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Introduction
RAN1 has agreed to support same or different beams on control channel and the corresponding data channel transmissions. To enable robust transmission of DL control channel, RAN1 has also agreed to support monitoring of multiple beam-pair links for NR PDCCH. In this contribution, we present our further views on the beam management framework for DL control channel.
Beam management framework for DL control channel
PDCCH and PDSCH generally have different requirements on their link performances. PDCCH requires high reliability and does not require high data rate. On the other hand, PDSCH can target high data rate and can utilize retransmission mechanism to increase reliability. Thus, configuration of different beams used for PDCCH and PDSCH should be supported (already agreed in RAN1#86bis). For example, the beams used for PDCCH can have wider beam width (compared to that for PDSCH) so that the beams are robust with respect to UE mobility and signal blockage. For PDSCH, narrower beams can be used to deliver high beamforming gain so that higher data rate can be supported. 
Different transmission schemes can also be applied to PDCCH and PDSCH. For example, PDCCH can use a single port or a transmission diversity scheme, whereas PDSCH can use multi-layer MIMO or multi-point transmissions, e.g., non-coherent joint transmission (JT). Different transmission schemes may require different set of TRP Tx beams.
In addition, PDCCH can be further categorized into UE-common (or UE-group common) PDCCH and UE-specific PDCCH. Since UE-common PDCCH targets multiple UEs, while UE-specific PDCCH targets only a single UE, it would be beneficial to employ different beams for UE-common PDCCH and UE-specific PDCCH, implying different beam management procedure for UE-common and UE-specific PDCCHs.     
When considering the beam management procedure for UE-common PDCCH, it should be taken into account that such downlink control channels need to be received by the UE during the initial access procedure, as well as during idle mode. As such, a beam management procedure that does not require active management by the network based on UE feedback is highly desirable. This would also avoid frequent idle-RRC connected state transition just for the purpose of beam management. The network may need to transmit UE-common PDCCHs on all its Tx beams in the same way as NR synchronization signals and NR PBCH. It also follows that the RS used for beam measurement by the UE (to determine the best Rx beam to receive the UE-common PDCCH) should be based on a cell-specific RS. 
Observation 1: The beam management procedure for UE-common PDCCH should not require active management by the network based on UE feedback. 
Proposal 1: The RS used for beam measurement by the UE for beam management of the UE-common PDCCH (to determine the best Rx beam) is based on a cell-specific RS.
For the UE-specific PDCCH, it would be beneficial, even necessary, for the UE to indicate to the network the best Tx beam to receive the PDCCH, as such UE feedback would allow the network to provide better link quality for the downlink control channel and also to support MU-MIMO transmissions of UE-specific PDCCHs. Nevertheless, it is worth noting that it should not be precluded to support to transmission of UE-specific PDCCHs on the same beam(s) as those used for UE-common PDCCHs. 
There are two options for the RS to be used for beam measurement and reporting by the UE: cell-specific RS, or UE-specific CSI-RS. With cell-specific RS, the network can obtain UE measurement report as soon as in Msg 3 of random access procedure during the initial access procedure and starts transmission of UE-specific downlink control channels on the preferred Tx beam by the UE from Msg 4 onwards. Beam management including beam switching can be subsequently performed based on regular UE measurement reports on a set of cell-specific RSs. 
On the other hand, beam management of UE-specific PDCCH based on UE-specific CSI-RS can enable more refined beams to be used which can either increase the spectral efficiency or the range of the downlink control channel. However unlike the PDSCH, the PDCCH typically has small payload; therefore the need for fine beams for PDCCH requires further considerations. Managing fine beams generally require fast and frequent application of beam switching procedure. The control signalling to support such beam procedure would need to be transmitted on a relatively more stable or robust beam such as those used for UE-common PDCCH. The additional signalling overhead may offset the benefit of fine beam for PDCCH. There would also be a need to consider the impact of error events such as when the UE miss-detects the beam indication control signalling for the UE-specific PDCCH since there is no UE ACK/NACK feedback to such control signalling. 
Observation 2: The beam management procedure for UE-specific PDCCH requires active management by the network based on UE feedback. 
Observation 3: The control signalling to support such beam procedure would need to be transmitted on a relatively more stable or robust beam.
Proposal 2: The RS used for beam measurement and reporting by the UE for beam management of the UE-specific PDCCH is at least based on a cell-specific RS. The need to support UE-specific RS is FFS.

Conclusions
This contribution discusses the beam management for PDCCH. In particular, our observations are summarized below:
Observation 1: The beam management procedure for UE-common PDCCH should not require active management by the network based on UE feedback. 
Proposal 1: The RS used for beam measurement by the UE for beam management of the UE-common PDCCH (to determine the best Rx beam) is based on a cell-specific RS.
Observation 2: The beam management procedure for UE-specific PDCCH requires active management by the network based on UE feedback. 
Observation 3: The control signalling to support such beam procedure would need to be transmitted on a relatively more stable or robust beam.
Proposal 2: The RS used for beam measurement and reporting by the UE for beam management of the UE-specific PDCCH is at least based on a cell-specific RS. The need to support UE-specific RS is FFS.
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Appendix
Summary of progress made in Beam Management
In NR, beam management is defined as follows:
· Beam management:  a set of L1/L2 procedures to acquire and maintain a set of TRP(s) and/or UE beams that can be used for DL and UL transmission/reception, which include at least following aspects:
· Beam determination: for TRP(s) or UE to select of its own Tx/Rx beam(s).
· Beam measurement: for TRP(s) or UE to measure characteristics of received beamformed signals
· Beam reporting: for UE to report information a property/quality of of beamformed signal(s) based on beam measurement
· Beam sweeping: operation of covering a spatial area, with beams transmitted and/or received during a time interval in a predetermined way.
The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:
· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams. For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams.
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· From a possibly smaller set of beams for beam refinement than in P-1. Note that P-2 can be a special case of P-1.
· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming
At least network triggered aperiodic beam reporting is supported under P-1, P-2, and P-3 related operations. 
For downlink, NR supports beam management with and without beam-related indication. When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for data reception can be indicated through QCL to UE. 
Based on RS (used for beam management) transmitted by TRP, UE reports information associated with N selected Tx beams.
NR supports mechanism(s) in the case of link failure and/or blockage for NR. 
NR supports using same or different beams on control channel and the corresponding data channel transmissions.

RAN1 NR#1 Agreements:
· NR-PDCCH transmission supports robustness against beam pair link blocking
· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where
· M≥1. Maximum value of M may depend at least on UE capability.
· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols
· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 
· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration
· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains
· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).
· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design
· FFS: Required parameters
· FFS: Need to support both higher layer signaling and MAC CE

· For reception of DL control channel, support indication of spatial QCL assumption between an DL RS antenna port(s), and DL RS antenna port(s) for demodulation of DL control channel 
· FFS: signaling method 
· Note: Indication may not be needed for some cases:

