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1. Introduction
For beam indication in beam management, the following was agreed [1] in the previous RAN1 meeting.
	Agreements:
· 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.)


In this contribution, we further discuss the remaining issues with respect to reduce the overhead for beam indication.
2. Beam indication for PDCCH Demodulation
[bookmark: OLE_LINK4]For communication at high frequency band, hybrid beamforming and multi-beam system are considered to overcome the high path loss between TRP and UE. The robustness of PDCCH transmission is a big challenge for NR study. Multiple BPLs are maintained to support robustness against beam pair link blocking. One of the use case for beam indication is for control/data channel demodulation. As UE may report multiple Tx beams which may corresponding to different Rx beams to the TRP, the TRP needs to indicate which UE Rx beam to use for control/data reception and this kind of information corresponds to a spatial QCL assumption between DL RS antenna ports used for beam measurement and DM-RS ports
For common PDCCH such as scheduling of system information, paging, at least beam sweeping can be used as a baseline solution. In other cases, DL RS such as SS-block and CSI-RS can be used for spatial QCL assumption with DMRS for common PDCCH demodulation. As SS block is used for beam selection during the initial access. Implicit association between gNB Tx beam and UE Rx beam for common PDCCH and SS beams should be considered, for example, the same Rx beam used during the initial access can be reused for common PDCCH reception. In another word, the reception of common PDCCH information does not rely on UE-specific beam management procedure. For UE-specific PDCCH, it has been agreed that the configuration of QCL for UE specific PDCCH is by RRC and MAC-CE signaling. In this case, it is possible for the UE to exploit the UE-specific beam management to refine the UE-specific PDCCH transmission/reception procedure. For that purpose, one can consider to associate the PDCCH demodulation RS with the CSI-RS used for UE-specific beam management.
Proposal 1: No UE-specific beam management is needed for receiving common PDCCH.
Proposal 2: For beam indication for UE-specific PDCCH, use spatial QCL between UE-specific CSI-RS for beam management and DMRS for PDCCH demodulation.
As it was agreed that a UE can be configured to monitor PDCCH on multiple beam pair links (BPL) simultaneously or on different BPLs in different OFDM symbols. From a UE perspective, it will monitor multiple PDCCH candidates in one or multiple control resource sets by using same or different Rx beam(s). If a UE is with high capabitlity that can moniter specific PDCCH candidate on multiple BPL simultaneously, the mapping of PDCCH candidates with the BPLs can be transparent to UE, as UE may do blind decoding of the PDCCH candidates simultaneously. However, if the UE is with low capability that can not monitor specific PDCCH candidate on multiple BPLs simultaneously, UE need to know not only the BPLs but also the mapping of PDCCH candidates with the BPLs to adapt to the Rx beams for correct reception. And this kind of mapping can be explicitly indicated to UE by RRC or MAC CE signalling, or implicitly indicated to the UE by referring to previous beam reporting, e.g., the beam transmission order for PDCCH is same with the beam reporting order.
Proposal 3: Support explicit/implicit indication of the transmission order of multiple BPL, e.g., use the same order with previous beam reporting order for implicic indication.
3. Beam Indication for Beam Management
Another use case of beam indication is for fine beam management, as the beams for P2 is from possibly smaller set of beams for beam refinement than in P1, the RS resource for P1 and P2 are closely related. The TRP needs to indicate which UE Rx beam to use for fine beam management, and this kind of information corresponds to a spatial QCL assumption between DL RS antenna ports used for P1 beam management and RS antenna ports used for P2 beam management. As Fig. 1 shows, multiple CSI-RS antenna ports for P2 beam management could have same spatial QCL assumption with RS antenna ports for P1 beam management.
Proposal 4: Support spatial QCL between DL RS antenna ports used for P1 beam management and CSI-RS antenna ports used for P2 beam management.
Proposal 5: Support common beam indication between DL RS antenna ports used for P1 beam management and multiple CSI-RS antenna ports for P2 beam management.
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(a) RS for P1 beam management		(b) RS for P2 beam management
Figure 1 Illustration of RS design for beam management
The overhead of beam indication would be very large especially when the RS antenna port number for beam management is large as TRP need to indicate UE which RS antenna port  from a large number of beam management RS antenna port candidates. In that sense, a key point for reducing the overhead of beam indication is to reduce the candidate RS antenna ports number for spatial QCL assumption. For example, as it has been agreed that for beam reporting, a UE measures based on RS for beam management (at least CSI-RS) is composed of K (= total number of configured beams) beams, and reports measurement results of N selected beams [2], where N is smaller than K. The overhead of beam indication can be reduced if the spatial QCL assumption candidate set is N selected beams other than K configured beams. Similarly, the spatial QCL assumption candidate sets can be reduced by referring to a subset of previously configured or reported CSI-RS resources. To achieve that, it may be considered to use RRC or MAC CE, transmitted less frequently to indicate the subset of QCL assumption candidate. Within such signaling, it shall be further clarified whether it is referring to previously configured CSI-RS resource for measurement, or to previously reported beam sets.
Proposal 6: Study low-overhead indication for spatial QCL assumption refers to a subset of previous CSI-RS resources, previous measurement reports, etc.
4. Summary
In this contribution, we discuss the details of beam indication. Based on the discussion, we have the following proposals.
Proposal 1: No UE-specific beam management is needed for receiving common PDCCH.
Proposal 2: For beam indication for UE-specific PDCCH, use spatial QCL between UE-specific CSI-RS for beam management and DMRS for PDCCH demodulation.
Proposal 3: Support explicit/implicit indication of the transmission order of multiple BPL, e.g., use the same order with previous beam reporting order for implicic indication.
Proposal 4: Support spatial QCL between DL RS antenna ports used for P1 beam management and CSI-RS antenna ports used for P2 beam management.
Proposal 5: Support common beam indication between DL RS antenna ports used for P1 beam management and multiple CSI-RS antenna ports for P2 beam management.
Proposal 6: Study low-overhead indication for spatial QCL assumption refers to a subset of previous CSI-RS resources, previous measurement reports, etc.
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