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1	Introduction
In this contribution we discuss about NR-PDCCH monitoring in multi-beam configuration. During the SI phase, for providing robustness against beam pair link blocking the following agreements were made [3,4]:
	Agreements: (RAN1#87 Reno)
· NR to provide robustness against beam pair link blocking
· Study mechanisms to achieve the above purpose
· E.g., by enabling PDCCH/PDSCH monitoring with N beams
· E.g., N=1, 2, …
· E.g., TDM monitoring, simultaneous monitoring, etc.
· E.g., by enabling composite beams via e.g., SFBC and/or multi-stage control channel
· The examples are not intended to be exhaustive

Agreements: (RAN1#AH Spokane)
· 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

Agreements: (RAN1#88 Athens)
· …
· Candidate signalling methods for beam indication for a NR-PDCCH (i.e. configuration method to monitor NR-PDCCH)
· MAC CE signalling
· RRC signalling
· DCI signalling
· Spec-transparent and/or implicit method
· Combination of the above



2	Discussion
2.1	Selecting the configured beam pairs links for NR-PDCCH reception
Related to the following agreements:
· “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”
It is considered that when the UE is configured to monitor NR-PDCCH on M beam pair links simultaneously, gNB may freely use any of the beam pairs for NR-PDCCH transmission. Thus, what should be captured in the specifications is that the UE shall assume that NR-PDCCH can be transmitted via any of the M beam pairs in case the gNB doesn’t use a composite beam transmission where NR-PDCCH is transmitted simultaneously in superposition manner from all M beam pair links. It is also understood that the beam width used for transmission is a gNB implementation issue. Such multi beam operation is possible with different beam widths for the two beams, for example utilizing a wider beam for the secondary NR-PDCCH transmission. 
Observation: In case of beam pair based NR-PDCCH transmission the UE may miss the NR-PDCCH if it chooses only some of configured M beam pair links for NR-PDCCH reception.
Observation: In case of composite transmission of NR-PDCCH from all M beam pairs the UE may choose at least one beam out of M for NR-PDCCH reception. 
Observation: The beam widths used for the transmitted NR-PDCCH can be different.
2.2	On time domain configuration for transmit beams for NR-PDCCH reception
Here we discuss about the following agreements:
· “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”.
We consider that one implementation of configuring UE to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH symbols would be kind of primary-secondary type approach where a primary beam is a beam used primarily for PDCCH transmission and secondary beam(s) act as backup beam(s) that gNB may configure more seldom mainly targeting at recovering the NR-PDCCH connection if quality of the primary beam has degraded, e.g. due to blockage. In general, we consider that configuration should allow setting different duty cycles for different beam pair links. 
Proposal: Configuration of UE to monitor NR-PDCCH on different beam pair link(s) should allow setting different duty cycles for different beam pair links.
Then what is time granularity of the configuration, e.g. whether to apply slot level or symbol level configuration. In case of multiple NR-PDCCH symbols configured in the slot it could be possible to apply symbol level configuration. 
Observation: In case of multiple NR-PDCCH symbols configured in the slot it could be possible to apply symbol level configuration.
On the other hand, the symbol level configuration may have some limitation to NR-PDSCH scheduling as shown in Figure 1. In the figure it’s assumed that UE is configured with two transmit beams for NR-PDCCH monitoring with symbol level granularity, i.e. the UE may monitor NR-PDCCH from multiple transmit beams in a slot. Furthermore, it’s assumed that NR-PDCCH decoding latency is over two OFDM symbols. We observe that such symbol level granularity and assumed NR-PDCCH decoding latency the NR-PDSCH may need to be scheduled to take place in the next slot. 
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[bookmark: _Ref473705117]Figure 1 NR-PDSCH scheduling and symbol level beam-pair NR-PDCCH monitoring.
Observation: Both slot level and symbol level configuration granularity can be supported but there may be impact on NR-PDSCH scheduling latency.
Proposal: Support at least slot level monitoring.
2.3	On configuration of multiple beam pairs
Here we discuss about the following agreements:
· “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”
It’s expected that NR-PDCCH search space configuration what comes for instance to time and frequency domain resource allocation and whether localized or distributed REG to NR-CCE mapping is used. For the configuration of multiple beam pairs for NR-PDCCH monitoring the UE may be configured with multiple search space configurations via higher layers. For instance, if the UE is configured with two beam pair links for NR-PDCCH monitoring the UE could be configured USS1 and USS2 configurations. Then the mapping of transmit beams on USS1 and USS2 could be performed using MAC CE signaling. The reasoning is that in general we consider that beam switch and beam recovery procedures would be L1/L2 procedures. Switching transmit beams for monitored beam pair links for NR-PDCCH reception would thus be performed using MAC CE. That would provide also means for more efficient beam switch and beam recovery procedures in case one or multiple configured beam pair links get blocked.
Proposal: Higher layers configure time and frequency resources for one or multiple USSs.
Proposal: MAC CE is used to map transmit beams to configured USSs.
The initial monitoring set of NR-PDCCH beams is based on initial access procedure during which there is typically one NR-PDCCH beam the UE has indicated via PRACH preamble resource selection. UE’s beam(s) and beamforming capabilities are not known by the gNB during 4-step RACH procedure but after RRC connection has been established. 
2.4	On efficient beam switching for monitoring multiple NR-PDCCH transmit beams
As pointed in the following agreements from RAN#AH1_NR the UE should be able to trigger a recovery procedure in case of beam failure. 
“Agreements:
· NR supports that UE can trigger mechanism to recover from beam failure
· ….”

