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1	Prioritized issues
Although the input on Release-15 beam management is stabilizing, there are still several issues that needs to be clarified. In this summary, larger essential topics are brought forward for discussion.
Virtually all topics require technical discussion: there are opposing views.
The following topics are considered prioritized for offline discussion:
· Aperiodic CSI-RS – section 2.1
· Multi-slot – section 2.2
· Default QCL assumption – section 2.4.1
· Cross-carrier scheduling – section 2.5
· Selected UE features – section 2.6
It would also be beneficial to discuss the following topics offline:
· Action times for spatial relation based on aperiodic SRS – section 2.7, Proposal 14
· Scheduling delay for aperiodic SRS – section 2.8
· Report quantity for CSI-RS with repetition ‘on’ – section 2.9
For the following topics, there are no opposing views. Hopefully, it should be possible to bring these issues online without an offline discussion:
· Action time for spatial relation based on aperiodic CSI-RS – section 2.7, Proposal 13
· Correction to scheduling with DCI format 0_0 – section 2.10.1
Some topics belong in other AIs, or are considered by the moderator to be non-essential. These are collected in section 2.11.
2	Discussion
2.1	Aperiodic CSI-RS [1][2][4][6][7][9][10][13][14][15][17]
In RAN1#94, it was decided to allow scheduling of aperiodic CSI-RS at least for CSI acquisition with a scheduling threshold smaller than what is required for the UE to adjust its Rx beam, and instead apply a default QCL assumption. Several companies provide additional input on this topic.
2.1.1	Extend to CSI-RS for beam management [1][4][9][10][14]
The first topic is if the agreement from RAN1#94 should be extended to CSI-RS for beam management, or if such scheduling should be forbidden. 
Discuss the potential extension of the agreement to CSI-RS for beam management.
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2.1.2	Same or different thresholds [1][2][7][10][13][14]
In the agreement, there was an FFS on the actual threshold. The UE feature list [19] includes two relevant feature groups 2-2 (PDSCH beam switching) and 2-28 (A-CSI-RS beam switching timing). Some companies propose that the threshold corresponding to FG 2-2 is reused for the aperiodic CSI-RS, whereas other companies suggest using the FG 2-28.
The moderator notes that both FG are introduced to enable the UE to decode the DCI and adjust its Rx beam, which points to that the same threshold could be used. However, for various reasons, the candidate values are different for the two FGs. In addition, FG 2-2 has a dependency on the SCS, which is not present in FG 2-28. Hence, the moderator proposes
The threshold related to aperiodic CSI-RS is given by FG 2-28. 
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The moderator also notes that there is a need to define a name for this threshold, to be used in TS38.214, section 5.2.1.5.1.
2.1.3	Default QCL assumption [1][2][6][9][10][13][14][15][17]
The default QCL assumption the UE applies in case the scheduling delay is smaller than a threshold is still FFS. There are two alternatives:
Alternative 1: The default QCL assumption is the QCL assumption of the PDSCH where the CSI-RS symbols are mapped
Alternative 2: The default QCL assumption is directly derived from a CORESET.
Discuss alternative 1 and alternative 2 offline.
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2.1.4	Parameter range of scheduling offset
Current RRC specification only enables the specification of offsets up to 4 slots. This is too small to handle the larger values of the UE FG 2-28 (224 and 336 symbols). Obviously, one solution is to extend the value range of the offset parameter in RRC. That would then be a non-backwards compatible change. Other possibilities also exist, e.g., reinterpretation of the slot offset values. It is proposed to 
Discuss offline how to make it possible for the NW to take the larger values of the FG 2-28 into account when scheduling aperiodic CSI-RS. 
2.2	Multi-slot [2][9][10][15][17]
Some companies propose to clarify the QCL assumptions for multi-slot transmission of PDSCH and PUSCH. The fundamental question to answer is if the different slots may use different QCL assumptions or spatial relations. This could potentially happen if some of the slots in a multi-slot allocation are scheduled before a certain threshold, or if new TCI states are activated between two slots in a multi-slot allocation. Once the fundamental question is answered, it would be possible to proceed with the details. 
