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1 Introduction

In the last two meetings, the following agreements were achieved [1][2]:
RAN1#88b
· 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.)
RAN1#89
· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 

· The other QCL parameters not precluded 

· FFS: indication either explicit or implicit or configurable or a default

· Note: default assumption may be no QCL

· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signaling
· Note that MAC-CE is not always needed
· FFS: necessity of DCI signaling
· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters
In this paper, further details of beam indication for DL control channel are discussed. 
2 Common DL control channel
A common DL control channel discussed in this section can be a DL control channel targeted at all UEs or a group of UEs carrying common signaling, e.g., RACH response, system information update, paging. The CRCs of such control channels are likely scrambled by specific RNTIs, e.g., RA-RNTI, SI-RNTI, P-RNTI. 

From gNB perspective, both common PDCCH and SS/PBCH are broadcasted and can be sent with the same swept beams. From UE perspective, as shown in Figure 1, during RACH procedure, UE can use the beam for receiving SS/PBCH to monitor common PDCCH indicating RACH response (msg. 2). To enable such operations, association between gNB Tx beams for common PDCCH and SS/PBCH should be supported.
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Figure 1 Association between gNB Tx beams for common PDCCH and SS/PBCH 
To be specific, after determining the best SS/PBCH beam by monitoring SS blocks, a UE can transmit RACH preamble according to the association between SS blocks and RACH occasions, with which the preferred gNB Tx beam is implicitly indicated. By monitoring RACH preamble, gNB can determine the SS/PBCH Tx beam preferred by this UE and then apply this Tx beam to common PDCCH indicating RACH response. With such implicit association, UE can continue to monitor common PDCCH on the Rx beam used for SS/PBCH reception. 
Proposal 1: Support implicit association between gNB Tx beams for common PDCCH and SS/PBCH.
3 UE-specific DL control channel
3.1 Beam indication with single beam
When only one beam pair link is established between gNB and UE, a default beam can be considered, with which no explicit beam indication is needed or a default value [00] can be assigned to represent the default beam pair.
To start, implicit association between default Rx beams for UE-specific PDCCH and SS/PBCH reception can be considered. Taking Figure 1 as an example, from UE perspective, if no additional beam management procedure involved, during RACH procedure, UE can use the beam for receiving SS/PBCH to monitor the UE-specific PDCCH associated with or indicating msg. 4.

After that, as shown in Figure 2, with CSI-RS transmission scheduled for beam management, P2 and P3 procedure can be applied to refine the default beam pair without beam indication. During P2, UE fixes its Rx beam as the default beam and feedback CRI/port to gNB for updating the Tx beam. During P3, it is up to UE implementation to sweep its Rx beams to find a better Rx beam. Then, CSI acquisition, downlink control and data transmission can be carried out with the refined beam pair.
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Figure 2 Default beam pair for downlink control channel without beam indication
3.2 Beam indication with multiple beams
If multiple beam pair links are maintained between gNB and UE, as shown in Figure 3, beam indication is needed for assisting UE-side beamforming. While beam indication for data channel is discussed in [3], similar framework can be applied to control channel. 
A low-overhead beam indicator can be used to indicate the spatial QCL assumption between PDCCH DMRS and CSI-RS or SS block. The mapping between indicators, CSI-RS and UE Rx beams can be established as in Table 1, where gNB or UE knows at least the mapping information related to its own beams. For example, as shown in Figure 3, gNB may use one of the beams trained during beam management, and indicate to UE that PDCCH DMRS is spatially QCLed with certain CSI-RS. This can be done by signaling the indicator in MAC-CE. When UE receives this indication, it would check the table and find the associated Rx beam(s)/beam set.
Table 1 Mapping between indicator, CSI-RS and UE Rx beam
	Indicator
	Info. on gNB Tx beams
	Info. on UE Rx beam(s)/beam sets

	[00]
	CRI and/or port ID
	Rx beam(s)/beam sets

	…
	…
	…

	[10]
	CRI and/or port ID
	Rx beam(s)/beam sets

	…
	…
	…
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Figure 3 Beam indication for downlink control channel with mutliple beam pairs
To achieve robust PDCCH transmission, a UE can be configured to monitor [image: image5.png]
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 beam pair links simultaneously or on different PDCCH symbols. To this end, the UE can be configured with multiple search spaces, and each search space is associated with a beam pair consisting of a gNB Tx beam and/or a UE Rx beam, i.e., DMRS of each search space is spatially QCLed with CSI-RS transmitted over a previous used beam pair. One example is given in Figure 4, where DMRS of three UE-specific search spaces are configured by higher layer signaling like RRC/MAC-CE to be QCLed with CSI-RS resources/port 1/2/3, respectively, and the utilized search space(s) are signaled to UE by using the indicators in Table 1. As beam indication for PDCCH is expected to be with a longer valid period compared to that for PDSCH which is carried in DCI, MAC-CE signaling is preferred for beam indication for PDCCH, which can provide a better balance between latency and overhead. 
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Figure 4 Association of search space and beam pair for multi-beam PDCCH transmission
Proposal 2: Support QCL association between DMRS ports of UE specific search space and CSI-RS resources/ports, and configuration/indication of such QCL association by RRC/MAC-CE signalling.

4 Summary of proposals
Proposal 1: Support implicit association between gNB Tx beams for common PDCCH and SS/PBCH.
Proposal 2: Support QCL association between DMRS ports of UE specific search space and CSI-RS resources/ports, and configuration/indication of such QCL association by RRC/MAC-CE signalling.
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