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1. Introduction
In RAN1#87 and Ad-Hoc meetings, several issues related to CSI-RS design for beam management were discussed and agreed as follows:
	Agreements:
· UE measurement based on RS for beam management (at least CSI-RS)  composed of K (= total number of configured beams) beams and reporting measurement results of N selected beams:

· N is not necessarily fixed number 
· FFS: whether/how to configure and/or indicate the values of N
· Note: The above procedure based on RS for mobility purpose is not precluded.
· Reporting information at least include

· Measurement quantities for N beam (s) 
· FFS: Detailed reporting contents, e.g., CSI, RSRP or both

· FFS: How to select N beam(s)
· FFS: how to identify the subset
· Information indicating N DL Tx beam(s), if N < K

· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, etc.

Agreements:

· 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

Agreements:
· CSI-RS supports the DL Tx beam sweeping and UE Rx beam sweeping

· NOTE: CSI-RS can be used in P1, P2, P3
· NR CSI-RS supports the following mapping structure

· NP CSI-RS port(s) can be mapped per (sub)time unit
· Across (sub)time units, same CSI-RS antenna ports can be mapped

· Values of NP is FFS

· Here, “time unit” refers to n>=1 OFDM symbols in a configured/reference numerology,  where the value of n is FFS
· FFS whether OFDM symbols comprising a time unit is consecutive or not
· FFS Port multiplexing method, e.g., FDM, TDM, CDM, any combinations 
· Each time unit can be partitioned into sub-time units
· FFS Partitioning method, e.g., TDM, IFDMA, OFDM symbol-level partition with same/shorter OFDM symbol length(i.e. larger subcarrier spacing)  as/than the reference OFDM symbol length (subcarrier spacing), and other methods are not precluded
· This mapping structure can be used for supporting multiple panels/Tx chains
· Options to map CSI-RS for Tx and Rx beam sweeping for further study
· Option 1: 
· Tx beam(s) are same across sub-time units within each time unit
· Tx beam(s) are different across time units
· Option 2:
· Tx beam(s) are different across sub-time units within each time unit
· Tx beam(s) are same across time units
· Option 3: combination of Alt1 and Alt2:
· Within one time unit, Tx beam(s) are same across sub-time units.
· Within another time unit, Tx beam(s) are different across sub-time units.
· FFS combination of the different time units in terms of e.g., number and periodicity
· Note that only Tx sweeping or Rx sweeping is also a possibility

· Other options are not precluded.
· FFS: how to capture “same beam” and “different beam” in spec
· FFS: Whether the above mapping structure is configured with one or multiple CSI-RS resource configurations


 In this contribution, we further discuss CSI-RS design for beam management.  

2. 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 and CSI-RS for CSI acquisition could be quite different in aspects of number of ports, time/frequency density, port multiplexing method, and so on. Therefore, it would be necessary to design CSI-RS for beam management (i.e. CSI-RS type B) separately from the CSI-RS for CSI acquisition (i.e. CSI-RS type A). 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 sparser than 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 unified CSI acquisition and beam management framework perspective, however, both CSI-RS types could be included in Resource setting, and then different Reporting setting can be associated separately, i.e. one for conventional CSI reporting and the other for beam reporting. 
Proposal 1: NR should consider designing two types of NZP CSI-RS separately.

· CSI-RS type A: mainly for DL link adaptation
· CSI-RS type B: mainly for DL beam management
3. Discussions on CSI-RS for beam management

· Design requirements 
Beam selection can be done based on received power 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, these signals 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.
Let us consider a TRP antenna configuration (MxNxPxMgxNg) = (4x8x2x2x2) as a reference, which we have assumed during the MIMO calibration campaign for 30GHz [2]. If a beam is transmitted on single panel and each panel transmits different beams at the same time, number of beam candidates can be given by 4x8xOs where Os denotes oversampling rate. Alternatively, if a beam is transmitted across the whole 2X2 panels, number of beam candidates can be 8x16xOs. If we set the oversampling rate to one, 32 beams are required for the former case and 128 beams are required for the latter case. 
Observation 1: For a maximum number of TRP beams for beam management, at least 32 beams needs to be supported.
· 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 3: 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. 
Proposal 4: For support of multi-beam measurement within an OFDM symbol, it should be considered that multiple CSI-RS ports FDMed in an OFDM symbol.
Proposal 5: A CSI-RS resource for beam management can be mapped to a symbol, and antenna ports within a resource can be multiplexed in frequency domain.
· Design considerations for P3
It was agreed in [1] that Tx beam(s) are same or different across sub-time units within each time unit where sub-time unit can be equal to or smaller than one OFDM symbol. Some companies propose dividing one OFDM symbol into multiple sub-time units for P3 operation, i.e., allowing UE Rx beam sweeping for a same TRP Tx beam. To this end, IFDMA or larger subcarrier spacing can be considered. 

