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1. Introduction
In this contribution, we discuss and provide views on timing associated with beam-based operation and potential enhancements to beam management for unlicensed spectrum, to support NR in high frequency range from 52.6 GHz to 71 GHz.

2. Timing associated with beam-based operation
	Agreement: (RAN1#106-e)
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


Between two alternatives for additional candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, Alt-2 is preferred considering advanced UE implementation for FR2-2.

Proposal #1: For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, 28 and 56 symbols are supported as additional candidate values for 480 kHz and 960 kHz, respectively (i.e., Alt-2 in the agreement made in RAN1#106-e).

	Agreement: (RAN1#106-e)
· 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


Between two alternatives for beam switching delay d for 120 kHz, Alt-2 is preferred since it seems sufficient to have the same absolute time with beam switching delay d for 60 kHz. Similarly, 112 symbols can be adopted for beam switching delay d for 480 kHz.

Proposal #2: For beam switching time delay d of 120 kHz, support 28 symbols (i.e., Alt-2 in the agreement made in RAN1#106-e). In addition, for beam switching time delay d of 480 kHz, support 112 symbols.

	Agreement: (RAN1#106-e)
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: (RAN1#106-e)
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


Between two alternatives for maxNumberRxTxBeamSwitchDL of 960 kHz, Alt-2 is preferred since up to 4 beam switching is sufficient considering up to 7 beam switching for 480 kHz.

Proposal #3: For maxNumberRxTxBeamSwitchDL of 960 kHz, support 4 as a candidate value in addition to the agreed candidate values 2 (i.e., Alt-2 in the agreement made in RAN1#106-e).

3. QCL assumptions for multiple PDSCHs/PUSCHs
	Agreement: (RAN1#106-e)
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


Between two alternatives for QCL assumption when PDSCH scheduling offset for any scheduled PDSCH is less than timeDurationForQCL (i.e., Case 2), Alt 1 (i.e., single QCL assumption for all scheduled PDSCHs) is preferred. To be specific, the single QCL assumption that is applied for all scheduled PDSCHs is determined based on the lowest index CORESET in the latest slot from the first PDSCH (which is not collided with semi-static UL symbols). One argument point for Alt 1 was how to make a beam switching gap between PDSCH and CORESET when QCL assumptions for them are different each other. However, it should be noted that the same situation may happen for Case 1 since the single QCL assumption is applied to all scheduled PDSCHs for Case 1, and also be noted that it was agreed to support indication of only a single TCI state/SRI in DCI since the benefit from allowing multiple beam indication for multiple PDSCHs was uncertain.
Regarding the FFS point for how to handle skipped PDSCH(s) due to the collision with semi-static UL symbols, we suggest to exclude skipped PDSCH(s) to determine Case 1 or Case 2. For example, 4 PDSCHs are scheduled by a DCI but the first two PDSCHs are cancelled owing to the conflict with semi-static UL symbols. Then, if the scheduling offset from the DCI to the first two (but cancelled) PDSCHs are less than timeDurationForQCL but the scheduling offset from the DCI to the last two PDSCHs are larger than timeDurationForQCL, this falls into Case 1.

Proposal #4: If PDSCH scheduling offset for any of PDSCHs scheduled by a single DCI is less than timeDurationForQCL (i.e., Case 2), the single QCL assumption is applied for all scheduled PDSCHs and is determined based on the lowest index CORESET in the latest slot from the first valid PDSCH (which is not collided with semi-static UL symbols).
Proposal #5: In order to determine Case 1 (i.e., PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL) or Case 2 (PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL), only valid PDSCHs are taken into account and PDSCHs skipped due to collision with semi-static UL symbols are excluded.

	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


According to the above working assumption, further discussion is needed for the case where DCI indicates two TCI states for single DCI based multi-TRP. In Rel-16 eMIMO, various schemes (i.e., SDM, FDM scheme A/B, and TDM scheme A/B) are supported to consider the enhancement for eMBB and/or URLLC services.
For SDM, since SDM-based PDSCH transmission is transparent to UE, it would be natural to apply SDM scheme for each scheduled PDSCH.
For FDM scheme A/B, allocated frequency domain resource is divided into two parts, and one is transmitted by TRP#1 while the other is transmitted by TRP#2. Thus, it seems possible to apply FDM scheme A/B to each scheduled PDSCH, or FDM scheme A/B can be applied only to the first PDSCH.
For TDM scheme A, in addition to assigned PDSCH occasion #1, one more TDMed PDSCH occasion #2 (with a symbol-level gap, if configured) is generated, and TRP#1 transmits PDSCH for PDSCH occasion #1 while TRP#2 transmits PDSCH for PDSCH occasion #2. When this applies directly to multi-PDSCH scheduling case, it could be problematic if additional TDMed PDSCH occasion #2 can be overlapped with one of multiple PDSCHs scheduled by a single DCI. One possible way is to apply TDM scheme A to the first PDSCH or to consider only the first TCI state to be valid (i.e., to ignore the second TCI state) when TDM scheme A is configured.
For TDM scheme B, an indicated TDRA row index associated with repetitionNumber (=N) can inform UE that the scheduled PDSCH is repeated with N times, and some of N PDSCHs are transmitted by TRP#1 while others are transmitted by TRP#2. This scheme can be merged with multi-PDSCH scheduling by associating one row index with TDM scheme B and the other row index with multi-PDSCH reception.

