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1. Introduction
In RAN1 #89 meeting, following agreements were made on CSI-RS design for beam management.
	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



 In this contribution, we discuss several open issues on CSI-RS design for beam management based on the above agreements.

1. General view on NR CSI-RS 
It was agreed that CSI-RS supports beam management for NR, so that CSI-RS design should take analog beamforming aspects into account. Design requirement of CSI-RS for beam management could be different from CSI-RS for CSI acquisition in some aspects of the number of ports, time/frequency density, port multiplexing method, and so on. Therefore, it would be necessary to optimise CSI-RS design for beam management (i.e. CSI-RS type B) and for CSI acquisition (i.e. CSI-RS type A), respectively, while maintaining commonality between two CSI-RS types, such as CSI-RS RE locations. Main purpose of CSI-RS type A is the DL link adaptation analogous to LTE CSI-RS, and the main purpose of CSI-RS type B is the DL Tx/Rx beam management which does not necessarily require measurement accuracy for link adaptation, so that CSI-RS type B could be more sparse compared to CSI-RS type A from frequency density perspective at least. CSI-RS type B however may need to support transmission of more RSs within a slot to allow measurements of a large set of {Tx beam, Rx beam} hypothesis.
From a perspective of unified CSI-RS design considering both purposes, both CSI-RS types could be included in Resource setting, and then different Reporting setting can be associated separately, i.e. one for CSI reporting and the other for beam reporting. 
Proposal 1: NR should consider independent optimization of two types of NZP CSI-RS:
· CSI-RS type A: mainly for DL CSI acquisition
· CSI-RS type B: mainly for DL beam management
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1. Discussions on CSI-RS for beam management

· Design requirements 
Beam selection can be done based on received power (e.g., RSRP) comparison of different CSI-RS. To minimize RS overhead, single measurement wise comparison would be desirable, i.e., each beam can correspond to one CSI-RS port. In X-pol antennas, the signal can be transmitted on one pol only or both pols but virtualized to one port.
Proposal 2: To minimize RS overhead, it should be a baseline assumption that each beam corresponds to one CSI-RS port.

· Sub-time unit determination
For CSI-RS type B, the sub-time unit can be set to be equal to or smaller than one OFDM symbol in a reference numerology. Since UE needs to be able to switch its beam or measure beam quality with the interval of sub-time unit, UE’s hardware capability should be taken into account such as beam switching latency, AGC saturation time, processing time, etc. If sub-time unit is configurable, the smallest value for the sub-time unit should be dependent on the UE capability. For example, the sub-time unit should be fixed to one OFDM symbol for low-end UEs. 
For periodic CSI-RS based UE-group-common beam management, more than one UE can share the CSI-RS resource(s) for selecting their own Tx and Rx beams. For those types of CSI-RS, the sub-time unit needs to be set based on the worst UE capability. Therefore, shared and periodic CSI-RS can be considered to use sub-time unit of one OFDM symbol length, and UE-specific aperiodic/semi-persistent CSI-RS can be considered to use sub-time unit smaller than one OFDM symbol.
Proposal 3: Supportable range of sub-time unit should be dependent on UE capability.
· For low-end UEs, sub-time unit equals to an OFDM symbol 
· For high-end UEs, sub-time unit can be set as a value smaller than an OFDM symbol 