It is the understanding of the moderator that the standard currently allows changing QCL assumptions and spatial relations between slots. 
Discuss offline if it should be possible to change QCL assumptions and/or spatial relations between slots in a multi-slot allocation.
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2.3	CORESET#0 [4][7][9][11] [15]
Some companies bring forward issues related to CORESET#0, in particular if it CORESET#0 can be associated with TCI states. Some companies propose that TCI states can be configured for CORESET#0. It is the understanding of the moderator that the option of configuring TCI states for CORESET#0 using RRC is not possible using the current specification, and RAN1 has ruled out the possibility to introduce new RRC signalling or to modify the current RRC signalling.
Still, it may be possible to directly activate TCI states for CORESET#0 by directly referring to the TCI states defined in the PDSCHConfig. Some companies propose this. In addition, there are proposals to introduce limitations to the TCI states that can be activated. Other proposals are dependent on how the CORESET#0 issue is settled. 
In addition, contributions have been submitted also to AI 7.1.3 1, and the issue needs to be settled jointly. Hence
Discuss the applicability of TCI states to CORESET#0 jointly with the DL control session. 
2.4	QCL assumptions and spatial relations during transition periods [4][5][6][7][10][14][15][16][17][18]
Several companies discuss QCL assumptions and spatial relations during transition periods. Most proposals are related to the periodic between RRC re-configuration and MAC CE activation, whereas some are related to other transition periods.
2.4.1	Capturing previous agreement [1][4][14]
A few companies have identified that there is an agreement from RAN1#91 that has not been correctly captured in 38.214:
Agreement
Between initial RRC configuration and MAC CE activation of TCI states, the UE may assume that both PDCCH and PDSCH DMRS are spatially QCL-ed with the SSB determined during initial access

In 38.214, the word “initial” is missing, whereas the agreement is correctly captured in 38.213.
Including “initial” configuration of TCI states in a RAN1 specification may not be ideal, but the agreement exists and should be captured:
Capture the agreement on the spatial QCL assumptions between initial configuration of TCI states and MAC CE activation in 38.214.
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2.4.2	Clarify the behaviour between RRC re-configuration and MAC CE activation [4][5][6][7][10][15][16][17][18]
Several companies are bringing up the issue of QCL assumptions and spatial relations between RRC re-configuration. This issue has been discussed at several meetings, and it seems that the opinions of the various companies remain: the two options still have their respective proponents. As of now, the behaviour between RRC re-configuration and MAC CE activation will be up to UE implementation.
It is the moderator’s view that there is little point in spending online time on this topic. Given the input contributions, there is little point in discussing this in an offline session either.
The QCL assumptions and spatial relations between RRC re-configuration and MAC CE activation is up to UE implementation.
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If any company is able to produce a way forward with a reasonable chance of reaching consensus, it could be brought online, of course. 
2.5	Cross-carrier scheduling  [2][4][5][7][9][18]
So far, the issue of how to derive the default TCI state for cross-carrier scheduling is still open. The default would apply when tci-PresentInDci is not enabled for the CORESET and when the scheduling delay is below the threshold Threshold-Sched-Offset. Here there are basically four alternatives:
Alternative 1: The UE determines the TCI state from the lowest CORESET-ID from activated BWP of the scheduling cell of the PDSCH.
Alternative 2: The UE determines the TCI state from the lowest CORESET-ID from activated BWP of the cell with the lowest CC ID.
Alternative 3: The UE assumes that there is a CORESET is defined for every CC
Alternative 4: The UE assumes the PDSCH is received via one TCI state in activated subset of TCI states for receiving PDSCH in scheduled serving cell, e.g. codepoint 0 in TCI field.
Further discuss the technical merits of the above alternatives off-line.
