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1. Introduction
[bookmark: _Ref498564494]The following objective is included in the agreed work item [1]:
· Physical layer aspects including [RAN1]:
· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
· 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, beam management are discussed first. Then, the timeline issues associated with CSI-RS are considered.
2. [bookmark: _Hlk61701809]Overview and baseline of beam management
1. 
2. 
[bookmark: _Ref521492551][bookmark: PP12]Propagation loss is significant in millimeter bands, in order to cope with the loss, massive antenna elements with small wavelength are installed in panels of gNB and UE to achieve large beamforming gain by forming narrow or pencil beam. Regarding the beam transmission method, the transmitted and received beam pair need to be accurately aligned. Thus, the beam management (BM) procedure is applied in NR to select and maintain one or more best-quality beam pairs between a set of TRP(s) and UE panel(s) which is used for downlink and uplink transmission/reception. Following steps are introduced for BM: 
· beam sweeping based on SSB and/or CSI-RS for DL, and SRS for UL
one method is gNB selects and fixes the transmission beam, then UE perform reception beam sweeping. Another method is gNB perform transmission beam sweeping, but UE fixes one reception beam. 
· beam determination based on quality of RSRP
· beam reporting to gNB
· beam indication
In NR Rel-16, S-DCI based PDSCH reliability enhancement for two TRPs to cope with blockage, and M-DCI based PDSCH/PUSCH throughput enhancement for two TRP are supported. Based on these enhancements, the existing designs for beam management such as beam reporting, UL spatial relation indication, and beam failure recovery can still work in scenarios of M-TRP. 
NR Rel-17 beam enhancement focused on two aspects. One aspect is for lower overhead by applying common beam for multiple channels. Another aspect is to enhance the MTRP related beam operation, i.e. simultaneous multi-TRP transmission with multi-panel reception, and TRP specific beam failure recovery enhancement. In general, all these enhancements should be considered for B52.6 operations. 
During the WI scope discussion in RAN#90e [2][3], there is a short discussion on whether to use Rel-15/16 or Rel-17 as baseline for beam management in 52.6-71GHz. First, at least the beam management procedure in Rel-15/16 should be supported for 52.6-71GHz with proper adjustment. The question boils down to whether to support the feature introduced in NR Rel-17. M-TRPs/Panels that NR Rel-17 is focusing on in MIMO WI is also an important scenario for B52.6G, and all of the schemes related to beam management in MIMO could be reused for B52.6G use cases. Therefore, it is preferred to support NR Rel-17 beam management feature for NR operation from 52.6-71GHz as well. However, the problem lies in that these works is highly dependent on MIMO WI and may delay the progress of 52.6GHz WI. Taking this into account, it is proposed that Rel-15/16 is considered as the baseline of beam management in 52.6GHz WI. Besides, the specification of beam management in Rel-17 MIMO WI should also consider the characteristics of B52.6G.
[bookmark: _Ref61861434]Proposal 1: Support beam management of R15/16 as a basis in the discussion of B52.6G and the specification of beam management in Rel-17 MIMO WI should support NR operation from 52.6-71GHz.
3. Timeline related to beam management 
Regarding the issues of timeline of beam management, the following aspects should be considered:
a) the time gap between CSI-RS resources associated with different QCL-type D RS source.
b) triggering of aperiodic CSI-RS related to beam switching time
For item a), there is not any requirement in RAN4 for the gap of beam switching for numerology 60kHz or 120kHz. As the short time of beam switching is smaller than the CP length of 60kHz or 120kHz, the transmission performance would not be affected. Once 480kHz or 960kHz is adopted, the duration of CP is very short, whether the beams witching time can be ignored or not should be further studied. For instance, when repetition ‘ON’ is configured for CSI-RS resource for P3 procedure and two consecutive OFDM symbols with same transmission beam are used for UE beam sweeping. In such a case, if the UE cannot switch the receive beam between these two symbols, the P3 procedure cannot work. 


