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1. Introduction
At RAN#91-e meeting, the revised WID on NR operation from 52.6 to 71GHz was approved with the objectives as follows [1]:
	· 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
· 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
· Rel-15/16 and any Rel-17 beam management enhancements can be considered for 52.6-71 GHz. Whether particular features should be excluded for 52.6-71 GHz can be further discussed
· Note: As per usual procedure, duplication of work between work items in Rel-17 should be avoided




In this contribution, beam based operation for new SCSs for NR 52.6- 71GHz is discussed.
2. Discussion
2.1. Timing associated with beam based operation
With shorter symbol/slot length due to higher SCSs applied in NR52.6-71GHz, timing parameters associated with beam operation need to be investigated. Following agreements were made at RAN1#106-e.

	Agreement:
For maxNumberRxTxBeamSwitchDL,
· Support at least 2 and 4 as candidate values for 480 kHz
· FFS: 7
· Support at least 2 as a candidate value for 960 kHz
· FFS: Support for additional candidate value(s) including 4

Agreement:
For maxNumberRxTxBeamSwitchDL,
· For 480 kHz, support 7 as a candidate value for 480 kHz in addition to the agreed candidate values 2 and 4
· For 960 kHz, support one of the following alternatives
· Alt-1: Support 1, 4 and [7] as candidate values for 960 kHz in addition to the agreed candidate values 2
· Alt-2: Support 4 as a candidate value for 960 kHz in addition to the agreed candidate values 2
· No additional candidate values are supported

[bookmark: _Hlk80957802]Agreement:
For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, 
· Support one of the following alternatives
· Alt-1: No additional candidate values are supported for 120 kHz, 480 kHz and 960 kHz 
· Alt-2: 28 and 56 symbols are supported as additional candidate values for 480 kHz and 960 kHz, respectively 
· For UE capability signaling, UE reports one value of the candidate values in OFDM symbols per each SCS

Agreement:
· For additional beam switching time delay d of 120 kHz, support one of the following alternatives
· Alt-1: 14 symbols
· Alt-2: 28 symbols
· FFS: value for 480 kHz

Agreement:
For the threshold values 48 or 48+  mentioned in Clauses 5.2.1.5.1 and 5.2.1.5.1a of 38.214, scale 48 to 4*48 for 480 kHz and 8*48 for 960 kHz.




We are open to introduce additional values, e.g., smaller values, if necessary. Smaller values can be beneficial as it would improve scheduling efficiency, while it may be difficult to support from implementation perspective in practice. Whether/how much it is practical should be taken into account carefully. 

Nothing is specified for beam switching between contiguous transmissions in Rel-15/16 from RAN1 perspective since the scheduling strategy and the CP duration are considered to be sufficient to avoid any issue related to the beam switching time. However, with 480/960 kHz SCS, the CP length may not be long enough to cover the whole beam switching time duration. For beam switching between SRS/PUCCH/PUSCH, the needed gap depends on “transient period” and “UE beam switching time (beam direction switch only)”, which is still under discussion in RAN4 for 52.6 – 71 GHz band. If such time durations required for beam switching are relatively longer compared to CP duration with 480/960 kHz SCS, guard period should be defined to ensure sufficient time for beam switching between SRS/PUCCH/PUSCH. In that case, as well as the duration of such guard period, how to define/ensure such guard periods also need to be discussed, e.g., in scheduling point of view specified in RAN1 or in RF requirements specified in RAN4. 

SRS antenna switching gap also needs to be discussed for NR in 52.6 – 71 GHz. In FR1 and FR2-1, minimum guard period between two SRS resources of an SRS resource set for antenna switching is defined for each SCS from 15 kHz to 120 kHz (as in the following table). Value(s) for the SRS antenna switching gap should also be defined for 480 and 960 kHz SCS.

Table: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2




[bookmark: _Ref68190209]Proposal 1: For timing parameters associated with beam based operation,
· For beam switching between SRS/PUCCH/PUSCH, whether/how to define the beam switching gap depends on RAN4 conclusion on “transient period” and “UE beam switching time (beam direction switch only)”.
· Value(s) for the SRS antenna switching gap should be defined for 480 and 960 kHz SCS.

