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1 Introduction
In RAN #90, the objectives about physical layer aspects for NR 52.6-71GHz are agreed as follows:

· 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. 
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

· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.

· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued

· Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.

· Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 

· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.

In this contribution, we mainly share our views on the beam management for NR from 52.6 GHz to 71GHz with the following objectives:

· 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
2 The basis of beam management
In Rel17, there will be some enhancements on multi-beam operation, which mainly focus on facilitating more efficient DL/UL beam management to support higher intra-cell mobility and/or a larger number of configured TCI states. In Rel15/16, the beam management procedure for different channels is not the same. More specifically, the beam indication mechanisms for PDCCH, PDSCH, PUSCH and PUCCH are different, which increases the complexity, overhead, and latency of beam management, especially in high mobility scenarios and the scenario with large number of beam. Thus, common beam for data and control transmission/reception for DL and UL, unified TCI framework for DL and UL beam indication and enhancement on signaling mechanisms are proposed in Rel17 to improve the efficiency of beam management in Rel15/16.

For NR 52.6-71GHz, a narrower beamwidth may be needed to compensate for larger propagation loss due to high atmospheric absorption. If so, there will be a lot of beams, in which case the beam management procedure in Rel15/16 is less efficient. In addition, the efficiency of beam management is much more important if the LBT mode channel access mechanism for shared spectrum operation is applied since the transmission opportunity is restricted. Accordingly, the beam management procedure in Rel17 is more appropriate to be a basis in NR 52.6-71GHz.
Proposal 1: Beam management in Rel17 should be used as a basis in NR 52.6-71GHz.
3 Timing associated with beam based operation to new SCS
Usually, there will always be a gap between the time gNB sends a command associated with QCL information and the time UE applies it. The timing associated with beam based operation are needed to insure there is no ambiguity about the applicability of the QCL information between gNB and UE. In this part, we will discuss the timing associated with beam based operation which are related to subcarrier spacing (SCS). In addition to 120 KHz SCS, it is agreed that 480 kHz and 960 kHz should be supported in NR 52.6-71GHz. Therefore, these timing corresponding to new SCSs should be specified accordingly.

Observed from TS 38.306, UE needs to provide the capability beamSwitchTiming dependent on the SCS. In NR 52.6-71GHz, 120 KHz, 480 kHz and 960 kHz should be supported. Accordingly, the beamSwitchTiming values related to these new SCSs should be provided by UE to the network.

	· beamSwitchTiming

Indicates the minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission. The number of OFDM symbols is measured from the last symbol containing the indication to the first symbol of CSI-RS. The UE includes this field for each supported sub-carrier spacing.


Proposal 2: UE needs to provide the beamSwitchTiming values corresponding to new SCSs.

When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, UE needs enough time to perform the computation. There are two timing requirement for aperiodic CSI reporting as illustrated in Figure 1. The first one is the minimum number of OFDM symbols Z between the last symbol of the PDCCH that contains the DCI triggering the aperiodic CSI report and the first symbol of the PUSCH which carries the CSI report. The second one is defined as the minimum number of OFDM symbols Z’ between the last symbol of the reference signal and the first symbol of the PUSCH containing the CSI report. The values of Z and Z’ as defined in clause 5.4 of 38.214 is shown in Table 1, where μ of table 1 corresponds to the min (
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  is according to UE reported capability beamReportTiming and 
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  is according to UE reported capability beamSwitchTiming as defined in TS 38.306. The beamSwitchTiming is described above, and beamReportTiming is defined as following:
	· beamReportTiming

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 the description, the UE capability beamReportTiming is also different for each SCS.

Proposal 3: For these new SCSs, UE should report the corresponding beamReportTiming values to the network.
In addition, after the beam measurement results reported to the network, the gNB should indicate UE the beam used for PDSCH reception via beam indication procedure. As we mentioned before, there is a gap between the time UE receives the command associated with QCL information (beam indication) and the time UE applies it. For the PDSCH beam indication, the time gap is defined as timeDurationForQCL shown in following:
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Fig.1 Timing requirement for aperiodic CSI report
Table 1 Timing requirement for beam report
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	· timeDurationForQCL

Defines minimum number of OFDM symbols required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing as described in TS 38.214 clause 5.1.5. UE shall indicate one value of the minimum number of OFDM symbols per each subcarrier spacing of 60kHz and 120kHz.


