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1. Introduction
Because of the increased pathloss at higher frequency bands, beamforming is an essential operation for transmission and reception of physical signals and channels to secure sufficient coverage for NR. Main problem of the beamformed systems is the vulnerability to UE mobility/rotation and beam blockage[1]. In the previous meetings, there were discussions and agreements regarding NW/UE initiated/assisted mechanisms for beam recovery or beam change. Several agreements made in the last RAN1 NR Adhoc meeting are captured as follows. In this contribution, we discuss technical approaches and solutions to alleviate the negative impacts of UE mobility/rotation and beam blockage.
Agreements:
· NR supports that UE can trigger mechanism to recover from beam failure 
· Network explicitly configures to UE with resources for UL transmission of signals for recovery purpose
· Support configurations of resources where the base station is listening from all or partial directions, e.g., random access region
· FFS: Triggering condition of recovery signal (FFS new or existing signals) associated UE behavior of monitoring RS/control channel/data channel
· Support transmission of DL signal for allowing the UE to monitor the beams for identifying new potential beams
· FFS: Transmission of a beam swept control channel is not precluded
· This mechanism(s) should consider tradeoff between performance and DL signaling overhead
Agreements:
· 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

2. Discussion on providing robustness for beamformed systems 
In the beamformed systems, UE mobility/rotation and beam blockage could impact on L1, L2, and L3 operations such as frequent HARQ retransmission in L1/L2 and link failure in L3. In RAN2 perspective, how to provide fast link recovery in NR can be an important topic in this regard. However, it will be better to provide physical layer mechanisms to prevent link failure situations (i.e. link quality below certain threshold for a long time) as much as possible. From RAN1 perspective, following approaches can be considered for providing robustness to data/control channels.
Approach1: Multi-beam simultaneous/sequential transmission (e.g. beam cycling)
Approach2: Mechanisms to support fast switching of beam(s)
Approach1 provides more robustness but sacrifices beam gain or spectral efficiency as a compromise. It could be understood as a similar concept to (semi-)OL MIMO transmission in FDD digital beamforming systems from transmission scheme perspective. Especially for control channels (e.g. NR-PDCCH, NR-PUCCH), this approach would give a benefit by considering the huge impact of misdetecting DCI or UCI on the system performance. 
In the last RAN1 meeting, multi-beam based NR-PDCCH transmission was agreed to be supported in NR. UE can monitor multiple beam pair links simultaneously or UE can monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols. For multi-beam based NR-PDCCH, UE might need to wait until configured NR-PDCCH resource corresponding to preferred beam appears. Complementary solutions such as FDMed NR-PDCCH beams and L1/L2 signalling based dynamic beam indication would therefore be required. Find further details on above solutions in our companion contribution [2].
In addition to NR-PDCCH, NR-PUCCH for periodic CSI reporting also needs to be protected from UE mobility/rotation and beam blockage. Considering that frequent periodic beam sweeping of DL/UL RS will cost a huge RS overhead, too short DL/UL beam management interval should be avoided. Periodic or semi-persistent CSI reporting can be configured between the beam management intervals for tracking UE link quality while maintaining the DL beam pair. In this case, UL beam information will be outdated as time goes on so that CSI feedback information may not be able to be transferred to network. Since the assumption here is that no DL/UL data traffic occurs during periodic CSI reporting, additional beam tracking procedure is desired to be avoided. Therefore, one simple solution in this case would be to use multiple UL beams for CSI reporting. For example, multiple UL beams can be swept across multiple NR-PUCCH symbols. Check further details in our companion contributions [2][3].
Proposal1: Support multi-beam based NR-PUCCH transmission in the use of periodic CSI reporting at least.
Approach2 provides means for immediate change of beam(s) or beam pair(s). Both network initiated and UE initiated methods can be considered. For network initiated methods, network can trigger or activate DL or UL RS transmission. UE could report beam information only when indicated/configured. Limitation of these methods is when UE does not transmit any signal or feedback information for a relatively long time. For example, periodic beam reporting and periodic CSI reporting can be configured to a UE for fast link adaptation. If the reporting period(s) is too short, original purpose can be met but it could consume too much DL/UL resource. In the last RAN1 meeting, therefore, it was agreed to support UE initiated methods as well as network initiated methods. In these methods, UL transmission is done when UE detects degradation of beam/link quality. Even though UE can recognize the beam degradation in advance of TRP, it may not be feasible to report this situation to network if UL container has not been assigned to the UE. UE might need additional beam measurements for better beam reporting so that following two mechanisms can be considered. 
Mechanism1. UL transmission for beam reporting request
Mechanism2. UL transmission for initiation of DL beam management procedure
In Mechanism1, UL signal is transmitted to acquire a UL container for beam information reporting when UE already has beam related measurement thanks to periodically transmitted/configured RS(e.g. MRS, CSI-RS). In Mechanism2, TRP transmits DL RSs for beam management to the UE upon reception of UL signal. UE could report beam information subsequently. 
Proposal 2: Support at least one from Mechanism 1 and 2 for supporting fast switching of beam(s).
For the UL transmission for the beam recovery request, it was agreed that network explicitly configures to UE with resources for UL transmission of signals for recovery purpose. Considering UL timing synchronization aspects, TRP Rx beam setting for listening the request, and standard impact, the best solution would be to dedicate some PRACH resources for the purpose of beam recovery request. TRP can distinguish whether UE needs random access or beam recovery from the detection of PRACH. Non-contention based PRACH seems to be appropriate for this purpose. Find more details in our companion contribution [4].
Proposal 3: A part of NR-PRACH resources can be dedicated for UL signal for beam recovery request.
3. Conclusion
In this contribution, we discussed how to provide robustness for beamformed systems. Proposals are captured as following:
Proposal1: Support multi-beam based NR-PUCCH transmission in the use of periodic CSI reporting at least.
Proposal 2: Support at least one from Mechanism 1 and 2 for supporting fast switching of beam(s).
· Mechanism1. UL transmission for beam reporting request
· Mechanism2. UL transmission for initiation of DL beam management procedure
Proposal 3: A part of NR-PRACH resources can be dedicated for UL signal for beam recovery request.
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