
3GPP TSG RAN WG1 #104b-e                                                                                   R1-2102388
e-Meeting, April 12th -20th, 2021
Source:
OPPO

Title:
Discussion on beam management
Agenda Item:
8.2.4
Document for:
Discussion and Decision

1. Introduction

In the RAN1 meeting #104-e, the following agreements regarding beam management for the WI extends NR operation up to 71GHz were agreed.
Agreement:
· For NR operation in 52.6-71GHz with new SCSs, new parameter values for at least the following timing parameters are needed:

· timeDurationForQCL

· beamSwitchTiming

· beamReportTiming

· Companies are encouraged to provide preferred values on timeDurationForQCL, beamSwitchTiming and beamReportTiming

Agreement:
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

Agreement:
· Further study new parameter values for at least the following parameters:

· maxNumberRxTxBeamSwitchDL

· Additional beam switching time delay d for triggering AP-CSI-RS when triggering PDCCH with 120kHz or 480kHz has a smaller subcarrier spacing than AP-CSI-RS

· Study whether/how to introduce a beam switching gap between signals/channels 

· FFS: condition to apply including potential UE capability definition

· Study should account for inputs from RAN4

Agreement:
Further study the following: 

· For multi-PDSCH scheduling with a single DCI, study the QCL assumption(s) the UE should apply for each PDSCH for the case when some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL.

· For multi-PDSCH scheduling with a single DCI, study the QCL assumption(s) the UE should apply for each PDSCH for the case when all of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL 

· Note: If the current Rel-16 behavior would be extended to multiple-PDSCH scheduling, it could result in a different QCL assumption for each PDSCH due to the fact the that the CORESET with the lowest ID can be different for different slots, resulting in a potentially different TCI state for each slot

· Note: Applicability to multi-TRP can be discussed further

Agreement:
Further study the following:

· For multi-PDSCH scheduling with a single DCI, study whether or not it is needed to indicate a separate TCI state for each scheduled PDSCH

· For multi-PUSCH scheduling with a single DCI, study whether or not it is needed to indicate a separate SRI (indication of TCI can be further discussed) for each scheduled PUSCH

· Note: the study should take into account DCI overhead aspects

· Note: Applicability to multi-TRP can be discussed further

In this contribution, we provide our views on the beam management enhancements.  

2. Discussion

2.1. Beam related timing adjustment for new subcarrier spacing
New SCS, i.e. 480kHz and 960kHz are adopted for frequency above 52.6GHz and the beam related timeline should naturally be revised. In our view the following three timeline should be addressed in this RAN1 meeting. 

2.1.1 Beam switch timing
The first timeline is the beam switch timing. This timing is used for DCI triggering aperiodic CSI-RS. In R15, the timeline for AP-CSI-RS trigger is separated from the other beam switching related timeline, such as QCL time duration. The beam switch timing is a threshold to be met between the last symbol of PDCCH, which triggers an AP-CSI-RS and the first symbol of the AP-CSI-RS, as shown in Fig. 1. 
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Fig. 1: beam switch timing

Starting from the R15 beam switch time baseline, we can simply scale the beam switch timing up for the new SCS, e.g. given in table 1. In R15 and R16 MIMO WI, there had been discussions on adding additional timing delay due to the potential panel activation time. However, due to unclear discussion outcome, we think at the moment, these timing factors should be left open until clearer outcome is available in MIMO WI. 
	SCS
	Beam switch time (symbol)

	120kHz
	14, 28, 48, [224,336]

	480kHz
	56, 112, 192, [896, 1344]

	960kHz
	56, 112, 192, [896, 1344]


Table 1: beam switch time for 120kHz, 480kHz and 960kHz
Proposal 1: adopt the following beam switch time for 120kHz, 480kHz and 960kHz. FFS for panel activation timing.
	SCS
	Beam switch time (symbol)

	120kHz
	14, 28, 48 

	480kHz
	56, 112, 192

	960kHz
	56, 112, 192


2.1.2 Time duration for QCL

Another timeline for beam adjustment is the time duration for QCL, which is used for the UE to have sufficient time to adapt the receiver beam for PDSCH reception. The time duration for QCL starts from the end of the PDCCH scheduling a PDSCH with an indicated TCI state. Moreover, if the scheduled PDSCH location does not meet the minimum duration beyond time duration QCL, a default beam is assumed for UE to receive the scheduled PDSCH. 
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Fig. 2: time duration for QCL
Compared with beam switch timing, the time duration for QCL basically is introduced with the same motivation, which is to allow the UE to have enough time to adjust the hardware for selecting a suitable receiver filter. In this case, we think it would be cleaner to have a common timing for both time duration QCL and beam switch timing. Therefore, we propose an identical delay values to the previously presented beam switch timing, i.e. 

