Page 1
3GPP TSG-RAN WG1 #106-e		R1-2107729
e-Meeting, August 16th – 27th, 2021
Source: 	Apple Inc.
Title:                     Beam Management for New SCSs
[bookmark: Source]Agenda item:	8.2.4
[bookmark: DocumentFor]Document for:	Discussion and Decision
1 Introduction
In RAN1 #104bis e-meeting, the following was agreed for different initial access channels so as to extend current NR operation to 71GHz [1]:  
	Agreement:
Introduce new parameter values for additional beam switching time delay d, when triggering PDCCH with 120kHz or 480kHz has a smaller subcarrier spacing than AP-CSI-RS or PDSCH

Agreement:
For timeDurationForQCL, beamSwitchTiming and beamReportTiming,
· Following candidate values of FR2 are reused for 120 kHz:
· timeDurationForQCL: 14 and 28 symbols
· beamSwitchTiming: 14, 28, 48, 224 and 336 symbols
· beamReportTiming: 14, 28 and 56 symbols
· For 480 kHz
· Support at least the candidate values for 120 kHz scaled by 4x
· FFS: Support for additional candidate value(s)
· For 960 kHz
· Support at least the candidate values for 120 kHz scaled by 8x
· FFS: Support for additional candidate values(s)
· FFS: UE capability signaling details
· Note: The scaled values 224 and 336 symbols for beamSwitchTiming are used as in Rel-16 (defined in Rel-15 with updates in Rel-16).

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




In this contribution, we discuss the remaining issues of initial access channels, focusing on the perspectives below: 
· Leftover timing associated with Beam Management. 
· Potential Enhancements for BM operation. 
2. Discussion
2.1 Timing associated with Beam Management 
In RAN1 103 e-meeting, a set of timing parameters related to BM were identified for new SCSs 480kHz and 960kHz SCS summarized in Table 1 below: 
Table 1: Rel-15/16 timing related to beam management
	Index 
	Parameter/IE
	Definition 
	Value ranges
	Note

	1
	timeDurationForQCL
	minimum number of OFDM symbols required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing. 
	60kHz: {s7, s14, s28}
120kHz: {s14, s28}
	Per SCS  
Per FS

	2
	beamSwitchTiming
	The minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission 
	60kHz/120kHz: 
{sym14, sym28, sym48, sym224, sym336}
	Per SCS
Per FS

	3
	Additional beam switching time delay ‘d’
	Additional delay for beam switching when different SCSs is used for PDCCH and A-CSI-RS. 
	15kHz: {sym8}
30kHz: {sym8} 
60kHz:{sym14}
	Per SCS
Per FS 

New values for PDCCH with 120kHZ and 480kHZ.

	4
	beamReportTiming
	The number of OFDM symbols between the last symbol of SSB/CSI-RS and the first symbol of the transmission channel containing beam report. 
	15kHz: {sym2, sym4, sym8}
30kHz: {sym4, sym8, sym14, sym28}
60kHz: {sym8, sym14, sym28}
120kHz: {sym14, sym28, sym56}
	Per SCS
Per band

	5
	maxNumberRxTxBeamSwitchDL
	The number of Tx and Rx beam changes UE can perform on this band within a slot. 
	15kHz/30khz/60kHz/120kHz: 
{n4, n7, n14}
	Per SCS
Per band