· Method for sub-time unit smaller than one OFDM symbol
For the sub-time unit smaller than one symbol, one of the three candidates is to be down-selected until RAN1 NR Ad-Hoc #2. In our view, IFDMA is more suitable for sub-time unit reduction technique among them. CSI-RS with larger subcarrier spacing can be implemented by the different sampling rate and FFT size, so that UE requires additional receiver filter to process CSI-RS symbols with different numerology, which can hugely increase UE complexity. IFDMA, on the contrary, can be implemented with the comb-like CSI-RS structure, which is relatively simpler. Guard subcarriers between bands with different numerology is also required for the case of larger subcarrier spacing, which results in decreasing the transmission/reception efficiency compared to IFDMA case as well. 
Assuming the IFDMA option is adopted, there are some remaining issues to be clearly addressed together, e.g., how many RPF values are to be supported, whether comb offset is also supported, how UE can clearly distinguish NZP (Non-Zero-Power) CSI-RS REs and ZP (Null) REs in the same OFDM symbol so as to be utilized for proper Rx beam sweeping at least for P-3, and so forth. Figure 1 shows a simple illustration on possible configurations of CSI-RS resources with IFDMA, each for UE1 or UE2 in the same TRP, where Figure 1(a) depicts each UE’s configuration on the same OFDM symbol, and Figure 1(b) depicts the resulting total CSI-RS RE allocation in the perspective of the TRP.

[image: C:\Users\admin\Desktop\기고문_port2_final.png]
Figure 1. An example on configurations of CSI-RS resources with IFDMA, each for UE1 or UE2, in the same TRP. 

If comb offset (denoted by O) is also supported in NR for configuration of a CSI-RS resource with IFDMA, we can consider a simple example as in Figure 1(a), where UE1 is configured with {RPF=4, O=0} and UE2 is configured with {RPF=4, O=2}, in which each UE does not know another UE’s configuration in general. In such case, UE1 cannot be guaranteed to properly perform Rx beam sweeping with four different Rx beams within the OFDM symbol (although the UE1 is configured with RPF=4), because there are another FDMed CSI-RS REs allocated for UE2 with {RPF=4, O=2} which eventually breaks down the 4-times repetition pattern in time domain from the perspective of UE1. Therefore, TRP shall provide additional necessary information on how many Rx beams the UE can perform the Rx beam sweeping within the OFDM symbol, e.g., max 2 Rx beams in the above example instead of using 4 Rx beams, although UE1 is configured with RPF=4. Some possible options on such additional necessary information are listed as follows:  
· Opt-1: In addition to RPF and comb offset value in a configured CSI-RS resource for beam management, gNB provides UEs with the maximum possible number of sweeping beams (i.e., maximum number of time-domain repetitions within an OFDM symbol considering user multiplexing in frequency domain).
· Opt-2: For allowing more flexible CSI-RS RE mapping in terms of gNB implementation, one resource setting can include multiple CSI-RS resources where one of the resources is configured with {‘NZP’, RPF, O}, and the other resources are configured with {‘ZP’, RPF, O} in order to indicate Null RE positions.
· Opt-3: On top of Opt-2, when UE1 as in Figure 1 is capable of receiver processing with interference cancellation, the UE1 can be configured with additional NZP CSI-RS resource(s), e.g., same NZP configuration for UE2 in the figure, for the interference cancellation.
Proposal 4: Support IFDMA for sub-time unit smaller than one OFDM symbol.
Proposal 5: If RPF and comb offset are supported in NR for configuration of a CSI-RS resource with IFDMA, the configuration shall include additional information on how many Rx beams the UE can use in the Rx beam sweeping within an OFDM symbol.

· CSI-RS resource/antenna port to beam mapping  
In RAN1#87, it was agreed to introduce the definition of CSI-RS resource in NR. In LTE, a CSI-RS resource could be mapped to a TRP for CoMP or a beam for Class B (e)FD-MIMO operation. Selection of TRP or beam was done based on CSI-RS resource wise measurement. 
Similarly, in NR, TRP beam selection can be done based on CSI-RS resource-wise measurement. A CSI-RS resource for beam management can be mapped to a beam or a beam group, and UE could report CRI for beam or beam group selection. Since the number of possible beams can be so large, the latter case can be more efficient. In this case, final beam selection could be done by antenna port selection. 
In summary, a number of beam candidates can be grouped and mapped into multiple CSI-RS resources. Then, beams belonging to the same CSI-RS resource can be identified by CSI-RS ports. Accordingly, efficient beam management will be possible through hierarchical beam grouping based on CSI-RS resource and CSI-RS ports.
Proposal 6: TRP beam group selection can be done based on CSI-RS resource selection, and a beam selection within the beam group can be done by antenna port selection.
 
