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Discussions on delay requirements for spatial relation change of PUCCH, PUSCH and SRS were initiated at RAN4#94e. A number of tentative agreements were made and captured in a way forward document [2], which eventually did not get agreed due to concerns raised just before closing of the second round. 
In this contribution we are firstly addressing the concerns (as we understand them), and secondly providing feedback on the issues raised in the WF [2].
Discussion
About tentative agreements from RAN4#94-e
At RAN4#94-e, there was strong support for the following:
· Define MAC CE-based spatial relation info switching delay for PUCCH
· Define RRC-based spatial relation info switching delay for P-SRS
· Define DCI-based spatial relation switching delay for A-SRS
· When spatial relation info is associated with DL-RS
· For unknown TCI state, there are no requirements
· For known TCI state, refer to RAN1 specification
· No requirements are defined for spatial relation info switching delay for PUSCH
· No requirements are defined for spatial relation switching of PUCCH when PUCCH-SpatialRelationInfo is not configured
At the end of the second round some concern was raised on that it was about to get agreed that for some cases, no requirements were to be introduced (highlighted).
Spatial relation info switching for PUSCH
PUSCH may be configured to use the spatial domain transmission filter associated with a particular PUCCH (dedicated PUCCH resource with lowest ID in the concerned BWP), applicable when scheduled using a DCI format 0_0, or a SRS resource may be dynamically indicated by SRI when scheduled using DCI format 0_1. For the latter, the UE shall use the spatial domain transmission filter associated with most recent transmission of the indicated SRS resource that has occurred before reception of the PDCCH in which it was indicated. Thus for PUSCH, the spatial filter depends on the PUCCH or SRS, and thus can be considered known to the UE. Failure to synchronize to a DL reference signal and thus to establish a spatial domain transmission would be on the part of PUCCH or SRS, and therefore need not to be accounted for for PUSCH.

Proposal 1: No requirement is introduced for spatial relation switching delay of PUSCH, as the spatial relation depends on PUCCH or SRS and failure to establish the spatial transmission filter would happen for PUCCH or SRS rather than for PUSCH.
Spatial relation switching of PUCCH when PUCCH-SpatialRelationInfo is not configured

From TS 38.213:
[bookmark: _Toc12021477][bookmark: _Toc20311589][bookmark: _Toc26719414][bookmark: _Toc29894849][bookmark: _Toc29899148][bookmark: _Toc29899566][bookmark: _Toc29917303][bookmark: _Toc36498177]9.2.2	PUCCH Formats for UCI transmission
[…]
A spatial setting for a PUCCH transmission is provided by PUCCH-SpatialRelationInfo if the UE is configured with a single value for pucch-SpatialRelationInfoId; otherwise, if the UE is provided multiple values for PUCCH-SpatialRelationInfo, the UE determines a spatial setting for the PUCCH transmission as described in [11, TS 38.321]. The UE applies corresponding actions in [11, TS 38.321] and a corresponding setting for a spatial domain filter to transmit PUCCH in the first slot that is after slot [image: ] where [image: ] is the slot where the UE would transmit a PUCCH with HARQ-ACK information with ACK value corresponding to a PDSCH reception providing the PUCCH-SpatialRelationInfo and [image: ] is the SCS configuration for the PUCCH
-	If PUCCH-SpatialRelationInfo provides ssb-Index, the UE transmits the PUCCH using a same spatial domain filter as for a reception of a SS/PBCH block with index provided by ssb-Index for a same serving cell or, if servingCellId is provided, for a serving cell indicated by servingCellId 
-	else if PUCCH-SpatialRelationInfo provides csi-RS-Index, the UE transmits the PUCCH using a same spatial domain filter as for a reception of a CSI-RS with resource index provided by csi-RS-Index for a same serving cell or, if servingCellId is provided, for a serving cell indicated by servingCellId
-	else PUCCH-SpatialRelationInfo provides srs, the UE transmits the PUCCH using a same spatial domain filter as for a transmission of a SRS with resource index provided by resource for a same serving cell and/or active UL BWP or, if servingCellId and/or uplinkBWP are provided, for a serving cell indicated by servingCellId and/or for an UL BWP indicated by uplinkBWP
If a UE
-	reports beamCorrespondenceWithoutUL-BeamSweeping, 
-	is not provided pathlossReferenceRSs in PUCCH-PowerControl, 
-	is provided enableDefaultBeamPlForPUCCH, and 
-	is not provided PUCCH-SpatialRelationInfo, 
a spatial setting for a PUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the PCell.
[…]
It can be observed that in the RAN1 specification, it is only when a number of conditions are fulfilled that a UE is to transmit on PUCCH without having been configured with a spatial relation. For that particular case, the UE is to use a spatial transmission filter that is derived from reception of one of PDCCH in one of the CORESETs. In case the spatial property of the PDCCH changes, so would the spatial transmission filter for PUCCH. We do not see that we need a test case for this. If it still would be unclear under which conditions a UE may operate without a spatial relation configuration, we suggest that RAN4 asks RAN1 for a clarification.
Proposal 2a: No requirement is introduced for spatial relation switching delay of PUCCH when PUCCH-SpatialRelationInfo is not configured.
Proposal 2b: In case the conditions under which a UE can operate without PUCCH-SpatialRelationInfo configured are still unclear, RAN4 shall ask RAN1 for clarification. After clarification, RAN4 may again discuss whether to introduce spatial relation switching delay requirements for PUCCH for the case when PUCCH-SpatialRelationInfo is not configured.
  About Way Forward from RAN4#94-e
Whether to define delay requirement for spatial relation info switching associated with UL SRS

