Page 1
3GPP TSG RAN WG1 Meeting #104-bis-e	R1-2103024
e-Meeting, April 12 – 20, 2021

Source:	Intel Corporation
Title:	Discussion on Beam management aspects for extending NR up to 71 GHz
Agenda item:	8.2.4
[bookmark: DocumentFor]Document for:	Discussion/Decision
[bookmark: _Ref506539118]Introduction
In previous RAN1 #104-e meeting, a number of agreements were made regarding beam management for extending NR up to 71 GHz which are listed below [1]:
	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, some further aspects related to beam management are discussed especially UE capabilities on beam switch timing in beam management procedure, multi-beam operation in case of multi-PDSCH transmission, UE assumptions on periodic RS transmission during LBT event, time gaps between signals/channels, etc.
Discussion on RRC Parameters Related to UE Capabilities on Beam Management
Beam management has been an integral part of NR since Release-15. The framework for beam management, developed during Release-15/16, is stable and mature and, therefore, could be considered as a baseline for the work related to beam management in WI on extending NR up to 71 GHz in Rel-17. At the same time, several enhancements of the beam management are being discussed within feMIMO Rel-17 WI. It’s assumed that the key functionality of Rel-17 beam management framework will be supported for all SCS including 480 kHz and 960 kHz. Therefore, NR extension up to 71 GHz will be also compliant with Rel-17 beam management framework. There would be no additional complexity to support Rel-15/16 beam management for NR extension up to 71 GHz because it should be supported anyway by the UE in FR2 for backwards compatibility purposes. In light of the latest agreements in RAN1 and based on the discussion above, the support of both Rel-15/16 and Rel-17 beam management for NR extension up to 71 GHz is assumed with basic understanding that all beam management enhancements to be introduced in Rel-17 will be handled within feMIMO WI and take properly into account new SCS values.
One of the issues arising when adapting Rel-15/16 beam management to NR extension up to 71 GHz is timing relationships associated with beam operation. For example, some UE capabilities for beam switching and beam reporting are defined in terms of the number of OFDM symbols assuming SCS 60 kHz and 120 kHz. Corresponding beam management parameters were identified in the previous RAN1 meeting to extend their definitions to larger SCS values of 480 kHz and 960 kHz. In Table 2‑1 below, some of such parameters related to timing and a number of beam switches are provided with their current values and the values proposed for new SCSs.
[bookmark: _Ref61796495]Table 2‑1. Beam management parameters
	Index
	Feature group
	Parameter field name in TS 38.331 and its explanation
	Rel-15/16 values
	Proposed values

	2-2
	PDSCH beam switching
	timeDurationForQCL
Time duration to determine and apply spatial QCL information for corresponding PDSCH reception.
	Candidate value set for 60 kHz is {7, 14, 28} OFDM symbols.
Candidate value set for 120 kHz, {14, 28} OFDM symbols
	Candidate value set for 480 kHz is {28, 56, 112} OFDM symbols.
Candidate value set for 960 kHz, {56, 112} OFDM symbols

	2-25
	Beam reporting timing
	beamReportTiming
The number of symbols between the last symbol of SSB/CSI-RS and the first symbol of the transmission channel containing beam report
	For SCS 15 kHz is {2, 4, 8} OFDM symbols.
For SCS 30 kHz is {4, 8, 14, 28} OFDM symbols.
For SCS 60 kHz is {8, 14, 28} OFDM symbols.
For SCS 120 kHz is {14, 28, 56} OFDM symbols.
	For SCS 480 kHz is {56, 112, 224} OFDM symbols.
For SCS 960 kHz is {112, 224, 448} OFDM symbols.

	2-27
	Beam switching
	maxNumberRxTxBeamSwitchDL
Maximum number of Tx + Rx beam changes a UE can conduct during a slot across the whole band CC.
	{4, 7, 14} switches
	{2, 4, 7, 14} switches

	2-28
	A-CSI-RS beam switching timing
	beamSwitchTiming
Minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission.
	For SCS 60 kHz and 120 kHz is {14, 28, 48, 224, 336} OFDM symbols.
	For SCS 480 kHz and 960 kHz {112, 224, 336, 672} OFDM symbols.