Proposal #6: For multi-PDSCH scheduling for multi-TRPs, the followings can be considered for each multiplexing scheme that was introduced for Rel-16 single DCI based multi-TRP operation.
· SDM: Similar to Rel-16, when DCI indicates two TCI states and two CDM groups, UE can apply SDM scheme to each of scheduled PDSCHs.
· FDM scheme A/B: Similar to Rel-16, when DCI indicates two TCI states and one CDM group, UE can apply FDM scheme A or B to each of scheduled PDSCHs (or only to the first PDSCH)
· TDM scheme A: When DCI indicates two TCI states and one CDM group, UE can apply TDM scheme A only to the first PDSCH, or apply only the first TCI state to all of PDSCHs and ignore the second TCI state.
· TDM scheme B: TDRA row index can be used to differentiate TDM scheme B (configured with repetitionNumber) with multi-PDSCH scheduling (configured with multiple SLIV values).

4. Potential enhancements for unlicensed spectrum
In this section, we discuss several aspects to be considered to enhance beam management for operation with shared spectrum channel access.
If channel access scheme is applied for unlicensed spectrum, all or part of the set of multiple symbols corresponding to CSI-RS for (tracking or) beam management or SRS for beam management may not be transmitted due to LBT failure. Therefore, it could be beneficial to provide more opportunities to CSI-RS or SRS transmission. Another problem with the impact of LBT failure is that, the receiver may encounter an ambiguity issue about whether corresponding beam quality is bad or transmitter failed LBT procedure. Particularly for link recovery procedure, the situation where gNB does not transmit the corresponding RS due to LBT failure may cause UE to count BFI (beam failure instance) based on current procedure, which needs to be avoided in unlicensed spectrum.

Proposal #7: The following aspects can be considered to enhance beam management operation when channel access scheme is used for unlicensed spectrum.
· How to provide more opportunities of CSI-RS or SRS transmission considering LBT failure
· How to enhance beam failure procedure considering not transmitted BFD-RS due to LBT failure

5. Conclusions
In this contribution, beam management enhancements to support NR from 52.6 GHz to 71 GHz were discussed, and the followings were proposed.
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Proposal #1: For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, 28 and 56 symbols are supported as additional candidate values for 480 kHz and 960 kHz, respectively (i.e., Alt-2 in the agreement made in RAN1#106-e).
Proposal #2: For beam switching time delay d of 120 kHz, support 28 symbols (i.e., Alt-2 in the agreement made in RAN1#106-e). In addition, for beam switching time delay d of 480 kHz, support 112 symbols.
Proposal #3: For maxNumberRxTxBeamSwitchDL of 960 kHz, support 4 as a candidate value in addition to the agreed candidate values 2 (i.e., Alt-2 in the agreement made in RAN1#106-e).
Proposal #4: If PDSCH scheduling offset for any of PDSCHs scheduled by a single DCI is less than timeDurationForQCL (i.e., Case 2), the single QCL assumption is applied for all scheduled PDSCHs and is determined based on the lowest index CORESET in the latest slot from the first valid PDSCH (which is not collided with semi-static UL symbols).
Proposal #5: In order to determine Case 1 (i.e., PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL) or Case 2 (PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL), only valid PDSCHs are taken into account and PDSCHs skipped due to collision with semi-static UL symbols are excluded.
Proposal #6: For multi-PDSCH scheduling for multi-TRPs, the followings can be considered for each multiplexing scheme that was introduced for Rel-16 single DCI based multi-TRP operation.
· SDM: Similar to Rel-16, when DCI indicates two TCI states and two CDM groups, UE can apply SDM scheme to each of scheduled PDSCHs.
· FDM scheme A/B: Similar to Rel-16, when DCI indicates two TCI states and one CDM group, UE can apply FDM scheme A or B to each of scheduled PDSCHs (or only to the first PDSCH)
· TDM scheme A: When DCI indicates two TCI states and one CDM group, UE can apply TDM scheme A only to the first PDSCH, or apply only the first TCI state to all of PDSCHs and ignore the second TCI state.
· TDM scheme B: TDRA row index can be used to differentiate TDM scheme B (configured with repetitionNumber) with multi-PDSCH scheduling (configured with multiple SLIV values).
Proposal #7: The following aspects can be considered to enhance beam management operation when channel access scheme is used for unlicensed spectrum.
· How to provide more opportunities of CSI-RS or SRS transmission considering LBT failure
· How to enhance beam failure procedure considering not transmitted BFD-RS due to LBT failure