2.2. Beam indication/application for multi-PDSCH/PUSCH scheduled by single DCI
In previous meetings, beam (i.e., TCS state/SRI) indication and QCL assumption for the case of multi-PDSCH/PUSCH scheduled by one DCI was separately discussed for single and multiple TRP case.

Single TRP case 
For single TRP case, it was agreed to use single TCI state/SRI in DCI for multiple PDSCHs/PUSCHs. QCL assumption was also agreed when PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL. However, QCL assumption when PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL still needs discussion regarding the two alternatives captured. The key point is whether UE determines TCI state for each PDSCH independently based on corresponding PDCCH-PDSCH offset and/or corresponding default TCI state. For the case when PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL, only one TCI state is applied for all PDSCHs. For another case of multi-slot PDSCH scheduling in Rel-16, only one TCI state (TCI state of the first PDSCH) is applied to PDSCHs in multiple slots. In our opinion, the principle to use same TCI state/QCL assumption for all PDSCHs should be kept even here. Therefore, it is preferred that TCI state applied for the first PDSCH should be applied to all PDSCHs scheduled by single DCI. If the offset between the first PDSCH and the scheduling PDCCH is less than timeDurationForQCL, default QCL assumption of the first PDSCH is same as CORESET with the lowest CORESET ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.


	Agreement:
For multiple PDSCHs/PUSCHs scheduled by a single DCI, at least for single TRP, support indication of only a single TCI state/SRI in DCI
FFS: number of TCI states/SRIs in a single DCI scheduling multiple PDSCHs/PUSCHs for multi-TRP.
Agreement:
For the single TRP case, For multi-PDSCHs scheduled by a single DCI with a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· Case 1: PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL 
· Case 1-1: tci-PresentInDCI enabled 
· Single QCL assumption based on the indicated codepoint of the single DCI field ‘Transmission Configuration Indication’ is applied for all scheduled PDSCHs
· Case 1-2: tci-PresentInDCI not present 
· Single QCL assumption of the single scheduling DCI scheduled multi-PDSCHs is applied for all scheduled PDSCHs
· Case 2: PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
· Down select one of the following alternatives 
· Alt 1: Single QCL assumption is applied for all scheduled PDSCHs 
· FFS: Details of single QCL assumption
· Alt 2: multiple QCL assumptions are applied 
· FFS: Details of multiple QCL assumptions
· FFS: When some of PDSCHs are collided with semi-static UL symbols and then skipped
· FFS: The multi-TRP case




[bookmark: _Ref68190237]Proposal 2: For multi-PDSCH/PUSCH scheduled by single DCI for single TRP case, 
· Regardless of the offset between scheduling DCI and PDSCHs relative to timeDurationForQCL, TCI states for PDSCHs scheduled by a single DCI follows the TCI state applied for the first PDSCH.
· If the offset between the first PDSCH and PDCCH is less than timeDurationForQCL, default QCL assumption of the first PDSCH is same as CORESET with the lowest CORESETID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.


Multi-TRP case 
Working assumption was made at RAN1#106-e for TCI state indication for multi-PDSCH scheduling for multi-TRP case. 
	Working assumption:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
· FFS: Details of multiple TCI state association with multiple PDSCHs



