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1	Introduction
The updated WID [1] for the WI on extending NR to 71 GHz contains the following objective related to beam management
· 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

In this contribution we discuss timing associated to beam-based operation.
[bookmark: _Ref178064866]2	Discussion
2.1	Timing Related Aspects of Beam Management
For the smallest subcarrier spacing (120 kHz) agreed for supporting NR operation up to 71 GHz, the cyclic prefix duration is roughly 586 ns. This provides more than sufficient margin for beam switching, since according to 38.817 Sec 9.10.2, “The worst-case beam switching time is hence based on the analogue implementation and is estimated as < 100ns.” For the agreed larger subcarrier spacings (480 and 960 kHz), there is not as much margin for beam switching: the CP duration is 146 and 73 ns, respectively.
Based on this observation, at least two timing related aspects of beam management were discussed during the study item [2]: (1) UE capabilities on beam switch timing, and (2) beam switch gap handling for various signals and channels, and these aspects are discussed further in the following two sub-sections.
 2.1.1	UE Capabilities Associated with Beam Switch Timing
The following Rel-15 UE capabilities related to beam-switch timing were identified during the study item:
· FG 2-2 (timeDurationForQCL)
· This signalling enables the UE to indicate its capability on the minimum time duration between the end of the last symbol of the PDCCH containing the scheduling DCI to the beginning of the first symbol of scheduled PDSCH for applying spatial QCL information (i.e., to perform an Rx beam switch) for the case when the DCI is configured with a TCI state index field. The UE obtains the spatial QCL information via the TCI state indicated by the scheduling DCI. If the DCI is not configured with a TCI state index field and/or the PDCCH-to-PDSCH time offset is less than the capability indicated by timeDurationForQCL, a fallback mechanism is used whereby the UE obtains the spatial QCL information via a TCI state that is RRC configured for a reference CORESET.
· For 120 kHz in FR2, the UE indicates capability of either 14 or 28 OFDM symbols (1 or 2 slots, respectively).

· FG 2-28 (beamSwitchTiming)
· This signalling enables the UE to indicate its capability on the minimum time duration between the end of the last symbol of the PDCCH containing the triggering DCI for aperiodic CSI-RS and the beginning of the first symbol of the CSI-RS transmission. The UE obtains the spatial QCL information for CSI-RS reception (i.e., to perform an Rx beam switch) from the TCI state associated with the DCI codepoint that triggers the CSI-RS transmission. If the PDCCH-to-CSI-RS time offset is less than a threshold that is determined as a function of the capability indicated by beamSwitchTiming, a fallback mechanism is used whereby the UE obtains the spatial QCL information via a TCI state that is RRC configured for a reference CORESET. The threshold depends on whether or not the triggering PDCCH and the CSI-RS are on carriers with the same numerology or different.
· For 120 kHz in FR2, the UE indicates capability of 14, 28, 48, 224, or 336 OFDM symbols (1, 2, ~3.5, 16, or 24 slots, respectively). The two largest values (224 and 336) were introduced in Rel-16 and apply only to the case of a CSI-RS resource set for beam management for the case of repetition = ON, i.e., a CSI-RS resource set configured to allow the UE to perform beam measurements while adjusting its receive beam.

In FR2 defined in Rel-15/16, the above two UE capability parameters are a function of the SCS (60 kHz or 120 kHz). Clearly, for Rel-17 appropriate values for 480 and 960 kHz SCS need to be further discussed.
[bookmark: _Toc61900891]To support 480 and 960 kHz SCS, RAN1 needs to discuss appropriate values for the UE capabilities on PDCCH-to-PDSCH timing (timeDurationForQCL) and PDCCH-to-CSI-RS timing (beamSwitchTiming) that determine the spatial QCL assumption to be used for reception of PDSCH and ap-CSI-RS, respectively.
For triggering of aperiodic CSI-RS, the PDCCH-to-CSI-RS slot offset is configured as part of a CSI-RS resource set (NZP-CSI-RS-ResourceSet), and it can take values between 0 and 31 slots in Rel-16. Note that the Rel-15 parameter values 5 and 6 correspond to 16 and 24 slots, respectively. Only one of the Rel-15 or Rel-16 parameters is configured.
    aperiodicTriggeringOffset           INTEGER(0..6)   	                   OPTIONAL,   -- Need S
    [[
    aperiodicTriggeringOffset-r16       INTEGER(0..31)                         OPTIONAL   -- Need S
    ]]

