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Introduction
In RAN 1 meeting #106-e, the following agreements for supporting NR from 52.6 GHz to 71 GHz were made [1]:Agreement:
For the single TRP case, For multi-PDSCHs scheduled by a single DCI with a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· Case 1: PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL 
· Case 1-1: tci-PresentInDCI enabled 
· Single QCL assumption based on the indicated codepoint of the single DCI field ‘Transmission Configuration Indication’ is applied for all scheduled PDSCHs
· Case 1-2: tci-PresentInDCI not present 
· Single QCL assumption of the single scheduling DCI scheduled multi-PDSCHs is applied for all scheduled PDSCHs
· Case 2: PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
· Down select one of the following alternatives 
· Alt 1: Single QCL assumption is applied for all scheduled PDSCHs 
· FFS: Details of single QCL assumption
· Alt 2: multiple QCL assumptions are applied 
· FFS: Details of multiple QCL assumptions
· FFS: When some of PDSCHs are collided with semi-static UL symbols and then skipped
FFS: The multi-TRP case


In this contribution, we discuss beam management for supporting NR on frequencies from 52.6 GHz to 71 GHz.

Beam management for NR from 52.6 GHz to 71 GHz 
Frequency bands above 52.6 GHz have several advantages such as limited interference, wider bandwidth, high-gain beamforming, multi-beam systems, etc. Therefore, use cases like eMBB with high data rate, short range D2D communications with high data rate, wireless display transfer for AR/VR, etc. can be enabled.
Due to the reliance on highly directional links for NR operation from 52.6 GHz to 71 GHz, the efficient beam management is a key to establishing and maintaining a reliable link. To establish a beam pairing between the transmitter and receiver, the transmitter and receiver both discover each other in the spatial domain before the data communication through the directional link(s). All possible combinations of the beam pairs of transmitter-receiver can be termed as the beamspace. For NR from 52.6 GHz to 71 GHz, the increased number of antennas can make the beams narrower which increases the beamforming gain but also makes the size of the beamspace larger. 
When the larger SCSs/numerologies are introduced for NR from 52.6 GHz to 71 GHz, the slot duration in a subframe will be decreased accordingly. Since the slot size decreases linearly with the increased SCS, the number of CSI processing units per slot are expected to be decreased for higher SCSs/numerologies (e.g., SCS = 960 KHz, etc.) scenarios. Due to the short symbol duration for larger SCS/numerology (e.g., SCS = 960 KHz), the beam switching time, CSI reporting time and time duration for QCL should be studied for beam management. 
In the following sections, we discuss the beam management for NR operation from 52.6 GHz to 71 GHz. 
1.1 TCI state indication for NR from 52.6 GHz to 71 GHz 
DCI-based indication of TCI states for PDCCH has been agreed in Rel-17 FeMIMO WI. In practice, TCI state indication for PDCCH by DCI can have faster beam switching than using MAC-CE. In addition, common beam operation for PDCCH and PDSCH, and even UL channels, using the same beam (TCI state) across multiple CCs has been agreed in Rel-17 FeMIMO WI as well. For NR from 52.6 GHz to 71 GHz, support of fast beam switching, and unified TCI framework are desired for NR from 52.6 GHz to 71 GHz. This is because narrower beam is expected for supporting NR from 52.6 GHz to 71 GHz. For instance, the support of TCI indication by DCI for PDCCH and unified TCI state (common beam) operation can be considered and studied for NR from 52.6 GHz to 71 GHz.
Proposal 1:  Rel-17 FeMIMO unified TCI framework like TCI state indication for PDCCH can be considered for NR from 52.6 GHz to 71 GHz.
One of the proposals for NR from 52.6 GHz to 71 GHz is a single DCI scheduling multiple PDSCHs. There are several advantages to reduce the number of PDCCH candidates or blind decoding (BD) efforts for NR from 52.6 GHz and above. The first reason is to reduce PDCCH blocking probability and enhance the scheduling flexibility. The second reason is to reduce the decoding complexity and potentially save UE power consumption. Therefore, TCI state indication methods can be studied for a single DCI scheduling multiple PDSCH(s) with or without M-TRP transmission. In NR Rel-15/16, timeDurationForQCL capability defines the minimum number of OFDM symbols (e.g., for SCS = 120 KHz, number of symbols could be 14 or 28 symbols [2]) required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing. For NR from 52.6 GHz to 71 GHz, the symbol duration is getting shorter and timeDurationForQCL capability in terms of symbols can be prolonged to considering enough DCI decoding time and beam switching time. 
If the time between single PDCCH and scheduled multi-PDSCH with single TRP transmission is shorter than timeDurationForQCL, then some of the scheduled PDSCHs may have scheduling offset less than timeDurationForQCL as shown in Figure 1. Default TCI state determination since Rel-15 is that the UE can determine the latest monitored slot and use the QCL assumption associated with the CORESET with lowest ID in that slot for the PDSCH reception QCL assumption. In this approach, multiple QCL assumptions may need to be made which means that Alt-2 is preferred. In addition, how to avoid the inter slot beam switching can be further studied when Alt-2 is adopted. 
Proposal 2:  Alt-2 (i.e. multiple QCL assumptions are applied) is preferred when the scheduling offset is shorter than timeDurationForQCL for single DCI scheduling multi-PDSCH with single TRP.