Observed from the definition of timeDurationForQCL, UE should provide the corresponding value related the new SCS, because it is different for each SCS.

Proposal 4: The timeDurationForQCL values should be update to support these new SCSs introduced in NR 52.6-71GHz.
4  Beam management procedure in NR-U-60
For the unlicensed frequency bands in 52.6-71GHz (NR-U-60), both LBT mode and no-LBT mode are recommended to be supported to cover a wide range of use cases and regulatory requirements. In the no-LBT scenario, the beam management framework could be the same as that in Rel15/16 or Rel17. However, if we consider the LBT mode channel access mechanism, there might be some required enhancement to beam management since the periodic reference signals may not be transmitted owing to the LBT failure. In the following parts, potential enhancement to beam management is discussed under the condition that LBT mode channel access is taken into consideration. For convenience, the unlicensed frequency bands in NR from 52.6GHz to 71 GHz considering LBT mode channel access mechanism is denoted as NR-U-60-LBT.
4.1 Whether periodic reference signals can be used to beam management
The NR-unlicensed work item in Rel16 addresses the support of NR operation on unlicensed frequency bands (NR-U). It can be a basis for the NR-U-60-LBT considering the LBT mode channel access mechanisms. Because of the co-existence with other technologies occupying the same unlicensed spectrum, the periodic reference signals cannot be transmitted if LBT failure. However, from the gNB side, the periodic reference signals, like the periodic CSI-RS, can still be configured via RRC signaling. From the UE side, if periodic reference signals are configured, it will assume that the reference signals are always there and may report the measurement results to gNB after performing the measurement on these signal, unless there is a way for UE to detect whether the transmission bursts exist.

Observed from the NR-U in Rel16, there are several methods for UE to determine that when the transmission bursts starts and ends. If a UE is configured with two groups of search space sets for PDCCH, the monitoring group flag in DCI format 2_0 and a timer configured as a number of slots can be used for UE to determine whether the transmission bursts exist. In addition, a COT (Channel Occupied Time) duration bit-field per serving cell in GC-PDCCH, i.e., DCI format 2_0, indicates UE the end of COT. Therefore, it can be concluded based on the description above that it is feasible to configure periodic reference signals via RRC for beam management if reusing the same methods for UE to confirm whether the transmission bursts exist in NR-U-60-LBT. 
Proposal 5: Beam management based on periodic reference signals can be supported in NR-U-60-LBT.
For periodic CSI-RS, there may exist the cases when the transmission burst is too short and none of periodical CSI-RS occasion is contained within the burst.

One possible method to solve this problem is to make use of the aperiodic CSI-RS or semi-persistent CSI-RS instead of periodic CSI-RS. In the discussion that follows, we are going to talk about the aperiodic/semi-persistent CSI-RSs.
4.2 Aperiodic/semi-persistent CSI-RSs
Aperiodic CSI-RS and aperiodic CSI reports can be triggered by DCI format 0_1 together with aperiodic CSI report. Each codepoint of the DCI field "CSI request" is associated with one trigger state. After reception of this DCI, UE will perform measurement on aperiodic CSI-RS (reference signals) and report the measurement results based on the trigger state corresponding to the codepoint, unless all the bits in this field are set to zero. Each aperiodic trigger state can associated with several report configures and the corresponding resource sets. Each resource set contains 64 aperiodic CSI-RS resources at most. It implies that one aperiodic CSI-RS set in Rel15/16 or Rel17 can be used for beam measurement if the number of beams is less than 64. To support more beams, multiple aperiodic CSI-RS sets is needed. However, the reporting of measurement results will be performed after the measurement on all resource sets. Accordingly, one CSI-reportConfig needs to be associated with multiple aperiodic CSI-RS sets, in which case a new reporting mechanism is needed. 
Observation 1: One aperiodic CSI-RS set can be directly used for beam measurement if the number of beams is less than 64 in NR-U-6-LBT.
Proposal 6: Support one CSI-reportConfig associated with more than one aperiodic CSI-RS sets.
As for the semi-persistent CSI-RS resources, they need to be activated/deactivated via MAC CE unlike the periodic CSI-RS.  In the COT duration, these signals can be activated or deactivated anytime that the measurement on semi-persistent CSI-RS resources is needed. Accordingly, semi-persistent CSI-RSs may be a substitute for periodic reference signals if the periodic CSI-RSs cannot be used for beam management.
Proposal 7: Semi-persistent CSI-RSs may be a substitute for periodic reference signals in NR-U-60-LBT.

