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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
In this contribution, beam management and relation to UE’s downlink control information (DCI) monitoring is discussed. RAN1#86bis made the following agreement related to control and data channel reception [3]:
	Agreements:
· Support using same or different beams on control channel and the corresponding data channel transmissions
· FFS the antenna ports for control channel and the corresponding data channel (e.g., sharing some ports or not)
· Study detailed aspects related to beams/beam pairs indication/reporting involving usage of control and data channels and involving one or more TRPs



Furthermore, RAN1#87 made the following agreements [4]: 
	Agreements:
· NR supports with and without a downlink indication to derive QCL assumption for assisting UE-side beamforming for downlink control channel reception
· FFS: details
· E.g., QCL assumption details
· E.g., indication signaling (e.g. DCI, MAC CE, RRC, etc.)
· E.g., beam-related indication for DL control and data channels



2	Discussion
2.1	General
PDCCH demodulation is assumed to be based on DMRS, supporting both open loop (e.g. SFBC) when there is no CSI available at gNB and closed loop (e.g. rank-1 spatial multiplexing) when CSI is available at gNB. When UE operates using limited number of simultaneous RF beams, which are more narrow than omni-directional RF patterns, the UE should be able set its receive beams appropriately for PDCCH blind detection and reception as discussed in [5].
In order to set RX beam appropriately for PDCCH reception the UE should have some reference signal antenna ports it can use to align RX beams that are sharing the similar beam/channel characteristics as DMRS of PDCCH. Such a reference signal should be periodical so that UE can adjust its beam over time to overcome impact from mobility and rotation. In addition, to support high number of active UEs in the cell, cell specific periodical reference signal (like CSI-RS for P1) should be considered for such functionality to avoid significant system overhead from separately scheduled transmissions of beam specific CSI-RS per UE from certain set of gNB beams.
Observation 1: Periodical cell specific reference signals (CSI-RS for P1) reflecting beam/channel characteristics of the gNB DL beams used for PDCCH transmissions are needed for RX beam alignment for PDCCH reception.
As known in multi-beam configuration, typically the total number of DL beams is way much higher than the number of simultaneously formed DL beams. In other words, time domain beam sweeping is performed using cell specific CSI-RS to advertise the DL beams of the cell. The CSI-RS antenna ports (and sequences) can be reused from one time unit to another. To identify the DL beam from the set of all DL beams we need a new definition. As an example we consider here a logical beam index which is constructed from CSI-RS antenna port index and time unit index. Indexing may be a function of number of CSI-RS ports (per time unit) and total number of time units as exemplified in Figure 1. P is the number of CSI-RS ports, p is the CSI-RS port index {0,…, P-1} and i the time unit index with example range of i = {0,1,2,3}.
[image: ]
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Observation 2: Association between cell specific reference signal (CSI-RS for P1) antenna port(s) reflecting characteristics of the gNB DL beams and DMRS antenna ports for PDCCH is needed.
Proposal 1: Define a logical beam index that uniquely identifies the downlink beam. The logical beam index is derived from cell specific CSI-RS port and time unit index.
Then, it needs to be considered how association is provided both in initial access and connected mode as well as how association is provided for reception of USS and CSS based PDCCH transmissions.
2.2	PDCCH reception in Initial Access
In initial access, the principle is to have UE side beamforming transparent to the system. In there, the UE may signal the preferred downlink beam via PRACH preamble resource selection and UE would use the same RX beam for reception of PDCCH in CSS for RAR message as was used to determine the preferred logical beam index from cell-specific periodical RS transmissions reflecting characteristics of downlink beams of the cell. For reception of PDCCH in USS for Msg4, the UE is expected to use the same RX beam as well. In other words, the gNB would transmit PDCCH for Msg2 and Msg4 using downlink beam indicated by the PRACH preamble and thus UE can implicitly assume association between logical beam inxed used to select PRACH preamble and DMRS port(s) for PDCCH. Thus, as a prerequisite the UE should be able to read configuration of cell-specific CSI-RS (can be the same as CSI-RS for P1) from system information to be able to derive logical beam indices for the cell.
Observation 3: In initial access, the UE may assume implicitly association between selected cell-specific CSI-RS (beam specific reference signal) signalled via PRACH preamble resource selection and DMRS port(s) for PDCCH reception both for Msg2 (CSS) and Msg4 (USS).
2.3	PDCCH reception in Connected Mode
In connected mode, the beam management is based on P1, P2 and P3 procedures. Related to PDCCH reception, P1 and P2 are considered to be relevant because of providing functionality to determine the downlink beam(s) for the PDCCH and PDSCH transmission to the UE. P1 procedure is assumed to operate upon full set of downlink beams candidate for downlink transmissions whereas P2 procedure is assumed to operate upon a subset of downlink beams. 
In connected mode, the UE will continuously detect and measure downlink beams (i.e. logical beam indices) based on cell specific and periodical reference signal transmissions for P1 purposes. The UE provides beam based RSRP measurements to the gNB which determines and signals to the UE the set of candidate beams for both PDCCH and PDSCH transmissions. In the signalling of the candidate beam set to the UE, the UE is given the beam ID(s) which correspond to the candidate beam(s). Candidate beam(s) is/are the ones that can be used for PDCCH transmission. As the beam ID is constructed from P1 associated reference signal the UE can associate P1 reference signal of the candidate beam to the PDCCH DMRS port(s). 
Association can be defined under a QCL framework, i.e. the gNB and UE should be able to agree which logical beam indices share the same characteristics as potential PDCCH transmission to the UE. QCL characteristics in this domain may include AoD and AoA parameters in addition to delay spread, Doppler spread and Doppler shift, and average delay. Adding AoD and AoA parameters would allow gNB more flexibility to utilization of the beams for instance by grouping TX beams and transmitting PDCCH to a number of UEs using one beam resource which shares the characteristics of candidate beam of each of those UE.
Observation 4: QCL parameters should include spatial domain parameters like AoD and AoA to enable flexibility at gNB in using beam resources e.g. for PDCCH transmission.
In general, the exemplary association or QCL configuration procedure is as follows, illustrated also in Figure 1:
1) gNB transmits cell specific periodical beam reference signals (P1 CSI-RS)
2) UE detects and measures (e.g RSRP) gNB DL beams over time
3) UE provides beam measurements to gNB, such as RSRP associated with beam index and potential grouping.
4) gNB signals to the UE the (logical) CSI-RS port(s) that are associated to DMRS ports of PDCCH at certain slot, hence the QCL rules.
a. The max number of (logical) CSI-RS ports is FFS
5) When performing PDCCH detection at certain slot, UE sets its RX beam aligned to beam reference signal port that is associated (QCLed) with DMRS ports of PDCCH
6) 1)-5) is continuous process