The scenarios listed in the WF are as follows:

	#
	Scenario
	Whether to introduce requirement

	2
	PUCCH-RRC-UL
	FFS

	4
	PUCCH-MAC-UL
	FFS

	7
	pSRS-RRC-UL
	FFS

	9
	spSRS-MAC-UL
	FFS

	11
	aSRS-DCI-UL
	FFS



For all those cases, it is a matter of that a spatial relation is with reference to a SRS, which in turn may be in a spatial relation to another SRS or a DL RS. From requirement perspective, we can assume that the SRS to which the spatial relation is switched, is known and has been transmitted. The remaining question is then whether we need to specify the time at which the UE shall have applied the new spatial transmission filter.

For the PUCCH case, a RRC-based switching delay requirement may be considered similar to how we have RRC-based switching delay requirement for TCI state change of PDCCH. There is however already a RAN1/RAN2 requirement on RRC processing time for reconfiguration, so in case no additional time is needed or applying the new spatial transmission filter, it would make little sense to introduce an identical RAN4 requirement.

For MAC-based switching delay requirement, the RAN1 specification already states the UE behaviour an additional RAN4 requirements may be superfluous. 

Similarly, for periodic SRS, where RRC-based switching is the only option, a switching delay requirement may be considered.

For semi-peristent SRS and for aperiodic SRS is seems both are switched using MAC commands. At least for aperiodic SRS, the timeline has been specified by RAN1 TS 38.214 clause 6.2.1:

[…]

For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'aperiodic':
[…] 
-	[…] If the higher layer parameter spatialRelationInfo contains the ID of a reference 'srs', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the transmission of the reference periodic SRS or of the reference semi-persistent SRS or of the reference aperiodic SRS. […]
-	when a UE receives an spatial relation update command, as described in clause 6.1.3.xx of [10, TS 38.321], for an SRS resource, and when the HARQ-ACK corresponding to the PDSCH carrying the update command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions on updating spatial relation for the SRS resource shall be applied for SRS transmission starting from the first slot that is after slot  
[…]

When a spatialRelationInfo is activated/updated for a semi-persistent or aperiodic SRS resource configured by the higher layer parameter SRS-Resource by a MAC CE for a set of CCs/BWPs, where the applicable list of CCs is indicated by higher layer parameter [applicableCellList], the spatialRelationInfo is applied for the semi-persistent or aperiodic SRS resource(s) with the same SRS resource ID for all the BWPs in the indicated CCs.
[…]
Proposal 3: 	Introduce switching delay requirements for PUCCH-RRC-UL and pSRS-RRC-UL only if those delays exceed the RRC processing delay – otherwise refer to RAN1/RAN2. Refer to RAN1 requirements for switching delay for PUCCH-MAC-UL, spSRS-MAC-UL and aSRS-MAC-UL. If needed, ask RAN1 for clarification on switching delay for spSRS-MAC-UL.


Whether to define delay requirement for RRC based spatial relation info switching with DL-RS for PUCCH


	#
	Scenario
	Whether to introduce requirement

	1
	PUCCH-RRC-DL
	FFS



As there are corresponding requirement for RRC-based TCI state switching of single active TCI state for PDCCH, for consistency, it may be considered also for spatial relation switching of PUCCH with DL-RS.

Proposal 4: 	Introduce switching delay requirement for PUCCH-RRC-DL. Target DL-RS may be known or unknown.

Delay requirement for MAC CE based spatial relation info switching associated with DL-RS for PUCCH

· For known TCI state 
· Option 1: THARQ +3ms
· Option 2: THARQ +3ms + time for time tracking if applicable
· Option 3: UE to switch beams at THARQ + 3ms (RAN1 specification). Performance guaranteed (in terms of timing etc) after reception 1 SSB(similar to TCI state switching) 
· For unknown TCI state
· Option 1: THARQ + 3ms + TL1-RSRP
· Option 2: THARQ + 3ms + TL1-RSRP + time for time tracking if applicable
· Option 3: No requirement

Similar to MAC-CE based TCI state switching for PDCCH, we may consider both known and unknown DL-RS. The question here is rather whether to go for Option 1 or Option 2. In our view, a further discussion on DL timing management in a UE is needed before we can decide. Different uplink channels may use different spatial relations, by which it becomes unclear what happens when toggling between transmitting on PUCCH and PUSCH.