Before going into detailed design for TCI state and/or default QCL assumption for multi-TRP case, it should be clarified which scheme we are discussing for the multi-TRP PDSCH. In Rel-16, single-DCI based and multi-DCI based MTRP PDSCH are supported. More specifically, single-DCI based MTRP PDSCH includes SDM/TDM/FDM/SFN schemes. 
If we want to support multi-PDSCH scheduling for single-DCI based MTRP PDSCH, we need to have more discussions on which scheme(s) will work together with the multi-PDSCH scheduling, and what kind of specification impacts are needed for the chosen schemes. A certain amount of discussions is expected but there are only two meetings left for Rel-17 WI. Therefore, it is not preferred to further consider multi-PDSCH scheduling for single-DCI based multi-TRP case.
For multi-DCI based multi-TRP PDSCH, unlike single-DCI based one, it can easily be extended to support multi-PDSCH scheduling with more straightforward solution. With multi-PDSCH scheduling for multi-DCI multi-TRP case, the multiple PDSCHs scheduled by single DCI with CORESETPoolIndex with a value of 0 or 1 have the same TCI state as per the agreed on the single TRP case. Regarding default QCL assumption, when scheduling offset for any scheduled PDSCH < timeDurationForQCL, same principle to have same TCI state for all PDSCHs scheduled by one DCI should be applied. Therefore, the TCI state that is actually considered for the first PDSCH should be applied for all PDSCHs scheduled by one DCI. If the offset between the first PDSCH and the scheduling PDCCH is less than timeDurationForQCL, default QCL assumption of the first PDSCH is same as CORESET with lowest CORESET ID among the CORESETs with same value of CORESETPoolIndex as the PDCCH scheduling the PDSCH in the latest slot in which one or more CORESETs associated with the same value of CORESETPoolIndex as the PDCCH scheduling the PDSCH within the active BWP of the serving cell are monitored by the UE.

Proposal 3: For multi-PDSCH/PUSCH scheduled by single DCI for multi-TRP case, 
· Multi-PDSCH scheduling by single DCI is supported only for multi-DCI based multi-TRP case in Rel-17, i.e., the single DCI is associated with a CORESETPoolIndex.
· Regardless of the offset between scheduling DCI and PDSCHs relative to timeDurationForQCL, TCI states for PDSCHs scheduled by a single DCI follows the TCI state applied for the first PDSCH.
· If the offset between the first PDSCH and PDCCH is less than timeDurationForQCL, default QCL assumption of the first PDSCH is same as CORESET with lowest CORESETID among the CORESETs with same value of CORESETPoolIndex as the PDCCH scheduling the PDSCH in the latest slot in which one or more CORESETs associated with the same value of CORESETPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE.


2.3. Beam management enhancement
In 52.6 – 71 GHz, using narrower beams can help to obtain more beamforming gain to cope with large propagation loss. Beam management enhancement with narrower beam operation can be considered for 52.6-71GHz system. In Rel-16, the number of CSI-RS resources for beam management over all resource sets is no more than 128, and the number of CSI-RS resources in a resource set is up to 64. With narrower beams, whether the number of beams for a resource set and/or across all resource sets are sufficient or not may need to be discussed. On the other hand, we also need to consider the remaining time for Rel-17 completion. As the same number as SSB beams are supported already, beam management with the existing number of CSI-RS configuration would work somehow even in 52.6 – 71 GHz. Thus, we think this topic could be deprioritized compared to other essential topics. 

Moreover, in Rel-16, the number of reported beams for each reporting setting in one report instance is up to 4. If more beams are configured in 52.6 – 71 GHz, the number of reported beams may not be sufficient to perform beam management properly. It may also need to be discussed in this WI. 
Proposal 4: For beam management in 52.6-71GHz, discuss the following:
· whether to support reporting more than 4 beams for beam reporting in one report instance, if the number of configured CSI-RS resources in a resource set for beam management is increased.
· whether to increase the number of configured CSI-RS resources for beam management.
· Given the remaining time for Rel-17 completion, it could be low priority than other essential topics.

2.4. Beam failure detection and recovery enhancement
Beam failure recovery mechanism (BFR) is supported in Rel-15/16 NR (for PCell/PSCell in Rel-15 and for SCell in Rel-16) to cope with beam mis-matching within a coverage. In 52.6 – 71 GHz, assuming narrower beam width than that in lower frequency, there may be more opportunities where BFR needs to be performed, i.e. beam mis-matching may happen more frequently. Thus, the current BFR procedure may need to be enhanced to improve the efficiency of the BFR procedure. For example, in the current BFR procedure a candidate beam set [image: ]can be configured, where the number of beams is limited to at most 64. More beams may need to be included for BFR in 52.6 – 71 GHz considering the use of narrower beam. On the other hand, if the number of CSI-RS resources for beam management remains the same as in Rel-15/16, it seems the existing maximum value of candidate beams would also be sufficient. As we view the discussion on the number of CSI-RS resources for beam management can be deprioritized than other essential topics considering the limited time for Rel-17 completion, this topics can also be deprioritized in our view. 

