3GPP TSG RAN WG1 #106-e			R1-2107438
e-Meeting, August 16th – 27th, 2021

Agenda Item:	8.2.4
Source: 	LG Electronics
Title: 	Enhancements for beam management to support NR above 52.6 GHz
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
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#104bis-e)
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: (RAN1#104bis-e)
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).



According to TS 38.214, when a UE reports one value of {224, 336} for beamSwitchTiming (or beamSwitchTiming-r16), different behaviour for the UE is defined for QCL assumption on the corresponding aperiodic CSI-RS, depending on the offset between the last symbol of PDCCH and the first symbol of CSI-RS. In detail, if the offset between PDCCH and CSI-RS is smaller than 48 symbols (i.e., the beam switching threshold) regardless of SCS between 60 kHz and 120 kHz, UE assumes default TCI state (e.g., TCI state associated with a CORESET or a TCI code point) and ignores TCI state indicated by triggering DCI. Otherwise, UE applies indicated TCI state for the aperiodic CSI-RS reception. Based on the agreement that values of beamSwitchTiming scaled by 4 and 8 for 480 and 960 kHz, respectively, the beam switching threshold needs to be determined with the SCS-specific manner. In other words, the beam switching threshold can be defined by 192 (=48x4) and 384 (=48x8) symbols for 480 and 960 kHz, respectively.

Proposal #1: When one of the values {224x4, 336x4} for 480 kHz or one of the values {224x8, 336x8} for 960 kHz is provided for beamSwitchTiming, define 192 symbols for 480 kHz or 384 symbols for 960 kHz as the beam switching threshold which is used to determine different QCL assumptions for triggered aperiodic CSI-RS depending on the offset between PDCCH and CSI-RS.

	Agreement: (RAN1#104-e)
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



On the issue of QCL assumption(s) that UE should apply for scheduled PDSCHs when all or some of PDSCHs scheduled by a single DCI have scheduling offset less than timeDurationForQCL, it would be desirable to maintain the same QCL assumption at least for scheduled PDSCHs with scheduling offset less than timeDurationForQCL, considering UE complexity to change beams between scheduled PDSCHs. In this regard, the following two approaches can be considered.
· Approach 1: The scheduled PDSCHs that have scheduling offset less than timeDurationForQCL apply the same QCL parameter(s) used for the lowest index CORESET in the latest slot from the first scheduled PDSCH.
· Approach 2: If at least one of scheduled PDSCHs has scheduling offset less than timeDurationForQCL, all of scheduled PDSCHs apply the same QCL parameter(s) used for the lowest index CORESET in the latest slot from the first scheduled PDSCH.
It can be further discussed whether to apply different approaches depending on the size of interval between adjacent scheduled PDSCHs, and how to handle prioritization between PDCCH and PDSCH when QCL assumptions for them are different each other. Furthermore, it should be clarified how to handle skipped PDSCH(s) due to the collision with semi-static UL symbols, as agreed in RAN1#105-e meeting. For example, when determining whether the scheduling offset from DCI to PDSCH is less than timeDurationForQCL or not, it can be considered to exclude skipped PDSCH(s) due to the collision with semi-static UL symbols.

Proposal #2: Consider the following approaches when all or some of PDSCHs scheduled by a single DCI have scheduling offset less than timeDurationForQCL.
· Approach 1: The scheduled PDSCHs that have scheduling offset less than timeDurationForQCL apply the same QCL parameter(s) used for the lowest index CORESET in the latest slot from the first scheduled PDSCH.
· Approach 2: If at least one of scheduled PDSCHs has scheduling offset less than timeDurationForQCL, all of scheduled PDSCHs apply the same QCL parameter(s) used for the lowest index CORESET in the latest slot from the first scheduled PDSCH.
· FFS when some of PDSCHs are collided with semi-static UL symbols and then skipped

	Agreement: (RAN1#104bis-e)
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



Regarding the applicability of beam indication to multi-TRP case, it would be beneficial that gNB has scheduling flexibility by supporting reliability enhancement with m-TRP transmissions on top of multi-PDSCH/PUSCH scheduling, as follows.
· SDM: Similar to Rel-16 mTRP, when DCI indicates two TCI states and two CDM groups, UE can apply SDM scheme for each scheduled PDSCH (or only for the first PDSCH).
· FDM scheme A/B or TDM scheme A: Similar to Rel-16 mTRP, when DCI indicates two TCI states and one CDM group, UE can apply FDM scheme A or B or TDM scheme A for each scheduled PDSCH (or only for the first PDSCH).
· 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 #3: For multi-TRP case, support to indicate two TCI states in a multi-PDSCH scheduling DCI and further study how to apply SDM/FDM/TDM schemes defined in Rel-16.
· FFS for multi-PUSCH scheduling DCI

3. 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 #4: 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

4. Conclusions
In this contribution, beam management enhancements to support NR from 52.6 GHz to 71 GHz were discussed, and the followings were proposed.

Proposal #1: When one of the values {224x4, 336x4} for 480 kHz or one of the values {224x8, 336x8} for 960 kHz is provided for beamSwitchTiming, define 192 symbols for 480 kHz or 384 symbols for 960 kHz as the beam switching threshold which is used to determine different QCL assumptions for triggered aperiodic CSI-RS depending on the offset between PDCCH and CSI-RS.
Proposal #2: Consider the following approaches when all or some of PDSCHs scheduled by a single DCI have scheduling offset less than timeDurationForQCL.
· Approach 1: The scheduled PDSCHs that have scheduling offset less than timeDurationForQCL apply the same QCL parameter(s) used for the lowest index CORESET in the latest slot from the first scheduled PDSCH.
· Approach 2: If at least one of scheduled PDSCHs has scheduling offset less than timeDurationForQCL, all of scheduled PDSCHs apply the same QCL parameter(s) used for the lowest index CORESET in the latest slot from the first scheduled PDSCH.
· FFS when some of PDSCHs are collided with semi-static UL symbols and then skipped
Proposal #3: For multi-TRP case, support to indicate two TCI states in a multi-PDSCH scheduling DCI and further study how to apply SDM/FDM/TDM schemes defined in Rel-16.
· FFS for multi-PUSCH scheduling DCI
Proposal #4: 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
[bookmark: _GoBack]