4.3 CSI-RS for beam failure recovery
Due to the larger propagation loss due to high atmospheric absorption above 52.6GHz, the narrower beamwidth may needed to compensate for that. Then, the beam failure would happens more frequently, which leads to reliability issue. Thus, BFR operation is essential in NR-U-60-LBT.

For the beam failure detection, a set 
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  of periodic CSI-RS resource configuration indexes are provided to UE by failureDetectionResources. UE provides an indication to its MAC layer when the radio link quality for all corresponding resource configurations in the set 
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 that the UE uses to assess the radio link quality is worse than the threshold. There is a beam failure if the number of consecutive beam failure instances surpasses the beamFailureInstanceMaxCount and the interval between two consecutive beam failure instances is not greater than beamFailureDetectionTimer. In addition, a set 
 of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes is configured by candidateBeamRSList to select an appropriate beam used for beam failure recovery procedure.

Observation 2: BFR procedure deeply relies on periodic CSI-RSs.
If the periodic CSI-RSs cannot be used for BFR, a simple method is to support the use of aperiodic CS-RS for the BFR procedure. In order to guarantee the reliability, the periodical beam failure detection procedure is necessary. Accordingly, the aperiodic CSI-RS used for beam failure detection needs to be triggered via DCI periodically during COT after LBT success. Because UE immediately starts a recovery procedure after a beam failure in detected, a set of aperiodic CSI-RSs are also supposed to be triggered periodically as a list of candidate beam, form which the beam used for the recovery procedure is selected. For beam failure detection and the candidate beam selection, there is no need to report the measurement results to gNB. Therefore, aperiodic CSI-RS resources should be triggered by DCI together with aperiodic CSI reports with reportQuantity setting to none. In addition, the signaling overhead on the control channel due to the periodical triggering of aperiodic CSI-RS via DCI may increase heavily. Accordingly, whether the aperiodic CSI-RS can be utilized in the BFR procedure in NR-U-60-LBT needs further study.
Proposal 8: Study whether the BFR based on aperiodic CSI-RSs should be supported in NR-U-60-LBT.
The BFR procedure based on aperiodic CSI-RS will increase the signalling overhead on the control channel. As discussed in section 4.2, the semi-persistent CSI-RS can be activated/deactivated by just one MAC CE. To reduce the signalling overhead, semi-persistent CSI-RS instead of aperiodic CSI-RS can be used in the BFR procedure in NR-U-60-LBT.
Proposal 9: The BFR procedure based on semi-persistent CSI-RSs may need to be supported in NR-U-60-LBT.
5 Conclusions

In this contribution, we share our views on beam management in NR from 52.6 GHz to 71GHz mainly focusing on which beam management will be used as a basis, timing associated with beam based operation to new SCS, and the beam management procedure in NR-U-60-LBT.
Proposal 1: Beam management in Rel17 should be used as a basis in NR-U-60-LBT.
Proposal 2: UE needs to provide the beamSwitchTiming values corresponding to new SCSs.

Proposal 3: For these new SCSs, UE should report the corresponding beamReportTiming values to the network.
Proposal 4: The timeDurationForQCL values should be update to support these new SCSs introduced in NR-U-60-LBT.
Proposal 5: Beam management based on periodic reference signals for should be supported in NR-U-60-LBT.
Observation 1: The aperiodic CSI-RSs can be directly used to beam measurement if the number of beams is less than 64 in NR-U-6-LBT.
Proposal 6: To support one CSI-reportConfig associsted with more than one aperiodic CSI-RS set, a new reporting mechanism is needed after the measurement on aperiodic CSI-RS triggered by DCI.

Proposal 7: Semi-persistent CSI-RSs may be a substitute for periodic reference signals in NR-U-60-LBT.

Observation 2: BFR procedure deeply relies on periodic CSI-RSs.
Proposal 8: Study whether the BFR based on aperiodic CSI-RSs should be supported.
Proposal 9: The BFR procedure based on semi-persistent CSI-RSs may need to be supported in NR-U-60-LBT.
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