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1 Introduction
In RAN#90-e, revised WID on extending current NR operation to 71 GHz has been approved, and the following aspects related to channel access mechanism have been included [1]: 
· 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
This contribution discusses detailed design for the above aspects for NR from 52.6 GHz to 71 GHz, and more precisely, the following topics related to beam management are included: 
· Basis used for beam management in 52.6 to 71 GHz
· Beam switching gap for new SCSs
· Multi-beam indication in multi-PDSCH/PUSCH scheduled by a single DCI
· Beam management enhancement due to LBT
2 Basis used for beam management in 52.6 to 71 GHz
In RAN#90e, it was discussed that which release should be served as the basis for beam management discussion for NR in 52.6 to 71 GHz: either Rel-17 or Rel-15/16, but no conclusion was made due to diverse opinions. This topic will be further discussed till RAN#91e, and working group level discussion is needed to facilitate the discussion. 
Comparing with Rel-15/16 beam management, Rel-17 beam management targets for a more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states, including common beam for data and control transmission/reception for DL and UL (especially for intra-band CA), a uniformed TCI framework for both DL and UL, and signaling mechanism enhancement to improve the latency and efficiency with more usage of dynamic control signaling. Moreover, UL beam selection for UEs equipment with multiple panels is also included in Rel-17 beam management, which is another enhancement to Rel-15/16 beam management.  
Overall, Rel-17 beam management is more efficient and powerful comparing to Rel-15/16 beam management. Also, note that the intention for supporting Rel-17 beam management is mainly targeting FR2 (although also applicable to FR1), which shares more commonality with NR 52.6 to 71 GHz. Moreover, the progress for Rel-17 beam management is pretty good in the FeMIMO agenda, so supporting Rel-17 beam management for 52.6 to 71 GHz should not be an issue from the RAN1 timeline perspective. 
Based on above reasoning, we slightly prefer using Rel-17 beam management as the basis for NR 52.6 to 71 GHz, and if time allows, supporting Rel-15/16 beam management as an additional target is also acceptable. 
Proposal 1: Prefer using Rel-17 beam management as basis for NR 52.6 to 71 GHz.
· Can support Rel-15/16 beam management in addition if time allows.
3 Beam switching gap for new SCSs
It has been agreed that for NR 52.6 GHz to 71 GHz, in addition to 120 kHz SCS, 480 kHz and 960 kHz SCSs are supported for data/control channels and reference signals. Note that 480 kHz and 960 kHz SCSs are newly supported for NR, such that the timing aspects should be further investigated for the new SCSs, and beam switching gap is one important component for such timing aspects, which may further impact other PHY designs. 
In Rel-15 and Rel-16, the maximum SCS supported for data/control channel and reference signals is 120 kHz, and the maximum SCS supported for SS/PBCH block is 240 kHz. For both cases, the beam switching gap can be implemented within a CP length of an OFDM symbol (e.g. the minimum CP length is 0.29 us for 240 kHz as shown in Table 1). However, for NR 52.6 to 71 GHz, the CP length for 480 kHz and 960 kHz are much smaller (as shown in Table 1), and it’s quite challenging to implement a beam switch within the CP length, especially for 960 kHz SCS. Hence, one symbol should be reserved for gNB to switch transmission beams, including both SS/PBCH block beam and data beam.
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	SCS (kHz)
	60
	120
	240
	480
	960

	Symbol duration (us)
	16.67
	8.33
	4.17
	2.08
	1.04

	CP length (us)
	1.17
	0.59
	0.29
	0.15
	0.07



Proposal 2: Reserve one symbol for beam switching gap when using 480 kHz and 960 kHz SCSs.
4 Multi-beam indication in multi-PDSCH/PUSCH scheduled by a single DCI
To reduce the PDCCH monitoring burden and maintain a similar peak data rate as slot-based PDCCH monitoring, multi-PDSCH/PUSCH scheduled by a single DCI has been agreed to be supported, as described in the WID [1]. One further design detail to consider is, whether the multiple PDSCHs or multiple PUSCHs have the same QCL assumption for reception. Supporting multiple PDSCHs or PUSCHs with different QCL assumptions (e.g. transmitted from different beams) can be more robust, but with the cost of higher overhead for indication. For example, the multiple PDSCHs or PUSCHs with different QCL assumptions can provide diversity gain. For another example, it is beneficial to support multiple PDSCHs or PUSCHs with different QCL assumptions for a URLLC application. Hence, we propose to further investigate the indication overhead for multiple PDSCHs or PUSCHs with different QCL assumptions, and support the multi-beam indication if the overhead is trackable. 
Proposal 3: Further investigate the overhead for supporting multi-beam indication for multi-PDSCH/PUSCH scheduled by a single DCI.
5 Beam management enhancement due to LBT
In current NR, beam management is performed only based on periodical RS, which may require explicit RS validation when it comes to an unlicensed band due to the impact of LBT. The validation rule typically includes the reception of other signal and/or channel, and highly relies on the reception accuracy of such signal and/or channel. 
For 60 GHz unlicensed band, multi-PDSCH/PUSCH scheduled by a single DCI has been agreed to be supported, then it is more efficient to use multi-slot CSI-RS/SRS scheduled by a single DCI for beam management purpose. With larger SCS and shorter slot duration, the single DCI scheduling multi-slot aperiodic CSI-RS/SRS can reduce the overhead and frequent UE PDCCH monitoring, and it is further motivated by the fact that a large number of beams are expected to be implemented for 60 GHz unlicensed band. 
Proposal 4: Support multi-slot aperiodic CSI-RS/SRS scheduled by a single DCI for beam management in 60 GHz unlicensed band.
The handling of uncertainty on the RS transmission due to LBT was discussed in Rel-16 NR-U, but no corresponding solution was supported at that time due to the challenge of distinguishing a non-transmitted RS and a transmitted RS on a bad link. For 60 GHz unlicensed band, the transmission beam is much narrower, and the transmission duration of a RS is much shorter using the new SCSs, such that the impact from LBT is more severe than Rel-16 NR-U. Hence, we propose to further investigate the issue with uncertainty on the RS transmission due to LBT, and enhancement to current beam failure detection and recovery procedure should be investigated. 
Proposal 5: Further investigate the issue on the uncertainty of RS transmission due to LBT for 60 GHz unlicensed band.
6 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: Prefer using Rel-17 beam management as basis for NR 52.6 to 71 GHz.
· Can support Rel-15/16 beam management in addition if time allows.
Proposal 2: Reserve one symbol for beam switching gap when using 480 kHz and 960 kHz SCSs.
Proposal 3: Further investigate the overhead for supporting multi-beam indication for multi-PDSCH/PUSCH scheduled by a single DCI.
Proposal 4: Support multi-slot aperiodic CSI-RS/SRS scheduled by a single DCI for beam management in 60 GHz unlicensed band.
Proposal 5: Further investigate the issue on the uncertainty of RS transmission due to LBT for 60 GHz unlicensed band.
Reference
[bookmark: _GoBack][1] RP-202925, Revised WID: Extending current NR operation to 71 GHz, CMCC.
[2] R1-2101199, Channel access mechanism for NR from 52.6 GHz to 71 GHz, Samsung. 