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2.6	UE features [1][9][14][15]
Several companies highlight that some UE features would have to be discussed in the beam management agenda item.
2.6.1	FG 2-27 [1]
FG 2-27 (‘Beam switching’) was discussed already during RAN1#94, but without any conclusion. One company noted that it is unclear how the NW should use the information conveyed in this capability. It is suggested to use the following text proposal to TS 38.214 5.1.5 as starting point for the discussion:
UE is not expected to be configured with a number of changes of spatial domain filter within a slot that is larger than the UE capability reported in maxNumberRxTxBeamSwitchDL.
In addition, it is proposed that at least the following questions should be clarified:
1. When a SSB is configured for L1-RSRP measurement, should gNB assume UE will always perform 4 Rx beam sweeping within the SSB?
2. When a CSI-RS resource set is configured with repetition ON, should gNB assume UE will always perform N Rx beam sweeping on the CSI-RS resource set, where N is size of the CSI-RS resource set, regardless of the reported value in 2-26, i.e., ‘Recommended CSI-RS resource repetition number per resource set’?
3. When some or all CSI-RS/SRS resources within a CSI-RS/SRS resource set are not configured with TCI state or spatial relation, should gNB assume the UE Rx/Tx beams for these CSI-RS/SRS resources will be different from those already used in the current slot?
It is the view of the moderator that when the NW configures the UE with spatial relations or TCI states for reception of DL data, the UE should prioritize those configurations. The cases listed above, when the UE adjusts its beam autonomously are less prioritized: the UE may perform those on a best-effort basis. Of course, a sensible NW implementation may leave a sufficient number if beam switches for the UE to perform an adequate number of beam switches, but the decision is up to the NW. Still, this needs to be discussed offline: 
Discuss the above questions off-line with the aim to include the above text proposal into TS38.214.
	Company
	Comment

	
	

	
	

	
	



2.6.2	FG 2-59 [14]
One company noted that the motivation for introducing a limitation on the number of configured spatial relations is weak. This is a parallel discussion to the discussion on the maximum number of configured TCI states: the configured number of spatial relations is only a matter of storage at the UE, and for the cases where a large number of spatial relations is configured, there is also a large number of SRS or PUCCH resources configured. If there is a large number of SRS or PUCCH resources, the freedom to configure these resources with different spatial relations is really marginal. Hence it is proposed to
Remove FG 2-59.
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Note that this is in contrast to FG 2-60, where there will be impact on the UE complexity. 
2.6.3	FG 2-60 [14][15]
Two companies identified issues with FG 2-60. It was commented that that some spatial relations (‘cascaded spatial relations’ [15]) do not have any impact on the UE complexity.  Along the same lines, another company proposed that only DL RSs in spatial relations were counted. Furthermore, it was proposed that each distinct TCI state of A-CSI-RS should be counted as one active spatial relation when serving as spatial RS in spatial relation.
Further discuss FG 2-60 off-line.
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2.6.4	FG 2-4, 2-4a [9][15]
Two companies bring up one issue that is related to FG 2-4 and 2-4a. If a UE supports 1 active TCI state used by both PDSCH and PDCCH + 1 active TCI state used by PDCCH, the single active PDSCH TCI state may conflict with existing determination rule for active PDSCH TCI state in the presence of two active CORESET TCI states.  Clearly, with a single active TCI state for PDSCH, any indication in DCI would have to point to that single TCI state. The complications arise when DCI is not used to indicate the TCI state, in which case there are fallback rules that allows the UE to determine the PDSCH TCI state from different CORESET TCI states. Both companies propose that the PDSCH should use the single activated TCI state for PDSCH. However, the moderator notices that that approach would disable the ‘follow PDCCH’ configuration possibility: separate indication of the PDSCH TCI state would always be required. Another possibility would be to state that the PDSCH state would follow the TCI states of one of the CORESETs. A third possibility could be to make FG 2-4a optional, and state that two active TCI states for PDSCH is a requirement.