One of the challenges is the ability to determine that blockage has happened and then to trigger beam recovery/beam switching actions. UE initiated beam recovery/beam switch approaches are likely preferred as it would take more time for gNB to identify the beam failure situation (at least from HARQ-ACK) since gNB cannot typically differentiate DTX from NACK. Furthermore, it’s clear the faster the UE can determine the beam failure the less interruption time will be caused to the connection.
In case the UE is configured with multiple transmit beams for NR-PDCCH monitoring it may happen that some of those transmit beams (or beam pair links) become blocked. For such cases it would be important for the UE to determine the blockage situation as fast as possible and be able to indicate the gNB which can then potentially reconfigure the set of monitored transmit beams. For determining possible beam blockage one possible solution is to include in DCI some information about past NR-PDCCH transmissions from which UE may determine whether it has missed NR-PDCCH from certain transmit beams. 
As an example, it is assumed that UE is configured NR-PDCCH transmission from three gNB transmit beams #d, #h and #p. These beams may be transmitted from three different TRPs. The UE may have capability to form one RX beam at a time and thus the UE is configured time domain pattern from which transmit beam the NR-PDCCH may be transmitted at certain slot. In other words, the UE have been configured 3 USSs (USS1, USS2, USS3). This basic configuration is presented in Figure 2.
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[bookmark: _Ref473710599]Figure 2 Configuration of transmit beams for NR-PDCCH transmission when UE can form one RX beam at a time. 
gNB could then indicate the UE, in transmitted DCI, past scheduling of NR-PDCCH transmissions to the UE, allowing the possibility that the UE would determine whether it has missed NR-PDCCHs from certain transmit beams. In the example it is considered that the window length for the past scheduled NR-PDCCH is 8 and the rule is that if UE has missed at least two NR-PDCCH during the window the UE declares the beam pair be broken between gNB and UE. 
In Figure 3 we illustrate the situation where the beam pair of transmit beam #d and UE beam has experienced blockage and the gNB transmits NR-PDCCH via transmit beam #p to the UE including the past scheduling info of NR-PDCCH. The UE determines the blockage on link between beam #d and UE and may then initiate beam switch (NR-PDCCH transmit beam reconfiguration) and/or beam status info reporting to the gNB to indicate the current situation. Correspondingly, the gNB may then re-configure the transmit beam set used for NR-PDCCH transmissions. In this example a 8-bit codeword would be needed in DCI to signal the information in the example. Alternatively, there could be a transmit beam specific counter included in DCI. That approach may provide lower overhead assuming low number of configured transmit beams (e.g. 2-3). 
Proposal: Support signaling in NR-PDCCH to indicate UE with past NR-PDCCH transmissions for enabling UE to determine possible beam pair blockage. 
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[bookmark: _Ref473710720]Figure 3 Signalling of past NR-PDCCH scheduling info to UE based on which the UE may determine the link blockage between certain transmit beam and UE beam.

3	Conclusions 
In this contribution we discussed about multi-beam NR-PDCCH transmission and made the following observations and proposals:
On selecting of configured beam pairs links for NR-PDCCH reception
Observation: In case of beam pair based NR-PDCCH transmission the UE may miss the NR-PDCCH if it chooses only some of configured M beam pair links for NR-PDCCH reception.
Observation: In case of composite transmission of NR-PDCCH from all M beam pairs the UE may choose at least one beam out of M for NR-PDCCH reception. 
Observation: The beam widths used for the transmitted NR-PDCCH can be different.
On time domain configuration for transmit beams for NR-PDCCH reception
Proposal: Configuration of UE to monitor NR-PDCCH on different beam pair link(s) should allow setting different duty cycles for different beam pair links.
Observation: In case of multiple NR-PDCCH symbols configured in the slot it could be possible to apply symbol level configuration.
Observation: Both slot level and symbol level configuration granularity can be supported but there may be impact on NR-PDSCH scheduling latency.
Proposal: Support at least slot level monitoring.
On configuration of multiple beam pairs
Proposal: Higher layers configure time and frequency resources for one or multiple USSs.
Proposal: MAC CE is used to map transmit beams to configured USSs.
On efficient beam switching for monitoring multiple NR-PDCCH transmit beams
Proposal: Support signaling in NR-PDCCH to indicate UE with past NR-PDCCH transmissions for enabling UE to determine possible beam pair blockage. 
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