The main principle to extend the definition of beam management parameters from Table 2‑1 for SCS 480 kHz and 960 kHz is to scale up the corresponding values for smaller SCS, e.g., 60 kHz and 120 kHz, with minimal exceptions. Thus, for UE capability timeDurationForQCL, 28 and 56 OFDM symbols are added for SCS 480 kHz and 960 kHz, respectively, assuming some progress in spatial QCL processing for PDSCH reception in NR extension from 52.6 GHz up to 71 GHz. For UE capability maxNumberRxTxBeamSwitchDL, an additional value of 2 switches per slot is added taking into account the reduced slot duration time for SCS 480 kHz and 960 kHz. For UE capability beamSwitchTiming, some directly scaled up values of SCS 60 kHz and 120 kHz would give rather large values for SCS 480 kHz and 960 kHz which would result in large number of slots and, thus, complicate scheduling in NR extension up to 71 GHz. To avoid that, the large scaled numbers of OFDM symbols for SCS 480 kHz and 960 kHz numerologies are excluded. The provided examples lead to the proposal below.
Proposal 1: Modify the following RRC parameters to account UE capabilities for beam management with updated values corresponding to SCS 480 kHz and 960 kHz:
· for timeDurationQCL: Candidate value set for 480 kHz is {28, 56, 112} OFDM symbols, candidate value set for 960 kHz, {56, 112} OFDM symbols;
· for beamReportTiming: Candidate value set for 480 kHz is {56, 112, 224} OFDM symbols, candidate value set for 960 kHz, {112, 224, 448} OFDM symbols;
· for beamSwitchTiming: Candidate value set for 480 kHz and 960 kHz is {112, 224, 336, 672} OFDM symbols;
· for maxNumberRxTxBeamSwitchDL: Candidate value set is {2, 4, 7, 14} switches.
Another timing parameter related to operation with multiple beams, which value has not been defined for larger SCS, is the additional beam switching delay . According to Section 5.1.5 from TS 38.214 [2], it is used to provide an additional delay, equal to , to the timeDurationQCL in case of scheduling PDCCH and the scheduled PDSCH are on different component carriers (i.e., cross-carrier scheduling) and . Another application point of the parameter  is described in Section 5.2.1.5.1a [2] for the case when the triggering PDCCH and the triggered aperiodic CSI-RS are of different numerologies and . There is the additional delay  provided to the beamSwitchTime. The current values of parameter  are defined up to SCS 60 kHz and given in Table 5.2.1.5.1a-1 [2]. In Table 2‑2, they are augmented with the values for SCS 120 kHz and 480 kHz according to a simple scaling principle while trying to avoid large numbers at the same time.
[bookmark: _Ref68604542]Table 2‑2. Additional beam switching timing delay d. Proposed values are marked with red color.
	µPDCCH
	d [PDCCH symbols]

	0
	8

	1
	8

	2
	14

	3
	[14]

	5
	[56]


Proposal 2: For additional beam switching delay , support [14] PDCCH symbols when  (SCS 120 kHz), support [56] PDCCH symbols when  (SCS 480 kHz).

Discussion on Gaps between Channels/Signals
Increase of SCS in NR extension from 52.6 GHz up to 71 GHz results in shrinking the CP length. Because of that the duration of CP may not be utilized sufficiently as the transient time interval during beam switching. To address this issue, some time gap may be helpful between OFDM symbols transmitted/received with different beams. Obviously, one type of the signals, which immediately benefits from time gap introduction, is SS burst transmitted with beam sweeping across its SSBs when large SCS is used. In this case, gaps between consecutive SSBs are configured by SSB to OFDM symbols within a slot mapping patterns as discussed in our companion contribution [3]. Another possible situation where time gaps may be needed is PDSCH transmission using one beam which is alternated by CSI-RS transmission using another beam to perform certain beam measurements. In this case two gaps are allocated before the CSI-RS and after CSI-RS in the time domain as illustrated in Figure 1. One OFDM symbol could be sufficient for a single gap duration.


[bookmark: _Ref68649365]Figure 1. Illustration of time gaps before and after CSI-RS transmission

However, it is observed that such kind of gaps could be already configured relying on rate matching (RM) configuration framework. An alternative solution to configure the gap is to use multiple ZP-CSI-RS resources with RE patterns interlacing in the frequency domain (to effectively exclude the entire OFDM symbol from PDSCH transmission).
Observation 1: For larger SCS, the configuration of time gaps between PDSCH and CSI-RS does not require new specification work as the gaps could be configured relying on existing NR mechanisms.
Discussion on QCL Assumptions and TCI States for Multi-PDSCH/PUSCH Transmission
The motivation to enable multi-PDSCH transmission scheduled with a single DCI is to reduce extra burden incurred by frequent scheduling and corresponding PDCCH transmissions. However, potential savings promised by multi-PDSCH transmission could be deteriorated if the size of scheduling DCI increases significantly. This could happen if separate indication of TCI state(s) per each PDSCH is included in the scheduling DCI. Such kind of operation should be avoided by signalling a common TCI state (or TCI states in case of mutli-TRP) used by all scheduled PDSCHs in the DCI.
Proposal 3: For multi-PDSCH scheduling with single DCI, separate indication of TCI state (or TCI states in case of multi-TRP) per each scheduled PDSCH or subset of scheduled PDSCH transmissions is not supported.
Similar approach could be applied to UL case.
Proposal 4: For multi-PUSCH scheduling with single DCI, separate indication of SRI and TCI states per each scheduled PUSCH or subset of scheduled PUSCH transmissions is not supported.
In case of multi-PDSCH transmission, an important aspect is QCL assumption(s) the UE should apply when scheduling offset of some PDSCH(s) is less than timeDuraionForQCL. It can be reformulated in terms of the default QCL assumption(s) (e.g., the default beam) the UE can use when the TCI state(s) indication from DCI is not available or not ready. One solution here is to specify UE behavior in case of multi-PDSCH in such a way that one TCI state from the semi-statically configurated PDSCH TCI states for the UE corresponds to the default QCL assumption. For example, it could be a TCI state with the lowest ID or TCI state normally corresponding to the lowest codepoint of the TCI bit field from the scheduling DCI.
When the PDSCHs from multi-PDSCH transmission have scheduling offset greater than timeDurationForQCL and the parameter tci-PresentInDCI is enabled, the UE should apply QCI assumption(s) indicated in the scheduling DCI for all these PDSCHs.
Proposal 5: When scheduling offset of PDSCH from multi-PDSCH transmission is greater than timeDuraionForQCL and tci-PresentInDCI is enabled, the UE should apply QCI assumption(s) indicated in the scheduling DCI. Otherwise, the UE should apply the default QCL assumption(s) which corresponds to one of the semi-statically configured PDSCH TCI states for the UE.
· FFS: Which TCI state from the dedicated UE configuration is the default.

