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1 Introduction
In the previous January Ad-Hoc meeting, RAN1 already agreed to support ‘group common PDCCH’ for NR, as follows:
	Agreements:
· NR supports a ‘group common PDCCH’ carrying information of e.g. the slot structure. 

· If the UE does not receive the ‘group common PDCCH’ the UE should be able to receive at least PDCCH in a slot, at least if the gNB did not transmit the ‘group common PDCCH’.

· The network will inform through RRC signalling the UE whether to decode the ‘group common PDCCH’ or not

· Common does not necessarily imply common per cell.

· Continue the discussion on the detailed content of the ‘group common PDCCH’ including usage for TDD and FDD
· The term ‘group common PDCCH’ refers to a channel (either a PDCCH or a separately designed channel) that carries information intended for the group of UEs.



In this contribution, we present our views on the beam management framework for DL control channel.
2 Beam management framework for DL control channel

In general, 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. 

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, it would be beneficial to employ beams with different characteristics 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. Therefore, 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, to support UE during the initial access procedure as well as during idle mode. 

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 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 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 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. In order to reduce miss-detection and failure probabilities of control signals, it should be considered to support transmission of such control signals on a relatively more stable or robust beams.  
Observation 2: The beam management procedure for UE-specific PDCCH requires active management by the network based on UE feedback. 

Observation 3: Managing fine beams induces additional signalling overhead with fast and frequent beam switching. 

Observation 4: In order to reduce miss-detection and failure probabilities of control signals, it is recommended to transmit such control signals on a relatively more stable or robust beam.
Proposal 2: The RS used for beam management of the UE-specific PDCCH is at least based on a cell-specific RS, which is also used for the UE-common PDCCH. The need to support UE-specific RS is FFS.
3 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, to support UE during the initial access procedure as well as during idle mode.
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: Managing fine beams induces additional signalling overhead with fast and frequent beam switching. 
Observation 4: In order to reduce miss-detection and failure probabilities of control signals, it is recommended to transmit such control signals on a relatively more stable or robust beam.
Proposal 2: The RS used for beam management of the UE-specific PDCCH is at least based on a cell-specific RS, which is also used for the UE-common PDCCH. The need to support UE-specific RS is FFS.
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