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1.  Introduction 

In previous RAN1 meetings, following agreements related to beam indication were made: 
Agreements (#88):
· For reception of unicast DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel: Information indicating the RS antenna port(s) is indicated via DCI (downlink grants)

· The information indicates the RS antenna port(s) which is QCL-ed with DMRS antenna port(s) 

· FFS: Indication details

· E.g. explicit indication of RS port/resource ID, or implicitly derived 

· FFS when the indication is applied (e.g., the indication is assumed only for the scheduled PDSCH or until next indication; when the above information is included, if there should be a scheduling/beam switch offset, etc.)

· FFS: Beam indication for receiving fall back unicast PDSCH (if supported)

· Note: related signaling is UE-specific
Agreements (RAN1#88bis):

· Aim for low-overhead indication for spatial QCL assumption to assist UE-side beamforming/receiving

· FFS details (e.g., tag-based where the tag refers to previous CSI-RS resources, BPL-based, referring to previous measurement reports, indication one resource (set) out of multiple resource (set)s configured by RRC, CSI-RS resource/port index based, etc.)
Agreements (RAN1 NR AH#2):
· RAN1 to study the relation (if any) between a measurement and/or reporting on a reference signal and a subsequent beam indication for beam management purposes

· Study the indicator(s) used for PDCCH and PDSCH 

· Study whether there is a relationship between the indicator types e.g. same type of indicator or different types

In this contribution, we provide our view and analysis on the related issues including, SS-block beam management, beam indication, and beam reporting.
2. Beam Indication Mechanism

As illustrated in Figure 1, to maintain a beamformed transmission between TRP and UE, two major steps are needed. Firstly, an amount of DL RS is transmitted via respective TRP beams for UE to perform measurements on various beam pair links between TRP beams and UE beams. A subset of beam pair links with stronger quality is determined by UE and their identity is reported to NW. Based on the reporting, TRP can decide TRP beam(s) for control/data channel transmission. In the second step, the beam(s) which will be used for control/data channel transmission is signalled to UE to facilitate the subsequent transmissions. In general, beam indication design should at least consider: 

· Minimizing overhead

· Signaling robustness: avoiding an occasional loss of signaling to ruin normal system operation.

· Joint design for beam training and control/data channel beam indication: same signaling method/content to be used during beam training phase and control/data channel beam indication purpose.

Beam management procedure under discussion include P-1/P-2/P-3 procedures. Functionality-wise, P-1 provides opportunities for exhaustive search between TRP beams and UE beams so that strong beam pair links can be identified efficiently, and P-2/P-3 provides beam refinement opportunities at TRP-side and UE-side, respectively, based on P-1 results. P-1/P-2/P-3 can also imply different UE Rx beam sweeping behavior. While both P-1 and P-3 procedures require UE beam sweeping on different Rx beams, P-1 procedure needs periodic RS in order to guarantee new beam pair link detection during e.g., mobility scenarios. In the following, beam indication mechanism that fulfills the above-mentioned requirements is proposed.
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Figure 1: Illustration on relationship between beam training and control/data channel beam determination.
3.1 Anchor Beam Indication Index on P-1 RS

Hierarchical beam search is key factor to keep beam management overhead small. To achieve this, leveraging different functionality of P-1/P-2/P-3 procedures is essential. To efficiently index strong beam pair link and update it, an appropriate approach would be to anchor such indexing operation in P-1 procedure. After P-1 related reporting, TRP can index meaningful (e.g., strongest ones) beam pair links with another set of low-overhead index (e.g., a shorter bit string). The low-overhead index is signalled to UE and based on which, UE can establish its own mapping between the low-overhead index and its UE Rx beam. Figure 2 illustrates the beam indexing maintenance by anchoring on P-1 RS. It is noted that the low-overhead indexing is updated only when it is necessary. For example, when there is change on the indexing due to emerging strong beam pair link. Besides, the discussion here does not make assumption on the type of P-1 RS. It can be either SS-block or CSI-RS as long as it fulfils the needs.
s
Figure 2: Illustration of beam indication indexing maintenance.

Proposal 1: Low-overhead indexing is anchored on P-1 related measurements and reports.
3.2 Associating P-2/P-3 Procedures with Beam Indication Index

With low-overhead indices established for beam indication, subsequent beam refinement in P-2/P-3 can then be associated with the low-overhead indices for UE to determine which UE Rx beam should be used for beam refinement. Essentially, for P-2/P-3 configuration or triggering, a low-overhead index is attached for UE to decide how to associate the corresponding measurements with its Rx beams. During a P-2 procedure as illustrated in Figure 3, the attached low-overhead index provides UE with information on which UE Rx beam should be used for corresponding measurements. The hierarchical structure of the associated P-2 beams and corresponding P-1 beam is shown as well for justifying sanity. Similar approach can be taken for P-3 procedure for UE-side beam refinement. It is noted that while in P-3 procedure, UE Rx beams for sweeping is selected by UE, providing low-overhead index for TRP P-3 beam would allow UE to select meaningful Rx beams for measurements, rather than selecting Rx beams randomly. This is beneficial when e.g., multiple beam pair links are being maintained. 
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Figure 3: Illustration of P-2 operation with low-overhead index for UE Rx beam determination.

