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[bookmark: _Ref506539118]Introduction
In previous RAN1 #103-e meeting, a study item on extending NR up to 71 GHz has been completed with the TR 38.808 as the main outcome [1]. After that, a WI for extending NR up to 71 GHz was approved in [2] with the following WI objectives listed below.
	· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timeing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.
· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e
· Physical layer procedure(s) including [RAN1]:
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.
· Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access
· Study, and if needed specify, energy detection threshold enhancement 
· Radio interface protocol architecture and procedures [RAN2]:
· For operation in this frequency range: Introduce higher layer support of enhancements listed above that are agreed to be specified.



In this contribution, some aspects related to beam management are discussed for extending NR up to 71 GHz especially UE capabilities on beam switch timing in beam management procedure.
Discussion
Beam management has been an integral part of NR since Release-15. The framework for beam management, developed during Release-15/16, is stable and mature and, therefore, could be considered as a baseline for the work related to beam management in WI on extending NR up to 71 GHz in Rel-17. At the same time, several enhancements of the beam management is being discussed within feMIMO Rel-17 WI. It’s assumed that the key functionality of Rel-17 beam management framework will be supported for all SCS including 480 kHz and 960 kHz. Therefore, NR extension up to 71 GHz will be also compliant with Rel-17 beam management framework. There would be no additional complexity to support Rel-15/16 beam management for NR extension up to 71 GHz because it should be supported anyway by the UE in FR2 for backwards compatibility purposes. Based on the discussion above, it’s proposed to support both Rel-15/16 and Rel-17 beam management for NR extension up to 71 GHz.
Proposal 1: Support both Rel-15/16 and Rel-17 beam management for NR extension up to 71 GHz.
One of the issues arising when adapting Rel-15/16 beam management to NR extension up to 71 GHz is timing relationships associated with beam operation. For example, some UE capabilities for beam switching and beam reporting are defined in terms of the number of OFDM symbols assuming SCS 60 kHz and 120 kHz. As a starting point, it’s proposed to list all beam management parameters related to timing and extend their definitions to larger SCS values of 480 kHz and 960 kHz. For example, in Table 2‑1 below, some of such parameters are immediately given with their current values and the values proposed for new SCSs.
[bookmark: _Ref61796495]Table 2‑1. Beam management parameters
	Index
	Feature group
	Parameter field name in TS 38.331 and its explanation
	Rel-15/16 values
	Proposed values

	2-2
	PDSCH beam switching
	timeDurationForQCL
Time duration to determine and apply spatial QCL information for corresponding PDSCH reception.
	Candidate value set for 60 kHz is {7, 14, 28} OFDM symbols.
Candidate value set for 120 kHz, {14, 28} OFDM symbols
	Candidate value set for 480 kHz is {28, 56, 112} OFDM symbols.
Candidate value set for 960 kHz, {56, 112} OFDM symbols

	2-25
	Beam reporting timing
	beamReportTiming
The number of symbols between the last symbol of SSB/CSI-RS and the first symbol of the transmission channel containing beam repor.t
	For SCS 15 kHz is {2, 4, 8} OFDM symbols.
For SCS 30 kHz is {4, 8, 14, 28} OFDM symbols.
For SCS 60 kHz is {8, 14, 28} OFDM symbols.
For SCS 120 kHz is {14, 28, 56} OFDM symbols.
	For SCS 480 kHz is {56, 112, 224} OFDM symbols.
For SCS 960 kHz is {112, 224, 448} OFDM symbols.

	2-27
	Beam switching
	maxNumberRxTxBeamSwitchDL
Maximum number of Tx + Rx beam changes a UE can conduct during a slot across the whole band CC.
	{4, 7, 14} switches
	{2, 4, 7, 14} switches

	2-28
	A-CSI-RS beam switching timing
	beamSwitchTiming
Minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission.
	For SCS 60 kHz and 120 kHz is {14, 28, 48, 224, 336} OFDM symbols.
	For SCS 480 kHz and 960 kHz {112, 224, 336, 672} OFDM symbols.



The main principle to extend the definition of beam management parameters from Table 2‑1 for SCS 480 kHz and 960 kHz is to scale up the corresponding values for smaller SCS, e.g., 60 kHz and 120 kHz, with minimal exceptions. Thus, for UE capability timeDurationForQCL, 28 and 56 OFDM symbols are added for SCS 480 kHz and 960 kHz, respectively, assuming some progress in spatial QCL processing for PDSCH reception in NR extension from 52.6 GHz and 71 GHz. For UE capability maxNumberRxTxBeamSwitchDL, an additional value of 2 switches per slot is added taking into account the reduced slot duration time for SCS 480 kHz and 960 kHz. For UE capability beamSwitchTiming, some directly scaled up values of SCS 60 kHz and 120 kHz would give rather large values for SCS 480 kHz and 960 kHz which would result in large number of slots and, thus, complicate scheduling in NR extension up to 71 GHz. To avoid that, the large scaled numbers of OFDM symbols for SCS 480 kHz and 960 kHz numerologies is excluded. The provided examples lead to the proposal below.
[bookmark: _GoBack]Proposal 2: Identify all Rel-15/16 beam management UE capabilities related to timing and extend their definitions with SCS values of 480 kHz and 960 kHz.
Proposal 3: Modify relevant RRC parameters to account UE capabilities for beam management with updated values corresponding to SCS 480 kHz and 960 kHz.

Conclusions
In this contribution, we discussed some beam management aspects in particular timing relationships relevant for beam operation in NR extension from 52.6 GHz up to 71 GHz. The following is a summary of the observation and proposals:
Proposal 1: Support both Rel-15/16 and Rel-17 beam management frameworks for NR extension up to 71 GHz.
Proposal 2: Identify all Rel-15/16 beam management parameters related to timing and extend their definitions with SCS values of 480 kHz and 960 kHz.
Proposal 3: Modify relevant RRC parameters to account UE capabilities for beam management with updated values corresponding to SCS 480 kHz and 960 kHz.
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