Discuss offline how to handle the case with a single active TCI state for PDSCH and two active TCI states for PDCCH.
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2.7 Action times for spatial relations based on aperiodic RSs [15]
Aperiodic reference signals can be used as spatial relations: both aperiodic SRS and aperiodic CSI-RS. One company noted that it is unclear when such a spatial relation becomes valid. It is the understanding of the moderator that this needs to be clarified for CSI-RS. Hence, it is proposed that
[bookmark: _Ref526345782]When the A-CSI-RS transmission is used to update spatial relation
a. Case 1: If no associated UL response, action time is defined as Y symbols after the end of A-CSI-RS
b. Case 2: If there is associated UL response, action time is defined as Y symbols after the end of UL response
c. In both cases 
i. Both gNB and UE assume updated spatial relation is ready after the action time
ii. Y is same for both cases and can reuse UE capability value of beam report timing in FG 2-25
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In many cases, an aperiodic SRS is configured with a spatial relation, which is simply a proxy. In this case, the spatial relation is not dependent on that the SRS is transmitted: it still applies. However, when the aperiodic SRS is not configured with a spatial relation, there may be a need to define an action time. Hence, it is proposed that
[bookmark: _Ref526347112]Further discuss the need for an action time the spatial relation based on an aperiodic SRS 
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2.8 Scheduling delay for aperiodic SRS [1]
One company has suggested that the scheduling delay for aperiodic SRS should be N2 for all use cases, not only for SRS in a resource set with usage set to ‘codebook’ or ‘antennaSwitching’  in frequency range 1. Here it is proposed that
The minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2.
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2.9	reportQuantity for NZP-CSI-RS-ResourceSet with repetition ‘ON’ [3][8][9] 
A few companies noted that the reporting for NZP-CSI-RS-ResourceSet with repetition ‘ON’ is unclear. Currently, 38.214 only states that CRI should not be reported, which implies that either CSI or L1-RSRP can be reported. There are two options: the reportQuantity may be restricted to ‘none’, or a clarification to the measurement could be added, to state to which symbol is measured.
Further discuss the reportQuantity for NZP-CSI-RS-ResourceSet with repetition ‘ON’ off-line.
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2.10	Editorial 
2.10.1 	Correction of PUSCH scheduling with DCI format 0_0 
In RAN1#94, it was agreed that DCI format 0_0 could not be used to schedule PUSCH on a cell without PUCCH. However, two companies noted that this not correct: it only applies when it is possible to schedule PUSCH with DCI format 0_1. Furthermore, only the PUCCH resources configured by the higher layer parameter PUCCHResourceSet have spatial relations. To clarify this, it is proposed
Agree to the following text proposal to 6.1.1:
For PUSCH scheduled by DCI format 0_0 on a cell, the UE shall transmit PUSCH according to the spatial relation, if applicable, corresponding to the dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell, as described in sub-clause 9.2.1 of [6, TS 38.213].  
Two transmission schemes are supported for PUSCH: codebook based transmission and non-codebook based transmission. The UE is configured with codebook based transmission when the higher layer parameter txConfig in PUSCH-Config is set to 'codebook', the UE is configured non-codebook based transmission when the higher layer parameter txConfig is set to 'nonCodebook'. If the higher layer parameter txConfig is not configured, the UE is not expected to be scheduled by DCI format 0_1. If PUSCH is scheduled by DCI format 0_0, the PUSCH transmission is based on a single antenna port. After initial access, Tthe UE shall not expect PUSCH scheduled by DCI format 0_0 in a component carrier without configured PUCCH resource with PUCCH-SpatialRelationInfo in frequency range 2.