Proposal 2: for beam refinement related to P-2 and P-3 procedures, low-overhead index is signaled for assisting UE Rx beam determination.

It is noted that the mechanism described above is robust in the sense that a missing measurement report does not destroy the common understanding of the low-overhead indices between TRP and UE, since a change in indexing needs to be explicitly signalled by TRP. For robustness purpose, this signalling can be carried in higher layer rather than DCI. Besides, the established low-overhead indexing can be used for indication of control channel beam(s) and data channel beam(s). 
3. Fallback Design
Per RAN1 discussion, a receiving fallback for NR-PDSCH is likely needed. By definition, a fallback beam for NR-PDSCH should be more robust than data channel beam. Since UE may not know when a fallback beam will be used, its receiving method for data channel beam and its corresponding fallback beam is preferably the same from UE perspective. With the observations above, using control channel beam as data channel fallback beam would be a good option as it is sensible to assume a control channel beam with wider angular coverage for robust reason. Apparently, a hierarchical beamforming structure between control and data channel beam is beneficial to assure that a same receiving method at UE side is valid for both of the beams. This is illustrated in Figure 4.
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Figure 4: Illustration of hierarchical structure between control and data channel beam.

Observation 1: Control channel beam can be used as fallback beam of data channel beam if control channel beam and data channel beam fulfil a hierarchical beam relationship.
Proposal 3: Using control channel beam as fallback for data channel beam.

With current RAN1 agreement for supporting multiple beam pair links maintenance for NR-PDCCH, explicit beam indication for data channel introduces not only signaling overhead consideration, but also complexity issue for data channel beam training. Intuitively, explicit data channel beam indication provides improved performance as its data channel beam selection does not need to be restricted e.g., in the way as illustrated in Figure 4. However, the actual gain from this needs to be substantial enough in order to surpass the overhead and complexity concerns. 

On the other hand, explicit beam indication may not be needed all the time, e.g., when one would like to save beam indication signaling overhead and data channel beam training complexity. In this case, it is beneficial to consider hierarchical structure (Figure 4) as a default relationship between control and data channel beam. In addition to saving beam indication signaling, candidate data channel beam search space is also reduced by the hierarchical relationship. Such hierarchical relationship is aligned with the proposed DL beam indication mechanism as illustrated in Figure 3.

For its simplicity, the price to pay for this default relationship between control and data channel beam is performance. Since beam sweeping is not performed among all possible candidate data channel beams and UE beams, the example provides suboptimal results. However, considering signaling and beam training overhead reduction, we think it is a good tradeoff. As already shown in our previous contribution [5], the performance degradation is small. Besides, the more the overhead is, it is likely to take more time for training, and thus longer latency. This scheme should be considered as baseline scheme for data channel beam reception. Explicit data channel beam indication is optionally configured when deemed beneficial.

Observation 2: Explicit data channel beam indication is not needed if control and data channel beams are constrained to follow a hierarchical beamforming structure. The hierarchical beamforming structure assumption achieves reduced signaling and reduced candidate data channel beam search overhead.

Proposal 4: A default configuration of data channel beam indication assumes reusing control channel beam indication information. Explicit data channel beam indication is additionally configured by NW when deemed beneficial.

4. Conclusion

In summary, based on the above discussion we have the following observations and proposals:
Observation 1: Control channel beam can be used as fallback beam of data channel beam if control channel beam and data channel beam fulfil a hierarchical beam relationship.
Observation 2: Explicit data channel beam indication is not needed if control and data channel beams are constrained to follow a hierarchical beamforming structure. The hierarchical beamforming structure assumption achieves reduced signaling and reduced candidate data channel beam search overhead.
Proposal 1: Low-overhead indexing is anchored on P-1 related measurements and reports.
Proposal 2: for beam refinement related to P-2 and P-3 procedures, low-overhead index is signaled for assisting UE Rx beam determination.
Proposal 3: Using control channel beam as fallback for data channel beam.
Proposal 4: A default configuration of data channel beam indication assumes reusing control channel beam indication information. Explicit data channel beam indication is additionally configured by NW when deemed beneficial.
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