 
[bookmark: _Ref68518983]Figure 1: Some scheduled PDSCHs are shorter than timeDurationForQCL when a single DCI scheduling multiple PDSCHs with single TRP transmission. 

1.2 Enhancement of Beam Operation for NR from 52.6 GHz to 71 GHz    
[bookmark: _Hlk61845077]Hidden node could cause interference to receiver when transmitter is not aware of hidden node. When transmitter succeeds LBT, it will make the transmission to receiver. However, receiver may not be able to receive the data correctly due to hidden node’s interference. The hidden node issue needs to be addressed in a beam-centric system in the frequency range from 52.6 GHz and above. 
It is required to identify false successful LBT at the transmitter. In other words, it is required to identify successful LBT at the transmitter that would have been failed LBT at the receiver. Data transmission by the transmitter in the presence of hidden node at the receiver not visible to the transmitter may be prevented and the related waste of radio resources can be avoided. 
Addressing this issue is important because it helps ensure the ability to meet more stringent QoS requirements and a better utilization of the system resources. Enhancement of beam operation may be needed to handle and mitigate interference due to hidden node. 
Which beam management will be used as a basis should be studied. Enhancements for multi-PDSCH/PUSCH scheduling and HARQ with a single DCI could be supported. It is possible that in a beam-based system, one beam may fail LBT due to hidden node while another beam may not. If only one beam is indicated, then LBT may need to be performed again and transmission could not happen right away. If two beams (or more beams) are indicated, and one beam fails LBT and the other beam does not, then transmission could happen. This could increase transmission and channel access opportunities. 
Enhancement of beam operation should be investigated to mitigate interference and optimize system performance due to hidden node. For example, enhancement for single DCI scheduling multiple PDSCHs could be studied for enhancement of beam operation and beam management for supporting NR from 52.6 GHz to 71 GHz.
Proposal 3: Enhancement of beam operation for unlicensed bands should be investigated to mitigate interference and optimize system performance due to hidden node for NR from 52.6 GHz to 71 GHz.

Conclusions
In this contribution, we discussed the fundamental aspects of beam management for supporting NR from 52.6 to 71 GHz. The following proposals were made:
Proposal 1:  Rel-17 FeMIMO unified TCI framework like TCI state indication for PDCCH can be considered for NR from 52.6 GHz to 71 GHz.
Proposal 2:  Alt-2 (i.e. multiple QCL assumptions are applied) is preferred when the scheduling offset shorter than timeDurationForQCL for single DCI scheduling multi-PDSCH with single TRP.
Proposal 3: Enhancement of beam operation for unlicensed bands should be investigated to mitigate interference and optimize system performance due to hidden node for NR from 52.6 GHz to 71 GHz.
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