Figure 2 Procedure for associating BRS ports and DMRS ports for PDCCH.
Proposal 2: Support associating between gNB beam IDs identified via cell specific and beam specific reference signals (CSI-RS for P1) and DMRS antenna ports for PDCCH reception. 
3	Conclusions 
In this contribution association between gNB DL beam reference signal antenna port(s) and DMRS antenna ports for PDCCH is discussed. Based on discussion the following observations and proposals are made:
Observation 1: Periodical cell specific reference signal reflecting characteristics of the gNB DL beams needed for RX beam alignment for PDCCH transmission.
Proposal 1: Define a logical beam index that uniquely identifies the downlink beam. The logical beam index is derived from cell specific CSI-RS port and time unit index.
Observation 2: Association between cell specific reference signal antenna port(s) reflecting characteristics of the gNB DL beams and DMRS antenna ports for PDCCH is needed.
Observation 3: In initial access, the UE may assume implicitly association between selected cell-specific beam reference signal signalled via PRACH preamble resource selection and DMRS port(s) for PDCCH reception both for Msg2 (CSS) and Msg4 (USS).
Observation 4: QCL parameters should include spatial domain parameters like AoD and AoA to enable flexibility at gNB in using beam resources e.g. for PDCCH transmission.
Proposal 2: Support associating between gNB beam IDs identified via cell specific beam reference signals (CSI-RS for P1) and DMRS antenna ports for PDCCH reception.
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