Between the two, the former seems to be more appropriate as described in [3]. If IFDMA is considered, there seems to be multiple open issues which need to be clearly understood first, e.g., how many comb values are to be supported, whether comb offset is also supported, how UE can clearly distinguish NZP CSI-RS REs and ZP (Null) REs in the same OFDM symbol so as to be utilized for Rx beam sweeping for P-3, and so forth. One possible option regarding the last issue would be reusing the above agreed framework such that one resource setting includes multiple CSI-RS resources where one of resources is to be configured with NZP and certain comb value/offset, and the other resources are to be configured with ZP and independent comb value/offset to properly indicate Null REs. It should be carefully checked whether CSI-RS resource multiplexing in frequency domain for multiple UEs is properly supported, including independent comb value/offset configurations with appropriate Null RE configurations.
Proposal 6: Regarding IFDMA, further open issues should be carefully addressed first, including proper Null RE configurations at least for supporting CSI-RS resource multiplexing in frequency domain for multiple UEs.
On the other hand, P-3 can also be supported by configuring a single CSI-RS resource consisting of multiple OFDM symbols or repeating a single CSI-RS resource over multiple OFDM symbols. This approach can be more straightforward and could simplify the UE implementation by keeping beam switching interval to integer multiples of symbol duration. Overhead optimization techniques can be useful but the negative impacts on estimation performance (e.g. coverage) and UE implementation complexity (e.g. beam switching interval, AGC saturation) should be carefully analyzed.
Proposal 7: Design multiple OFDM symbol based DL beam management first for supporting P-1, P-2, and P-3. Overhead reduction techniques can be introduced after analyzing pros and cons completely.
· CSI-RS type A and CSI-RS type B patterns
When we consider hybrid beamforming, simultaneous activation of analog beam management and CSI acquisition for digital beamforming needs to be supported. In order to assign CSI-RS type A and type B freely, the best way is to assign non-overlapped resources to CSI-RS type A and CSI-RS type B. If the overlap of resources is inevitable, certain rules for prioritization between CSI-RS type A and CSI-RS type B would need to be defined for the case of collision.
Proposal 8: Consider colliding and non-colliding CSI-RS resources between type A and type B. 
· Relationship between CSI-RS and MRS

As described in our companion contribution [3], SS burst and/or MRS can be designed to search a coarse beam. Also, CSI-RS can be used to determine fine beam where its beamwidth would be narrower than that of SS burst or MRS. In this case, one or more CSI-RS resources can be associated with SS burst  and/or MRS so that beam selection can be done in a hierarchical way and more efficiently. More details can be found in our companion contribution [3]. Accordingly, association between CSI-RS resource and SS burst and/or MRS should be considered for efficient beam selection.
Proposal 9: Association between CSI-RS resource and SS burst and/or MRS should be considered.
4. Conclusion
This contribution discussed consideration on NR CSI-RS design for beam management. Following observations and proposals are given, based on the discussion:

Observation 1: For a maximum number of TRP beams for beam management, at least 32 beams needs to be supported.
Proposal 1: NR should consider designing two types of NZP CSI-RS separately.

· CSI-RS type A: mainly for DL link adaptation
· 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: 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 4: For support of multi-beam measurement within an OFDM symbol, it should be considered that multiple CSI-RS ports FDMed in an OFDM symbol.
Proposal 5: A CSI-RS resource for beam management can be mapped to a symbol, and antenna ports within a resource can be multiplexed in frequency domain.
Proposal 6: Regarding IFDMA, further open issues should be carefully addressed first, including proper Null RE configurations at least for supporting CSI-RS resource multiplexing in frequency domain for multiple UEs.
Proposal 7: Design multiple OFDM symbol based DL beam management first for supporting P-1, P-2, and P-3. Overhead reduction techniques can be introduced after analyzing pros and cons completely.

Proposal 8: Consider colliding and non-colliding CSI-RS resources between type A and type B. 
Proposal 9: Association between CSI-RS resource and SS burst and/or MRS should be considered.
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