Figure 1  P3 procedure BM in case of repetition ‘on’ in CSI-RS
[bookmark: _Ref61702929]Proposal 2: Further study the spec impacts of beam switching time on beam measurement and data transmission for B52.6 operation.
For item b), the following wording is the excerpt from 38.214.
	TR 38214 5.2.1.5.1a [1]
When the triggering PDCCH and the triggered aperiodic CSI-RS are of different numerologies, the behavior defined in 5.2.1.5.1 for the case where the numerologies are the same applies with the following exceptions:
Beam switch timing:
· If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info is smaller than the UE reported threshold beamSwitchTiming + d  in CSI-RS symbols, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48}, or is smaller than 48+  in CSI-RS symbols when the reported value of beamSwitchTiming is one of the values of {224, 336} and where if the µPDCCH < µCSIRS, the beam switching timing delay d is defined in Table 5.2.1.5.1a-1, else d is zero.
· If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources is equal to or greater than the UE reported threshold beamSwitchTiming + d  in CSI-RS symbols, when the reported value is one of the values of {14,28,48}, or is equal to or greater than 48+ in CSI-RS symbols when the reported value of beamSwitchTiming is one of the values of {224, 336} and where if the µPDCCH < µCSIRS, the beam switching timing delay d is defined in Table 5.2.1.5.1a-1, else d is zero, the UE is expected to apply the QCL assumptions in the indicated TCI states for the aperiodic CSI-RS resources in the CSI triggering state indicated by the CSI trigger field in DCI.
Table 5.2.1.5.1a-1: Additional beam switching timing delay d
	µPDCCH
	d [PDCCH symbols]

	0
	8

	1
	8

	2
	14


Aperiodic CSI-RS timing
If the µPDCCH < µCSIRS, the UE is expected to be able to measure the aperiodic CSI RS, if the CSI-RS starts no earlier than the first symbol of the CSI-RS carrier's slot that starts at least Ncsirs PDCCH symbols after the end of the PDCCH triggering the aperiodic CSI-RS.
· If the µPDCCH > µCSIRS, the UE is expected to be able to measure the aperiodic CSI RS, if the CSI-RS starts no earlier than at least Ncsirs PDCCH symbols after the end of the PDCCH triggering the aperiodic CSI-RS.
Table 5.2.1.5.1a: Ncsirs as a function of the subcarrier spacing of the triggering PDCCH
	µPDCCH
	Ncsirs [symbols]

	0
	4

	1
	5

	2
	10

	3
	[14]





The parameter of beamSwitchTiming belongs to UE capability which 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. Meanwhile, the UE includes this field for each supported sub-carrier spacing. There are two sets of value for the parameter, one is {14,28,48} symbols and the other one is {224 336}, which include the time guard for panel activation and usually used panel switching of UE.  The parameter of d is extra demand for A-CSI RS transmission which is related to the numerology, when 480KHz and 960KHz are adopted, the additional beam switching time delay d should be redefined with new numerologies.
[bookmark: _Ref61702930]Proposal 3: Timeline of a-CSI RS triggering should be further enhanced for 52.6GHz.
4. Conclusion
With regards to the beam management for 52.6GHz, we have the following the proposals:
Proposal 1: Support beam management of R15/16 as a basis in the discussion of B52.6G and the specification of beam management in Rel-17 MIMO WI should support NR operation from 52.6-71GHz.
[bookmark: _GoBack]Proposal 2: Further study the spec impacts of beam switching time on beam measurement and data transmission for B52.6 operation.
Proposal 3: Timeline of a-CSI RS triggering should be further enhanced for 52.6GHz.
References
[1] [bookmark: _Ref61535030][bookmark: _Ref40203847]TS 38.214 v16.4.0, NR Physical layer procedures for data, 2020-12.
[2] [bookmark: _Ref37345407][bookmark: _Ref32419540][bookmark: _Ref40113707]RP-202925, Revised WID:  Extending current NR operation to 71 GHz, RAN #90e, Electronic Meeting, 7-11 December 2020.
[3] [bookmark: _Ref53393056]RP-202926, Moderator's summary for email discussion [90E][08][52.6-71GHz_WI_scoping], RAN #90e, Electronic Meeting, 7-11 December 2020.
image1.emf
1 2

ĂĂ

P3 BM

ĂĂ


Microsoft_Visio_Drawing.vsdx

1
2



……
P3 BM
……



