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1. Introduction
The updated WI [1] to support NR operation above 52.6 GHz up to 71 GHz was endorsed in RAN#90 and contains the following objective related to beam management enhancements.
	· [bookmark: _Hlk26996217]Specify timing associated with beam-based operation to new SCS (i.e., 480 kHz and/or 960 kHz), study, and specify if needed, potential enhancement for shared spectrum operation


[bookmark: _GoBack]In this contribution, we discuss and provide views on timing associated with beam-based operation and potential enhancements to beam management for unlicensed spectrum, to support NR in high frequency range from 52.6 GHz to 71 GHz.

2. Timing associated with beam-based operation
In this section, we discuss the following two parameters which are associated with timing relationship for beam adjustment.
· timeDurationForQCL
· beamSwitchTiming

First of all, timeDurationForQCL defines the minimum number of OFDM symbols required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing. Its value range is defined in TS 38.331 specification as follows. Therefore, it is necessary to define values for timeDurationForQCL corresponding to new SCSs.
timeDurationForQCL                      SEQUENCE {
        scs-60kHz                           ENUMERATED {s7, s14, s28}          OPTIONAL,
        scs-120kHz                          ENUMERATED {s14, s28}              OPTIONAL
    }                                                                          OPTIONAL,

Proposal #1: Define new values for timeDurationForQCL corresponding to 480 kHz and 960 kHz SCSs.

Secondly, beamSwitchTiming or beamSwitchTiming-r16 indicates the minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and the corresponding aperiodic CSI-RS transmission, for which the number of OFDM symbols is measured from the last symbol containing the indication to the first symbol of CSI-RS. Their value ranges are defined in TS 38.331 specification as follows. Therefore, it is necessary to define values for beamSwitchTiming or beamSwitchTiming-r16 corresponding to new SCSs.
beamSwitchTiming                    SEQUENCE {
        scs-60kHz	ENUMERATED {sym14, sym28, sym48, sym224, sym336} 	OPTIONAL,
        scs-120kHz	ENUMERATED {sym14, sym28, sym48, sym224, sym336}	OPTIONAL
    }                                                               OPTIONAL,
beamSwitchTiming-r16                        SEQUENCE {
        scs-60kHz-r16	ENUMERATED {sym224, sym336}	OPTIONAL,
        scs-120kHz-r16	ENUMERATED {sym224, sym336}	OPTIONAL
    }                                                               OPTIONAL
According to TS 38.214, when a UE reports one value of {224, 336}, different behaviour for the UE is defined for QCL assumption on the corresponding aperiodic CSI-RS, depending on the offset between the last symbol of PDCCH and the first symbol of CSI-RS. In detail, if the offset between PDCCH and CSI-RS is smaller than 48 symbols (i.e., the beam switching threshold), UE assumes default TCI state (e.g., TCI state associated with a CORESET or a TCI code point) regardless of TCI state indicated by triggering DCI. Otherwise, UE applies indicated TCI state for the aperiodic CSI-RS reception. Therefore, it should be discussed how to determine the beam switching threshold given value ranges for beamSwitchTiming or beamSwitchTiming-r16 with new SCSs.
Furthermore, in case where the triggering PDCCH and the CSI-RS have the different numerologies, additional delay d is applied when µPDCCH < µCSIRS, where the value of d is defined as follows. Therefore, additional beam switching time delay for 120 kHz and 480 kHz should be defined.
Table 5.2.1.5.1a-1: Additional beam switching timing delay d
	µPDCCH
	d [PDCCH symbols]

	0
	8

	1
	8

	2
	14



Proposal #2: Define new values for beamSwitchTiming corresponding to 480 kHz and 960 kHz SCSs and define corresponding UE behaviour to determine QCL assumption for triggered aperiodic CSI-RS.
Proposal #3: Define new values for additional beam switching time delay d corresponding to 120 kHz and 480 kHz SCSs of triggering DCI.

Different from Rel-15/16 beam management operation, beam switching delay (i.e., required time to change phase shifters) should be considered especially for 960 kHz SCS. According to TR 38.817-02, 100 ns was considered as the worst case of beam switching delay and it was concluded that beam switching delay should be less than 80 % of CP length to prevent system performance degradation. However, since 100 ns beam switching delay can be larger than normal CP length of 960 kHz SCS (approximately, 73 ns), it should be discussed how to handle beam switching delay or how to allocate symbol-level gap between DL/UL signals/channels. For instance, at least one symbol gap can be allocated (except for long CP symbol every half sub-frame) between two adjacent CORESETs if those are associated with different TCI states. For another instance for beam management CSI-RS or SRS, if beam switching delay is needed between signals, one slot may not suffice to support TX or RX beam sweeping within a slot, which may require a triggering method to indicate multiple slots for CSI-RS or SRS resource set.

Proposal #4: At least for 960 kHz SCS, discuss how to handle beam switching delay between DL/UL signals/channels.

3. Potential enhancements for unlicensed spectrum
In this section, we discuss several aspects to be considered to enhance beam management for operation with shared spectrum channel access.
If channel access scheme is applied for unlicensed spectrum, all or part of the set of multiple symbols corresponding to CSI-RS for (tracking or) beam management or SRS for beam management may not be transmitted due to LBT failure. Therefore, it could be beneficial to provide more opportunities to CSI-RS or SRS transmission. Another problem with the impact of LBT failure is that, the receiver may encounter an ambiguity issue about whether corresponding beam quality is bad or transmitter failed LBT procedure. Particularly for link recovery procedure, the situation where gNB does not transmit the corresponding RS due to LBT failure may cause UE to count BFI (beam failure instance) based on current procedure, which needs to be avoided in unlicensed spectrum.

Proposal #5: The following aspects can be considered to enhance beam management operation when channel access scheme is used for unlicensed spectrum.
· How to provide more opportunities of CSI-RS or SRS transmission considering LBT failure
· How to enhance beam failure procedure considering not transmitted BFD-RS due to LBT failure

4. Conclusions
In this contribution, beam management enhancements to support NR from 52.6 GHz to 71 GHz were discussed, and the followings were proposed.

Proposal #1: Define new values for timeDurationForQCL corresponding to 480 kHz and 960 kHz SCSs.
Proposal #2: Define new values for beamSwitchTiming corresponding to 480 kHz and 960 kHz SCSs and define corresponding UE behaviour to determine QCL assumption for triggered aperiodic CSI-RS.
Proposal #3: Define new values for additional beam switching time delay d corresponding to 120 kHz and 480 kHz SCSs of triggering DCI.
Proposal #4: At least for 960 kHz SCS, discuss how to handle beam switching delay between DL/UL signals/channels.
Proposal #5: The following aspects can be considered to enhance beam management operation when channel access scheme is used for unlicensed spectrum.
· How to provide more opportunities of CSI-RS or SRS transmission considering LBT failure
· How to enhance beam failure procedure considering not transmitted BFD-RS due to LBT failure
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