #88b meeting, the following working assumption on CSI-RS for beam management has been agreed: [6][7]
· 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
It was agreed to support Tx and Rx beam sweeping using CSI-RS. By beam management procedure P-1, the UE should be able to find good Tx-Rx beam pair(s) using Tx and Rx beam sweeping operation. For the beam management procedure P-2, UE should be able to the find Tx beam using only Tx beam sweeping. Similarly, for the beam management procedure P-3, UE should be able to the find Rx beam using only the Rx beam sweeping. The beam management procedures P-2 and P-3 may be also be jointly enabled, which means the Tx and Rx beam sweeping on CSI-RS should be also supported. If the number of the beams to be swept is large, the overhead and latency for the CSI-RS could be one issue. Therefore, to support the sub-time unit smaller than 1 symbol could be helpful. In this contribution, we will provide discussion on the remaining details of CSI-RS for beam management. Note that the CSI-RS used in this contribution denotes the CSI-RS for beam management.
2. Discussion
2.1 Signal Structure
It has been agreed that the CSI-RS for beam management should be generated based on the following options:
· Option 1: IFDMA
· Option 2: Larger Subcarrier Spacing (SCS)
· Option 3: DFT-based
For IFDMA, the gNB could use the same FFT size for data channel and CSI-RS. The drawback is that it is not easy to multiplex the data channel and CSI-RS within the same symbol. For larger SCS, it is able to multiplex the data and CSI-RS in the same symbol. However it is not easy to transmit data in the symbols where beam sweeping is applied. The drawback is that the gNB should use two types of FFT within one slot and the number of UE beams in one CSI-RS symbol should not be transparent to the gNB. For option 3, there is no performance difference from option 1 and option 2, but it may increase the complexity as an additional DFT is required.
Both option 1 and option 2 could support Tx and Rx beam sweeping. For IFDMA, different Tx/Rx beams can be used in different sub-time units, and one example for joint Tx/Rx beam sweeping is illustrated in Figure 1. For larger SCS, different Tx/Rx beams can be used in different sub-symbols. 

Figure 1: one example for joint Tx/Rx beam sweeping by IFDMA based CSI-RS
Therefore as discussed above, the IFDMA based approach is easier for implementation and could have less spec impact. A fixed RPF and corresponding power boosting should be used to simplify the control signalling.
Proposal 1: for CSI-RS for beam management, IFDMA based scheme with a fixed RPF and corresponding power boosting should be supported.
Further, to save the overhead of CSI-RS, it is better to refine the beams at one time. Hence the CSI-RS should support multiple APs. For the IFDMA based approach, it is not easy to use CDM. Then one possible way is to multiplex different APs in FDM manner. However, to keep the time domain signal for each AP to be repeated, the RPF should be maintained. Figure 2 illustrates one example for 2 APs multiplexing scheme with RPF=4. Then the time domain signal for each AP could be repeated 4 times in time domain.


Figure 2: one example for multiple APs CSI-RS
Proposal 2: the CSI-RS for beam management should support multiple antenna ports and different antenna ports are multiplexed in a FDM manner without CDM.
2.2 Control Signalling
The CSI-RS can be used for DL BM P-1, P-2 and P-3. The control signalling could be different for different procedures. Since the RPF and corresponding power boosting can be fixed, there should be no control signalling regarding to the RPF and power related configuration. As the number of beams that can be simultaneously applied should be determined by the number of antenna panels, the number of antenna ports for CSI-RS should be configurable.
For CSI-RS for P-1, the duration of one Tx beam should be known by the UE. Hence the number of sub-time units per beam should be configured. Further to reduce the latency and overhead of P-1, it is better to divide the beams into multiple sub-sets, where one sub-set could reflect the full AoD and ZoD span with a lower sampling factor. Then as shown in Figure 3, the UE is able to use different Rx beams to receive different sub-sets. Hence the number of sub-sets for P-1 should also be configured. 


Figure 3: one example for beam sub-set
For CSI-RS for P-2, which is used for gNB beam refinement, the gNB should indicate the targeting BPL for gNB beam refinement, then the UE could use corresponding Rx beam used in the BPL to measure the beam state for the CSI-RS. Further the number of sub-time units per gNB beam should also be configured so that the UE could distinguish different gNB beams in time domain.
For CSI-RS for P-3, the gNB should also indicate the targeting BPL for UE beam refinement. Then the UE could update the Rx beam for this BPL after receiving the CSI-RS. Further P-3 may be used for measurement of a new gNB beam, which is used to judge whether a beam switching should be utilized. Hence a default BPL may be used to indicate whether the UE beam refinement is for a new gNB or not. If a new gNB beam is applied, the UE should prepare L1-RSRP feedback in order for gNB’s judgement of beam switching.
Proposal 3: the indication of number of antenna ports for CSI-RS should be supported, and the following control signalling for CSI-RS for each DL BM procedure should be supported:
· For CSI-RS for P-1, number of sub-time units per beam and number of gNB beam sub-sets should be configured.
· For CSI-RS for P-2, the targeting BPL index and number of sub-time units per gNB beam should be configured.
· For CSI-RS for P-3, the targeting BPL index including a value to indicate the beam refinement is for a new gNB should be configured.
2.3 Further Enhancement
It is still under discussion whether different numerologies can be used for different bandwidth parts. If it is supported, it is better to keep the same numerology of CSI-RS. Hence the larger SCS based scheme could be considered on top of IFDMA. Further, the DFT based scheme may help to create some gaps between each repetitions.  It can also be considered if it is necessary that the gap between each repetition should be configured.
Proposal 4: On top of IFDMA, the larger SCS and DFT-based scheme can be considered if there is additional benefit.
3. Conclusion
In this contribution we have provided our views on CSI-RS structure for beam management. From the discussion, we have the following observations or proposals.
Proposal 1: for CSI-RS for beam management, IFDMA based scheme with a fixed RPF and corresponding power boosting should be supported.
Proposal 2: the CSI-RS for beam management should support multiple antenna ports and different antenna ports are multiplexed in a FDM manner without CDM.
Proposal 3: the indication of number of antenna ports for CSI-RS should be supported, and the following control signalling for CSI-RS for each DL BM procedure should be supported:
· For CSI-RS for P-1, number of sub-time units per beam and number of gNB beam sub-sets should be configured.
· For CSI-RS for P-2, the targeting BPL index and number of sub-time units per gNB beam should be configured.
· For CSI-RS for P-3, the targeting BPL index including a value to indicate the beam refinement is for a new gNB should be configured.
Proposal 4: On top of IFDMA, the larger SCS and DFT-based scheme can be considered if there is additional benefit.
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