· CSI-RS port multiplexing within a CSI-RS resource
CSI-RS ports in a CSI-RS resource can be TDMed, FDMed, or both. Comparing TDM with FDM, FDM is more preferable for faster beam group selection. If multiple CSI-RS ports are FDMed in an OFDM symbol, multi-beam measurement can be enabled within the OFDM symbol. In this case, beam group selection is done in time-domain, and beam selection within a beam group is done in frequency-domain. Beams multiplexed in frequency domain can be analog beams simultaneously transmitted on different TXRUs or panels, as well as digital beams. 
Regarding CDM based port multiplexing, CSI-RS for beam management at least requires OFDM symbol wise analog beam change and therefore TD-CDM should be avoided. If FD-CDM is jointly applied with FDM across CSI-RS ports, rearrangement of CSI-RS RE mapping per UE such that FD-CDMed RE positions are close as possible needs to be considered for better tolerance in frequency selectivity, while maintaining time domain signal repetitions.
Proposal 7: TD-CDM is not supported for CSI-RS type B for beam management.
Proposal 8: For support of multi-beam measurement within an OFDM symbol, it should be considered that multiple CSI-RS ports FDMed and/or FD-CDMed in an OFDM symbol.

· Collision handling among CSI-RS resources
When we consider hybrid beamforming, simultaneous activation of analog beam management and CSI acquisition for digital beamforming needs to be supported. To do so, multiple CSI-RS resources for CSI acquisition and beam management can be configured to UE, where each configured CSI-RS resource may be either an aperiodic, semi-persistent, or periodic type. In terms of gNB implementation, it would be difficult to always guarantee non-overlapping resource assignment for all the configured CSI-RS resources. Especially for aperiodic type of CSI-RS resources, the network may intend to trigger it in a slot where a collision to another configured CSI-RS resource may happen, in the aspect of flexible assignment of CSI-RS transmissions for different use cases. In terms of UE implementation as well, at least certain collision handling rules for prioritization among aperiodic/semi-persistent/periodic CSI-RS resources need to be specified including cases for CSI acquisition and beam management, so as to avoid any potential ambiguity due to collision on CSI-RS measurements and to allow network flexibility in such CSI-RS assignment and triggering. 
Proposal 9: Consider collision handling among aperiodic/semi-persistent/periodic CSI-RS resources including CSI-RS resource for the CSI acquisition and beam management.

1. Conclusion
This contribution discussed NR CSI-RS design for beam management. Following proposals are given, based on the discussion:

Proposal 1: NR should consider independent optimization of two types of NZP CSI-RS:
· CSI-RS type A: mainly for DL CSI acquisition
· CSI-RS type B: mainly for DL beam management
Proposal 2: To minimize RS overhead, it should be a baseline assumption that each beam corresponds to one CSI-RS port.
Proposal 3: Supportable range of sub-time unit should be dependent on UE capability.
· For low-end UEs, sub-time unit equals to an OFDM symbol 
· For high-end UEs, sub-time unit can be set as a value smaller than an OFDM symbol 
Proposal 4: Support IFDMA for sub-time unit smaller than one OFDM symbol.
Proposal 5: If RPF and comb offset are supported in NR for configuration of a CSI-RS resource with IFDMA, the configuration shall include additional information on how many Rx beams the UE can use in the Rx beam sweeping within an OFDM symbol.
Proposal 6: TRP beam group selection can be done based on CSI-RS resource selection, and a beam selection within the beam group can be done by antenna port selection.
Proposal 7: TD-CDM is not supported for CSI-RS type B for beam management.
Proposal 8: For support of multi-beam measurement within an OFDM symbol, it should be considered that multiple CSI-RS ports FDMed and/or FD-CDMed in an OFDM symbol.
Proposal 9: Consider collision handling among aperiodic/semi-persistent/periodic CSI-RS resources including CSI-RS resource for the CSI acquisition and beam management.
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