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1. Introduction

In the RAN1 meeting #106-e, the following agreements regarding beam management for the WI extends NR operation up to 71GHz were agreed. 
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 the threshold values 48 or 48+ [image: image2.png]d - 2Hcsirs [2HPDCCH



 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.

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

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

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
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

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

2. Discussion

2.1. Values of maxNumberRxTxBeamSwitchDL for 960 kHz 
In RAN1 meeting #106-e, two candidate alternatives for determining maxNumberRxTxBeamSwitchDL values were agreed for 960 kHz:

· 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
The duration of a 960 kHz slot is very short when compared to a 120 kHz slot, supporting 1 as a candidate value for 960 kHz for maxNumberRxTxBeamSwitchDL is beneficial for reducing UE complexity. For 960 kHz, a symbol may be reserved as a beam switching gap between two transmissions with two different beams according to the discussion for SSB pattern design. If the maximum times of beam switching in a slot is 7, when the maximum capability is used, then only one symbol can be transmitted for each beam in a slot, as illustrated in Fig. 1. In our view this is not a typical case. Besides, it obviously requires a higher UE processing capability. So we prefer not to support 7 as a candidate value for 960 kHz for maxNumberRxTxBeamSwitchDL.
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Fig. 1: value of maxNumberRxTxBeamSwitchDL is 7
Proposal 1: Support 1 and 4 as candidate values for 960 kHz in addition to the agreed candidate values 2.
2.2. QCL assumption for multi-PDSCH scheduling for the single TRP case
When the PDSCH scheduling offset for all PDSCHs is larger than or equal to a threshold timeDurationForQCL, the QCL assumption determination for multi-PDSCH scheduling with a single DCI for the single TRP case was agreed in RAN1 meeting #106-e. When the PDSCH scheduling offset for any PDSCH is less than the threshold, the following two alternatives were discussed:
· Alt-1: Single QCL assumption is applied for all scheduled PDSCHs
· Alt-2: multiple QCL assumptions are applied
In this case, since at least one PDSCH is scheduled within the threshold, the UE may not be aware of the PDSCH scheduling. It is preferred to following Rel-15 rules to determine the QCL assumption, i.e., according to the QCL assumption of the CORESET on the latest slot. In addition, considering that multiple PDSCHs can be scheduled contiguously or non-contiguously in time domain, determining the QCL assumption for each PDSCH according to Rel-15 predefined rule is preferred. Fig. 2 gives an example for this case.
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Fig. 2: illustration of QCL assumption

Proposal 2: For multiple PDSCHs/PUSCHs scheduled by a single DCI for single TRP, if the offset between the reception of the DL DCI and any scheduled 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 each PDSCH.
2.3. QCL assumption for multi-PDSCH scheduling for the multi-TRP case

In RAN1 meeting #106-e, the following working assumption regarding QCL assumption for multi-PDSCH scheduling for the multi-TRP case was made.
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

In Rel-16, some cases of the multi-TRP feature are introduced for transmission of URLLC services, which are beneficial to improve the coverage and transmission reliability. In high frequency environment, transmission based on narrow beamforming is normally used to resist the serious channel fading, and the multi-TRP feature could be another candidate solution to resist the channel fading and enhance the coverage. For this reason, we support the multi-TRP feature for NR network operation up to 71GHz. The legacy multi-TRP feature in Rel-16 can be a starting point. Therefore, we support confirm the working assumption for multi-PDSCH scheduling for the multi-TRP case.
Proposal 3: Confirm the working assumption for multi-PDSCH scheduling for the multi-TRP case. 
2.4. 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 4: 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 previous meeting but have not yet reached consensus. The following proposals were made. 

Proposal 1: Support 1 and 4 as candidate values for 960 kHz in addition to the agreed candidate values 2.

Proposal 2: For multiple PDSCHs/PUSCHs scheduled by a single DCI for single TRP, if the offset between the reception of the DL DCI and any scheduled 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 each PDSCH.
Proposal 3: Confirm the working assumption for multi-PDSCH scheduling for the multi-TRP case. 
Proposal 4: 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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