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1. Introduction
In RAN1 #87 and NR Ad-Hoc meetings, following agreements and working assumptions are made regarding DL beam management for NR:
	Agreements:
· Refine the agreement on RS and IM settings as follows:

· “RS setting” is renamed as “Resource setting”, comprising configuration for signal for channel and/or interference measurement

· Remove “IM setting”

· Terminology clarification

· A UE can be configured with N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting, where the CSI measurement setting includes L ≥1 links

· Each of the L links corresponds to a CSI reporting setting and a Resource setting

· At least the following configuration parameters are signaled via RRC at least for CSI acquisition: 

· N, M, and L – indicated either implicitly or explicitly

· In each CSI reporting setting, at least: reported CSI parameter(s), CSI Type (I or II) if reported, codebook configuration including codebook subset restriction, time-domain behavior, frequency granularity for CQI and PMI, measurement restriction configurations

· In each Resource setting: 

· A configuration of S≥1 CSI-RS resource set(s) 

· Note: each set corresponds to different selections from a “pool” of all configured CSI-RS resources to the UE

· A configuration of Ks ≥1 CSI-RS resources for each set s, including at least: mapping to REs, the number of ports, time-domain behavior, etc.
· In each of the L links in CSI measurement setting: CSI reporting setting indication, Resource setting indication, quantity to be measured (either channel or interference)

· One CSI reporting setting can be linked with one or multiple Resource settings

· Multiple CSI reporting settings can be linked with the same Resource setting

· At least following are dynamically selected by L1 or L2 signaling, if appilicable
· One or multiple CSI reporting settings within the CSI measurement setting

· One or multiple CSI-RS resource sets selected from at least one Resource setting

· One or multiple CSI-RS resources selected from at least one CSI-RS resource set
· FFS until the next meeting about details of dynamic triggering
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 DL beam management framework for NR.

2. Discussion on DL beam management framework
2.1. Resource setting

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
Regarding CSI-RS type B for DL beam management, one of the above agreements states that beam management overhead and latency are to be considered including at least Opt.1 IFDMA and Opt.2 Larger subcarrier spacing. First of all, it is unclear whether Opt.2 has more benefits compared to Opt.1, since both options try to achieve similar goals in terms of overhead and latency, but Opt.2 seems to cause unnecessarily larger network implementation complexity, at least for considering CSI-RS resource multiplexing in frequency domain for multiple UEs each with different subcarrier spacing.

Therefore, Opt.1 may be an option to be further investigated. However, there seems to be multiple open issues regarding Opt.1 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-1 and 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 2: Regarding Opt.1 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.
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Figure 1: An example of whole DL beam management procedure.
As shown in Figure 1, DL beam management procedure can be two stages. TRP(s) and UE are able to have a coarse beam (e.g. a group of beams) alignment utilizing SS burst and/or MRS, and then the best TRP Tx beam(s) and UE Rx beam(s) can be found by using CSI-RS type B for beam management. In that case, a CSI-RS resource for beam management could be mapped to the coarse beam (i.e., the group of beams) so that finer Tx beam(s) selection and reporting could be done by antenna port selection within the CSI-RS resource. In RAN1#87, three options to map CSI-RS for Tx and Rx beam sweeping was listed as captured above. Regarding the three options, it is sufficient to support only Option 1 which is written as follows for supporting the identified DL beam management procedures P-1, P-2, and P-3 without introducing other options. 
· Option 1: 
· Tx beam(s) are same across sub-time units within each time unit
· Tx beam(s) are different across time units
In this regard, P-3 can be supported by configuring a single CSI-RS resource consisting of multiple OFDM symbols and/or potential comb value setting, and P-2 can be supported by configuring multiple CSI-RS resources, each consisting of a single OFDM symbol. In addition, P-1 can be supported by combinations of P-2 and P-3 where multiple CSI-RS resources are configured, each consisting of multiple OFDM symbols as an example. 
2.2. Measurement setting

As we discussed, CSI-RS measurement is needed to select the best TRP Tx beam and/or UE Rx beam. For Tx beam selection, RS resource is chosen based on RSRP or CQI similarly to CSI-RS resource indicator (CRI) selection as in LTE eFD-MIMO. On the other hand, for UE Rx beam selection, it would be natural that TRP only needs to know the number of UE beam candidates and do not need to know the UE Rx beam coefficients and whether UE Rx beam has been changed or not. 
In the DL beam management framework perspective, a Measurement setting for beam management also includes L ≥1 links, where each of the L links configures at least the association between a Resource setting and a Reporting setting for beam management.

Proposal 3: A Measurement setting for beam management also includes L ≥1 links, where each of the L links configures at least the association between a Resource setting and a Reporting setting for beam management.
2.3. Reporting setting

As mentioned above, beam management procedure can be understood as a special case of CSI acquisition procedure. However, reporting contents for beam management could be different from those for CSI acquisition. For example, CRI and/or port index reporting would be required for beam management without PMI/RI reporting. In addition, beam strength related metrics (e.g., RSRP or CQI type of metric) may need to be reported together, but its purpose may not include DL link adaption so that reporting granularity or content could be different. Also, P-3 beam management procedure may not require CRI and/or port index reporting but RSRP (or CQI) type of reporting may or may not be needed to determine whether new Tx beam(s) can be used for P-3. For unified framework, it is desirable to support both beam management and CSI acquisition with the same resource/measurement/reporting settings, but certain necessary restrictions for measurement/reporting settings can be considered in order to avoid any unintended combinations among them. 
Proposal 4: Beam reporting for the purpose of DL beam management is included in Reporting setting, e.g.,

· P-1 and P-2 can be supported with Resource, Reporting, and Measurement settings.
· P-3 can be supported with Resource and Measurement settings.
3. Conclusion
This contribution discussed DL beam management framework for NR. Following proposals are given, based on the discussion:
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: Regarding Opt.1 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 3: A Measurement setting for beam management also includes L ≥1 links, where each of the L links configures at least the association between a Resource setting and a Reporting setting for beam management.
Proposal 4: Beam reporting for the purpose of DL beam management is included in Reporting setting, e.g.,

· P-1 and P-2 can be supported with Resource, Reporting, and Measurement settings.
· P-3 can be supported with Resource and Measurement settings.
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