In RAN1 104bis e-meeting, absolute timing defined for 120kHz in FR2-1 was agreed to be reused for 120kHz, 480kHz and 960kHz SCS in different cases, which include value of timeDurationForQCL, beamSwitchTiming and beamReportTiming. The value for additional beam switching time delay ‘d’ and maxNumberRxTxBeamSwitchDL for new SCSs remains FFS. 
Similar as parameter of ‘timeDurationForQCL’ and ‘beamSwitchTiming’, the processing timeline of additional beam switching generally involves two parts, one is PDCCH processing and the other is associated beam adjustment e.g., intra-UE communication, beam selection, sub-array switching and phase-shift change, etc. Given the fact that the higher frequency band is sort of FR2-1 extension to beyond 52.6GHz, processing time for new SCSs is preferrable to allow reusing the existing FR2-1 hardware regardless of SCS. It is the reason that RAN1 agreed the following in the RAN1 #104 e-meeting as a general guideline for timeline related discussions [1]: 
	Agreement:
· RAN1 use the absolute time duration for 120 kHz SCS as the upper bound for the discussion of UE processing timelines (not related to PDCCH monitoring) for 480 kHz and 960 kHz SCS for NR operation in 52.6 to 71 GHz
· RAN1 strives to reduce the absolute time durations from the upper bound if feasible



Proposal 1: For additional beam switching time delay ‘d’, reuse the absolute time defined for 60kHz i.e., 28 symbols for 120kHz and 112 symbols for 480kHZ.  

2.2 Potential Enhancements for BM operation
In RAN1 104 e-meeting, support of Multiple Beams for Multiple PDSCHs was discussed. It was agreed to further study the QCL assumption(s) the UE should apply for each PDSCH in multi-PDSCH scheduled by a single DCI as shown in FIG.2: 
· Case 1: When all of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL. 
· Case 2: When some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL.
[image: A picture containing graphical user interface

Description automatically generated]
Figure 2: Identified use cases for potential beam management enhancement 

In Rel-15/16, for Case 1 and 2, a UE assumes that the DM-RS ports of PDSCH of a serving cell are QCLed with the RS(s) in the CORESET associated with a monitored search space with the lowest CORESET ID in the latest slot within the active BWP of the serving cell are monitored by the UE. Consequently, QCL assumption for the TBs in Case 1 and TB1/TB2 in Case 2 maybe varied if the QCL assumption of CORESETs in the latest slot are different. 
For 480kHz and 960kHz SCS, the slot duration becomes much shorter compared to SCSs supported for FR2 in earlier release. It motivates to introduce a new mechanism to allow a single default QCL assumption for TBs that have scheduling offset less than timeDurationForQCL. There are a set of solutions to be considered. One example is to allow gNB to configure a default QCL assumption e.g., based on the latest beam measurement report from UE and then configure the best beam through RRC signaling or scheduling DCI format as being discussed in Rel-17 FeMIMO WI. 
Proposal 2: Support a mechanism to allow a single QCL assumption at least for multi-PDSCH scheduled by a single DCI that have scheduling offset less than timeDurationForQCL.   

As illustrated in FIG.3, different QCL assumptions between the latest CORESETs and PDSCHs result in additional gap(s) to perform beam switching, given the fact that the UE is still required to monitor PDCCHs in the CORESET. The spectrum efficiency loss caused by the gap depends on several factors, e.g., length of switching gap, the period of search space associated with CORESET and TCI configuration of the CORESET(s). Since all of this relevant information is known at the gNB side, it may be beneficial to consider some mechanisms to allow gNB enabling or disabling the PDCCH monitoring within the scheduled multiple PDSCH duration such that the switching gap can be dynamically adapted based on the relevant factors. 
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Figure 3: The switching gap in case different TCIs between default beam and CORESETs
Proposal 3: Consider a mechanism to enable/disable the PDCCH monitoring within the multi-PDSCH duration to improve resource efficiency. 

3. Conclusion 
In this contribution, we have presented our views on open issues related to beam management enhancement with new SCSs on above 52.6GHz frequency bands. Based on the discussions above, the following was proposed: 
Proposal 1: For additional beam switching time delay ‘d’, reuse the absolute time defined for 60kHz i.e., 28 symbols for 120kHz and 112 symbols for 480kHZ.  
Proposal 2: Support a mechanism to allow a single QCL assumption at least for multi-PDSCH scheduled by a single DCI that have scheduling offset less than timeDurationForQCL.  
Proposal 3: Consider a mechanism to enable/disable the PDCCH monitoring within the multi-PDSCH duration to improve resource efficiency. 
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