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2.11	Other issues
2.11.1	Issues that should be discussed elsewhere
In the view of the moderator, the following proposal should be discussed under AI 7.1.2.4 (QCL):
If a TCI state for PDSCH indicates an AP CSI-RS resource as a QCL source, UE shall apply the QCL of the latest occasion of this AP CSI-RS prior to the OFDM symbol n-S, where symbol n is the first symbol of the scheduled PDSCH.[2]
· The value of S is reported as UE capability.
In the view of the moderator, the following proposals are related to Release-16 and should be discussed under AI 7.2.8.3:
Study the relevant scenario(s) and determine whether the activation command of MAC CE can be avoided in the identified scenario(s) for the dynamic beam indication of PDSCH.[12]
Study and determine whether or not NW can configure more than 2 SRS resources for codebook-based PUSCH.[12]
Study and specify how UE reports its capability regarding the support of multiple panels as an optional UE capability.[12]
For UE with multiple Tx panels, study and specify the potential mechanisms for efficient power consumption[12]
· E.g., signaling to support fast turn-off / turn-on of some panel(s)
For UE with multiple Tx panels, study and specify the beam indication signaling for PUSCH transmitted from one or multiple panels.[12]
For UE with multiple Tx panels, study and determine whether or not there are some issues regarding timing advance based on solid evaluations.[12]
Rel-15 beam management framework with L1-RSRP should be the starting point and the potential modification should be minimized.[12]
Only wideband L1-RSRQ or L1-SINR is supported for beam management in Rel-16.[12]
In the view of the moderator, the following text proposal to 38.214, section 5.1.5 should be discussed under AI 7.1.2.5 (Simultaneous reception and transmission): [1]
When the spatial QCL assumptions to be applied for receiving PDSCH on multiple CC(s) in one band of frequency range 2 are different, the UE should apply the spatial QCL assumption which is to be used for the CC with lowest ID in the same band for receiving PDSCH on the CC(s) in that band.
As RAN4 is handling the case on scheduling restrictions for PDCCH/PDSCH/SSB, tt is the view of the moderator that the following should also be handled by RAN4: [1]
The UE is not expected to be configured with NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'on' over the symbols during which UE is also configured to monitor the CORESET.
2.11.2		Other issues
The following proposals have been submitted to several meetings. It is the view of the moderator that this is up to UE implementation. 
In one SRS resource set configured with higher layer parameter SRS-SetUse = “BeamManagement”, if one SRS resource is not configured with higher layer parameter spatialRelationInfo, the UE shall transmit it with a spatial domain transmission filter that is different from the spatial domain transmission filter used on transmission of any other SRS resources in the same set.[10]
For UE without beam correspondence. For an SRS resource set configured with SRS-SetUse = ‘beamManagement’. The UE shall expect that either all or only one of the SRS resources within the SRS resource set are configured with the higher layer parameter spatialRelationInfo [15]
· In case of only one SRS resource is configured with spatialRelationInfo, UE shall transmit other resources by spatial filters whose directions are within a maximum angular spread around that of the resource with spatialRelationInfo configured, and the maximum angular spread is determined in RAN4
It is the view of the moderator that the following is already clear from the specification:
PUSCH should use the same spatial domain filter as configured for indicated SRS in DCI instead of the spatial domain filter applied in latest transmission of the indicated SRS.[9]
A configured parameter applies when it is used.
The following proposal has been brought forward before, and the chances to reach consensus seem small:
For PUSCH scheduled by DCI format 0_1, if the UE is configured with single SRS resource, then it shall use a default spatial relation corresponding to the spatial relation, if applicable, used by the PUCCH resource with the lowest ID configured in the active UL BWP. [7]
In [13], the issue of active BWP for spatial relations has been brought forward: 
Clarify ‘active BWP’ for SRS resource transmission including the resources corresponding to the parameters SRS-SpatialRelationInfo and associatedCSI-RS. [13]
It is the understanding of the moderator that an SRS or a CSI-RS resource can be located in another non-active BWP. The configuration possibilities are not dependent on when the latest transmission took place. Hence, no changes to the specification are needed.
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