Another point is the gap time to apply new beam after the reception of BFR response from gNB. In Rel-15/16, UE can apply the new beam indicated by gNB after 28 symbols from the reception of BFR response. Since higher SCS will be used in 52.6 – 71 GHz, the absolute time duration of 28 symbols guard period would be shorter than that in case with lower SCS, and such shorter guard period may be inappropriate for UE. Whether the 28 symbols work or not may also need to be discussed. 

During BFR procedure, UE monitors periodic CSI-RS and/or SSB to detect beam failure based on estimated link quality. However, such periodic transmission may not be ensured in unlicensed spectrum due to channel access procedure (e.g., LBT failure). Monitoring RS or channel other than such periodic transmissions may need to be considered. On the other hand, the probability of LBT failure is unclear, and it may be quite low in higher frequency band assuming the use of narrower beam for transmissions. Then the necessity itself of such aperiodic signal monitoring should be discussed at first. In addition, as described several times earlier, the remaining discussion time is limited for Rel-17 completion. Given that this topics is something discussed from Rel-16 NR-U but not agreed, and this issue is not specific to 52.6 – 71 GHz, we prefer to deprioritize this discussion compared to other essential topics. 
Proposal 5: Beam failure detection/recovery procedure in NR 52.6-71GHz can consider following potential enhancements,
· whether to introduce a new time gap to apply new beam configuration after receiving BFR response from gNB
· whether to increase the number of candidate beams included in set[image: ]
· if the discussion on the number of CSI-RS resources for beam management is deprioritized in Rel-17, it can also be low priority. 

3. Conclusion
[bookmark: _GoBack]In this contribution, we discussed the beam based operation in 52.6 – 71 GHz. Based on the discussion, we made following proposals.
Proposal 1: For timing parameters associated with beam based operation,
· For beam switching between SRS/PUCCH/PUSCH, whether/how to define the beam switching gap depends on RAN4 conclusion on “transient period” and “UE beam switching time (beam direction switch only)”.
· Value(s) for the SRS antenna switching gap should be defined for 480 and 960kHz SCS.

Proposal 2: For multi-PDSCH/PUSCH scheduled by single DCI for single TRP case, 
· Regardless of the offset between scheduling DCI and PDSCHs relative to timeDurationForQCL, TCI states for PDSCHs scheduled by a single DCI follows the TCI state applied for the first PDSCH.
· If the offset between the first PDSCH and PDCCH is less than timeDurationForQCL, default QCL assumption of the first PDSCH is same as CORESET with the lowest CORESETID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
Proposal 3: For multi-PDSCH/PUSCH scheduled by single DCI for multi-TRP case, 
· Multi-PDSCH scheduling by single DCI is supported only for multi-DCI based multi-TRP case in Rel-17.
· Regardless of the offset between scheduling DCI and PDSCHs relative to timeDurationForQCL, TCI states for PDSCHs scheduled by a single DCI follows the TCI state applied for the first PDSCH.
· If the offset between the first PDSCH and PDCCH is less than timeDurationForQCL, default QCL assumption of the first PDSCH is same as CORESET with lowest CORESETID among the CORESETs with same value of CORESETPoolIndex as the PDCCH scheduling the PDSCH in the latest slot in which one or more CORESETs associated with the same value of CORESETPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE.
Proposal 4: For beam management in 52.6-71GHz, discuss the following:
· whether to support reporting more than 4 beams for beam reporting in one report instance, if the number of configured CSI-RS resources in a resource set for beam management is increased.
· whether to increase the number of configured CSI-RS resources for beam management.
Proposal 5: Beam failure detection/recovery procedure in NR 52.6-71GHz can consider following potential enhancements,
· whether to introduce a new time gap to apply new beam configuration after receiving BFR response from gNB
· whether to increase the number of candidate beams included in set[image: ]
· if the discussion on the number of CSI-RS resources for beam management is deprioritized in Rel-17, it can also be low priority. 
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