Discussion on UE Assumptions on Periodic Signal Transmission and LBT Operation
In the latest RAN1 meeting, some discussion happened around handling periodic reference signal (RS) transmissions in case of LBT events. It was identified that inability to transmit periodic RS due to LBT failure could be interpreted at the receiver as beam failure since the measurements of periodic RS are actively used for beam failure detection. Among the proposals there were even ones to introduce a mechanism to distinguish between LBT failures and beam failures. However, the existing well-defined procedures for beam failure detection (BFD) and beam failure recovery (BFR) could be used by the UE to implicitly determine highly congested Tx beam and select another one less congested. Particularly, multiple LBT failures, happened at L1 during the configured time interval (determined by the BFD timer), cause a number of beam failure indications at MAC level so that the threshold beamFailureInstanceMaxCount is exceeded and BFR is triggered. These multiple LBT failures during the limited period are good evidence that a particular beam is highly congested, and UE would rather switch to another beam.
Proposal 6: No special handling of periodic RS transmissions is needed to address interruptions due to LBT failure as well as no special means are needed to distinguish between LBT failures and beam failures.

Conclusions
In this contribution, we discussed some beam management aspects in particular timing relationships relevant for beam operation in NR extension from 52.6 GHz up to 71 GHz. Additionally, we presented our views on time gaps between signals/channels, multi-PDSCH/PUSCH transmission and UE assumptions on QCL, periodic transmission of RS in case of LBT events. The following is a summary of the observation and proposals:

Observation 1: For larger SCS, the configuration of time gaps between PDSCH and CSI-RS does not require new specification work as the gaps could be configured relying on existing NR mechanisms.

Proposal 1: Modify the following RRC parameters to account UE capabilities for beam management with updated values corresponding to SCS 480 kHz and 960 kHz:
· for timeDurationQCL: Candidate value set for 480 kHz is {28, 56, 112} OFDM symbols, candidate value set for 960 kHz, {56, 112} OFDM symbols;
· for beamReportTiming: Candidate value set for 480 kHz is {56, 112, 224} OFDM symbols, candidate value set for 960 kHz, {112, 224, 448} OFDM symbols;
· for beamSwitchTiming: Candidate value set for 480 kHz and 960 kHz is {112, 224, 336, 672} OFDM symbols;
· for maxNumberRxTxBeamSwitchDL: Candidate value set is {2, 4, 7, 14} switches.

Proposal 2: For additional beam switching delay , support [14] PDCCH symbols when  (SCS 120 kHz), support [56] PDCCH symbols when  (SCS 480 kHz).

Proposal 3: For multi-PDSCH scheduling with single DCI, separate indication of TCI state (or TCI states in case of multi-TRP) per each scheduled PDSCH or subset of scheduled PDSCH transmissions is not supported.

Proposal 4: For multi-PUSCH scheduling with single DCI, separate indication of SRI and TCI states per each scheduled PUSCH or subset of scheduled PUSCH transmissions is not supported.

Proposal 5: When scheduling offset of PDSCH from multi-PDSCH transmission is greater than timeDuraionForQCL and tci-PresentInDCI is enabled, the UE should apply QCI assumption(s) indicated in the scheduling DCI. Otherwise, the UE should apply the default QCL assumption(s) which corresponds to one of the semi-statically configured PDSCH TCI states for the UE.
· FFS: Which TCI state from the dedicated UE configuration is the default.

Proposal 6: No special handling of periodic RS transmissions is needed to address interruptions due to LBT failure as well as no special means are needed to distinguish between LBT failures and beam failures.
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