Depending on what values are agreed for the UE capability parameter beamSwitchTiming for 480/960 kHz SCS, the aperiodic triggering offset parameter for a CSI-RS resource set may need to be extended above the current maximum value of 31 slots since the maximum value of beamSwitchTiming already corresponds to 24 slots for 120 kHz SCS.
[bookmark: _Toc61900892]To support 480 and 960 kHz, RAN1 needs to discuss whether or not the triggering offset for an aperiodic CSI-RS resource set (aperiodicTriggeringOffset) needs to be extended above the current maximum value of 31 slots.
An additional UE capability parameter related to beam management timing aspects is FG 2-25 (beamReportTiming) which is defined in 38.306 as follows:
[bookmark: _GoBack]Indicates the number of OFDM symbols between the last symbol of SSB/CSI-RS and the first symbol of the transmission channel containing beam report. The UE provides the capability for the band number for which the report is provided (where the measurement is performed). The UE includes this field for each supported sub-carrier spacing.
As can be seen from 38.214 Section 5.4, the CSI computation delay requirement Z3 and Z3' depend on the value indicated by the UE capability parameter beamReportTiming. Clearly, this is related to the other CSI computation delay requirements Z1, Z1', Z2, Z2'. In our view all CSI computation delay requirements should be discussed together for the new subcarrier spacing values.
[bookmark: _Toc61900893]The CSI computation delay requirements Z3 and Z3' depend on the value indicated by the UE capability parameter beamReportTiming. All CSI computation delay requirements Z1, Z1', Z2, Z2', Z3, and Z3' should be discussed together.
2.1.2	Beam Switch Gap Handing
As mentioned above, for the new large subcarrier spacings (480 and 960 kHz), the CP duration during which a UE typically switches its receive beam can be less than the time to perform a beam switch. For example, for 960 kHz, the CP curation is 73 ns, whereas beam switch time can be on the order of 100 ns. In addition, there are other sources of errors and RF imperfections that eat into the CP, e.g., delay spread, timing errors, etc. Factoring in these sources of error as well as the beam switch time, the CP duration can be exceeded, even for 480 kHz SCS. Furthermore, while 100 ns may be an upper limit on the beam switch time, not all UEs have the same implementation. Some UEs may have longer switching times than others, e.g., due to the choice between analog, digital, or hybrid beamforming implementation.
To avoid degrading signal strength measurements on CSI-RS and SRS resources when the CP duration is too short compared to beam switch time plus other impairments, the gNB can configure a gap between successive CSI-RS or SRS resources within a CSI-RS/SRS resource set used for beam management. Such configuration is already supported in the spec today. Each reference signal resource in the set is configured with a starting symbol index within the slot, which can be chosen such that there is a gap between consecutive resources.
While gaps can easily be configured, it may be preferable not to introduce such gaps for all UEs, e.g., for those that have a capability for shorter switching times that do not exceed the CP duration. At present, there does not exist UE capability signalling that could be used to inform the network of the time it takes the UE to switch from one Rx beam to another Rx beam. If there was such signalling, it would allow the network to know whether or not to configure gaps between successive CSI-RS resources (downlink) or SRS resources (uplink) in resource set. 
While the two parameters discussed in the previous section are related to beam switching capability for the downlink, they provide a composite latency that includes the PDCCH decoding delay plus baseband and radio delays. This delay is on the order of tens of symbols (multiple slots), not on the order of tens of ns which is the beam switch component of the overall delay. Furthermore, there is no existing capability signaling indicating beam switch time in the uplink.
Based on this it can be further discussed to introduce some form of capability signalling to the network on the beam switch time, either in absolute terms, or some quantized version. Alternatively, the UE could simply indicate whether a symbol gap is needed.

[bookmark: _Toc61900895]To allow efficient configuration of reference signal resource sets for beam management for 480/960 kHz SCS, RAN1 should further discuss the introduction of some form of UE capability signalling that can provide the network with knowledge related to the UE beam switch time (on the order of 10s of ns, rather than 10s of symbols).
2.2	Baseline Beam Management
As shown in Section 1, the updated WID includes the following objective:
Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e
Beam management enhancements for Rel-17 are being discussed in the feMIMO WI. The corresponding WID [3] contains several objectives with sub-objectives related to beam management:
· Multi-beam enhancements
· Multi-TRP enhancements
· SRS triggering enhancements
· CSI measurement/reporting enhancements
Generally, features introduced in other work items should be viewed as "tools generally available in the spec." Hence, we see no reason to preclude beam-management enhancements introduced in any particular release for use when operating in the 52.6 – 71 GHz band.
[bookmark: _Toc61900894]Beam management features available up to Rel-16 as well as enhancements introduced in the Rel-17 feMIMO WI can be used for the 52.6 – 71 GHz band if beneficial for a particular deployment.
Conclusion
In this paper we made the following observations: 
Observation 1	To support 480 and 960 kHz SCS, RAN1 needs to discuss appropriate values for the UE capabilities on PDCCH-to-PDSCH timing (timeDurationForQCL) and PDCCH-to-CSI-RS timing (beamSwitchTiming) that determine the spatial QCL assumption to be used for reception of PDSCH and ap-CSI-RS, respectively.
Observation 2	To support 480 and 960 kHz, RAN1 needs to discuss whether or not the triggering offset for an aperiodic CSI-RS resource set (aperiodicTriggeringOffset) needs to be extended above the current maximum value of 31 slots.
Observation 3	The CSI computation delay requirements Z3 and Z3' depend on the value indicated by the UE capability parameter beamReportTiming. All CSI computation delay requirements Z1, Z1', Z2, Z2', Z3, and Z3' should be discussed together.
Observation 4	Beam management features available up to Rel-16 as well as enhancements introduced in the Rel-17 feMIMO WI can be used for the 52.6 – 71 GHz band if beneficial for a particular deployment.


Based on the discussion in the previous sections we propose the following:
Proposal 1	To allow efficient configuration of reference signal resource sets for beam management for 480/960 kHz SCS, RAN1 should further discuss the introduction of some form of UE capability signalling that can provide the network with knowledge related to the UE beam switch time (on the order of 10s of ns, rather than 10s of symbols).
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