	SCS
	Time duration QCL (symbol)

	120kHz
	14, 28

	480kHz
	56, 112

	960kHz
	112, 224


Table 2: time duration for QCL for 120kHz, 480kHz and 960kHz
Proposal 2: adopt the following time duration QCL for 120kHz, 480kHz and 960kHz. 
	SCS
	Time duration QCL (symbol)

	120kHz
	14, 28 

	480kHz
	56, 112

	960kHz
	112, 224


2.1.3 Beam reporting time

A third timeline related to beam management is the beam reporting time, which gives a UE enough time to perform the measurement and prepare the beam reporting. For new SCS, the beam report timing can simply be scaled up w.r.t. the SCS. The proposed beam report timing is given in Table 3. 
[image: image3.png]SSB
CSIRS

beam re

time

‘beam report
PUSCH

[

time




Fig. 3: beam report timing example

	SCS
	Beam report timing (symbol)

	120kHz
	14, 28, 56

	480kHz
	56, 112, 224

	960kHz
	112, 224, 448


Table 3: beam report timing for 120kHz, 480kHz and 960kHz
Proposal 3: adopt the following beam report timing for 120kHz, 480kHz and 960kHz. 
	SCS
	Beam report timing (symbol)

	120kHz
	14, 28, 56

	480kHz
	56, 112, 224

	960kHz
	112, 224, 448


2.2. QCL assumption for multi-PDSCH scheduling 
In the RAN1 meeting #104-e, for multi-PDSCH scheduling with a single DCI, there were discussion regarding how to determine the QCL assumptions the UE should apply for each PDSCH for the following cases:

· Case 1: some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL.
· Case 2: all of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL.

· Case 3: all of the scheduled PDSCHs have scheduling offset equal to or greater than timeDurationForQCL.
According to the legacy rules for QCL assumption, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE shall follow a predefined rule, i.e., according to the QCL assumption of the CORESET on the latest slot, to determine the QCL assumption of the PDSCH. If the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than the threshold timeDurationForQCL, the UE shall follow the TCI-state indication in the DCI to determine the QCL assumption of the PDSCH. 

The same principle should be reused as much as possible for the above three cases. Considering multi-PDSCH is scheduled, the indication of multi-TCI-states is beneficial. More specifically,
· Case 1: the QCL assumptions of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL are determined according to the CORESET on the latest slot, the QCL assumptions of the scheduled PDSCHs have scheduling offset equal to or greater than timeDurationForQCL are determined according to the TCI-state indication. Fig.4 provides an example.
· Case 2: the QCL assumptions of all of the scheduled PDSCHs are determined according to the CORESET on the latest slot. Fig.5 provides an example.
· Case 3: the QCL assumptions of all of the scheduled PDSCHs are determined according to the TCI-state indication. Fig.6 provides an example.
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Fig. 4: illustration of QCL assumption (Case 1)
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Fig. 5: illustration of QCL assumption (Case 2)
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Fig. 6: illustration of QCL assumption (Case 3)

Proposal 4: reuse the legacy principle as much as possible for QCL assumption determination: 
· If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE shall follow the QCL assumption of the CORESET on the latest slot to determine the QCL assumption of the PDSCH. 
· If the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than the threshold timeDurationForQCL, the UE shall follow the TCI-state indication in the DCI to determine the QCL assumption of the PDSCH.
2.3. AP-CSI-RS for BFR/BFD

During the SI phase, some companies proposed to use AP-CSI-RS for UE to perform BFD or BFR, which was captured in the SI report [2]. 
	study of BFR mechanism enhancements, if supported,

-
e.g., the use of aperiodic CSI-RS for BFR, increased number of RSs for monitoring/candidates and efficient utilization of the increased number of RSs, enhanced reliability to cope with narrower beamwidth,


The motivation is due to the LBT failure in an unlicensed spectrum, the P-CSI-RS might not be transmitted to the UE in a timely manner. Using AP-CSI-RS may relieve some pressure due to the LBT failure. However, in 60GHz unlicensed spectrum, the channel access procedure may be radically different from what has been specified in FR2 unlicensed spectrum. Directional LBT is one option, which greatly reduces the LBT failure probability, let alone potential possibility of LBT exempted transmission for short message, which may potentially include P-CSI-RS. Since the motivation of using AP-CSI-RS for BFD/BFR is tightly related to LBT, we suggest holding the discussion until the LBT procedure has been made clear in agenda item 8.2.6. 
Proposal 5: holding the discussion on AP-CSI-RS for BFR/BFD until the LBT procedure has been made clear in agenda item 8.2.6.
3. Conclusion

In this contribution, we discuss some of the items that were already discussed in the last meeting but have not yet reached consensus. The following proposals were made, e.g. 

Proposal 1: adopt the following beam switch time for 120kHz, 480kHz and 960kHz. FFS for panel activation timing.

	SCS
	Beam switch time (symbol)

	120kHz
	14, 28, 48 

	480kHz
	56, 112, 192

	960kHz
	56, 112, 192


Proposal 2: adopt the following time duration QCL for 120kHz, 480kHz and 960kHz. 
	SCS
	Time duration QCL (symbol)

	120kHz
	14, 28 

	480kHz
	56, 112

	960kHz
	112, 224


Proposal 3: adopt the following beam report timing for 120kHz, 480kHz and 960kHz. 
	SCS
	Beam report timing (symbol)

	120kHz
	14, 28, 56

	480kHz
	56, 112, 224

	960kHz
	112, 224, 448


Proposal 4: reuse the legacy principle as much as possible for QCL assumption determination: 
· If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE shall follow the QCL assumption of the CORESET on the latest slot to determine the QCL assumption of the PDSCH. 
· If the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than the threshold timeDurationForQCL, the UE shall follow the TCI-state indication in the DCI to determine the QCL assumption of the PDSCH.
Proposal 5: holding the discussion on AP-CSI-RS for BFR/BFD until the LBT procedure has been made clear in agenda item 8.2.6.
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