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1 Introduction
To improve the robustness of PDCCH transmission against beam pair blockage, the following agreements were achieved in RAN1#AH1701 and RAN1#89: 
· 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

· Adopt the following for NR reception:

· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs

· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 

· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner

Note: CSI feedback details for the above case can be discussed separately
In this contribution, we provide more details on multi-beam transmission of PDCCH. 
2 Multi-beam transmission for single DCI
2.1 Multi-beam transmission and monitoring 

For diversity-based robustness, same DCI but multiple copies can be transmitted over multiple beam pair links. To enable UE to select proper Rx beam for each beam pair link, it is natural to signal multiple low-overhead beam indicators or a bitmap of the maintained beam pair links, possibly in MAC-CE. In addition, requiring UE to monitoring multiple beam pair links in every slot will lead to linearly increased complexity and power consumption. One way to solve this problem is to allow gNB to configure different duty cycles for different beam pair links, where not all of them are monitored in every slot. Furthermore, if different beam pair links are used to transmit the same DCI in different PDCCH OFDM symbols, an offset can be configured per beam pair link to let UE know on which symbol to monitor PDCCH, reducing the total number of blind detections. Such a configuration scheme for multi-beam transmission of PDCCH is illustrated in Figure 1. 
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Figure 1 Configuration details for multi-beam transmission of PDCCH 
Proposal 1: Support signaling multiple low-overhead indicators and/or a bitmap of maintained beam pair links in MAC-CE to enable multi-beam transmission of PDCCH.

Proposal 2: Support configuring different duty cycles and different offsets (indicating the associated PDCCH symbol) for different beam pair links for multi-beam transmission of PDCCH.

The beam pair links used for multi-beam transmission of PDCCH can also be associated with different search spaces. One example is, as shown in Figure 2, when the copy of DCI transmitted in the basic search space with beam 0 is blocked, the other copy transmitted in the extended search space with beam 1 may be correctly received. For this approach, gNB should configure at least two search spaces for a UE. The set of available aggregation levels for each search space can be configured based on the channel condition of the associated beam pair link. In addition, the configuration of aggregation level for each search space can also be used to reduce the detection complexity at UE side. For example, when more search spaces are configured, the supported maximum aggregation level for each search space should be smaller. 

Even for the same DCI, the copies transmitted on different beam pair links may be encoded into different redundant versions. This may further enable soft-combining at UE side. To this end, UE should be further informed which candidates may convey the same control information and whether they are encoded into different redundant versions.

Proposal 3: Support transmissions/detections of same DCI on multiple search spaces known by UE, for enabling multi-beam transmission of PDCCH.
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Figure 2 Multi-beam transmission of PDCCH on multiple search spaces 
2.2 Multi-beam measurement 

For NR-PDCCH on M beam pair links, the initial choice of the multiple beams can be based on periodic CSI-RS in P-1 or aperiodic CSI-RS in P-2. But after the beams are selected, fast beam refinement or new potential beam identification during the control channel transmissions should also be considered.

Except for CSI-RS, DMRS of control channel based mechanism can be considered. Since the DMRS resources need to be transmitted along with control channel anyway, the UE can be indicated to measure the multiple DMRS resources associated with these beams. According to the measurement on these DMRSs, UE can recommend the best M beams to gNB, so that gNB refine the beams in subsequent subframes to achieve a better beam diversity gain. 

Furthermore, in addition to measuring the DMRS associated with its own beams, UE can also be indicated to measure DMRS associated with other UEs’ beams. The related information of DMRS resources to be measured can be indicated to UE by DCI. 

Therefore, we have the following proposal:
Proposal 4: Beam management based on DMRS of control channel should be supported in NR.

3 Multi-beam transmission for multiple DCIs
The use case of high frequency features dense deployment,which makes NC-JT play an important role for improving system throughput in this use case. However, both blockage and deep fading in the high frequency use case prevents reliable reception of control information and therefore further prevents the reliability of NC-JT. In the meantime, multi-DCI support for NCJT has been agreed in NR, which implies that multiple DCIs naturally have to use multiple beams for reliable control information transmission in high frequency NCJT. 
Based on the aforementioned analysis, transmitting multiple DCIs with multiple beams should be supported in the use case of high frequency. 
Proposal 5: NR should support multiple DCIs transmitted by multiple beams for the use case of high frequency.
4 Conclusion
The proposals in this contribution are summarized as follows.
Proposal 1: Support signaling multiple low-overhead indicators and/or a bitmap of maintained beam pair links in MAC-CE to enable multi-beam transmission of PDCCH.

Proposal 2: Support configuring different duty cycles and different offsets (indicating the associated PDCCH symbol) for different beam pair links for multi-beam transmission of PDCCH.

Proposal 3: Support transmissions/detections of same DCI on multiple search spaces known by UE, for enabling multi-beam transmission of PDCCH.

Proposal 4: Beam management based on DMRS of control channel should be supported in NR.

Proposal 5: NR should support multiple DCIs transmitted by multiple beams for the use case of high frequency.