Proposal 5:	Introduce delay requirements for MAC-based switching of PUCCH for both known and unknown DL-RS. Further discuss downlink timing management before deciding which options to go for.


Delay requirement for RRC based spatial relation info switching associated with DL-RS for P-SRS

· For known TCI state 
· Option 1: Define delay based on RRC based TCI state switching requirements
· Option 2: TRRCprocessing (timing is not required)
· Option 3: No requirements
· For unknown TCI state
· Option 1: Define delay based on RRC based TCI state switching requirements
· Option 1a: TRRCprocessing + TL1-RSRP
· Option 2: No requirements

Similar to RRC-based switching of single active TCI state for PDCCH, we may consider RRC-based spatial relation switching for P-SRS with DL-RS. For this scenario, DL-RS may be known or unknown. Before deciding on which options to go for, we think a further discussion on DL timing management in a UE may be needed (see above).

Proposal 6:	Introduce delay requirements for RRC-based switching of P-SRS for both known and unknown DL-RS. Further discuss downlink timing management before deciding which options to go for.

Delay requirement for RRC based spatial relation info switching associated with SRS for P-SRS (if agreed)
· Option 1: TRRCprocessing 
· Option 2: No requirements

For RRC-based switching of P-SRS with SRS, we can consider a requirement that is based on that the spatial transmission filter associated with the target SRS is known. Hence the question is whether TRRCprocessing would be enough for the reconfiguration, or whether the UE needs additional time before it can apply the new spatial relation. If no additional time is needed, then a RAN4 requirement would not be different from a RAN1/RAN2 requirement (RRC processing time). 

Proposal 7: 	Introduce RRC-based spatial relation switching delay requirement for P-SRS with target SRS only if the time differs from RRC processing time. Otherwise refer to RAN1/RAN2 specification.

Whether to define delay requirement for MAC CE based spatial relation info switching with DL-RS for SP-SRS
· Option 1: Yes
· Option 2: No

For MAC-based spatial relation switching of SP-SRS with target DL-RS, RAN4 requirements may be needed since the target DL-RS may be known or unknown. In case it is unknown, the spatial transmission filter is yet to be determined.

Proposal 8:	Introduce MAC-based switching delay requirement for SP-SRS with target DL-RS. Target DL-RS may be known or unknown.  

Delay requirement for MAC CE based spatial relation info switching associated with SRS for PUCCH (if agreed)
· Option 1: THARQ +3ms
· Option 2: Deprioritize 
· Option 3: Refer to RAN1 requirement

Proposal 9: 	For MAC-based switching of PUCCH with target SRS, refer to RAN1 specification for the switching delay.

When the UL signal has spatial relation to an unknown TCI-state,
· Option 1: UE transmits with previous TX beam/ arbitrary beam 
· Option 1a: UE transmits using previous TX beam
· Option 2: Up to UE implementation
· Option 3: UE behaviour shall not be specified for the period until TCI state becomes known.

For this issue we may need some further discussion. It seems there are two options (Option1/1a and Option2/3). Suppose that the UE has changed position and rotation, and that this leads to that the target TCI state becomes unknown. Can the UE still track the TCI state that is defining the previous Tx beam in Option1/1a? At the moment it is not very clear to us what would be the difference in impact on the system by any of the outlined options. 
Summary and Conclusion
In this contribution we have followed up on the discussion from RAN4#94e on spatial relation switching delay requirements.
Based on the noted WF [2], the following proposals were made:
Proposal 1: No requirement is introduced for spatial relation switching delay of PUSCH, as the spatial relation depends on PUCCH or SRS and failure to establish the spatial transmission filter would happen for PUCCH or SRS rather than for PUSCH.
Proposal 2a: No requirement is introduced for spatial relation switching delay of PUCCH when PUCCH-SpatialRelationInfo is not configured.
Proposal 2b: In case the conditions under which a UE can operate without PUCCH-SpatialRelationInfo configured are still unclear, RAN4 shall ask RAN1 for clarification. After clarification, RAN4 may again discuss whether to introduce spatial relation switching delay requirements for PUCCH for the case when PUCCH-SpatialRelationInfo is not configured.
Proposal 3: 	Introduce switching delay requirements for PUCCH-RRC-UL and pSRS-RRC-UL only if those delays exceed the RRC processing delay – otherwise refer to RAN1/RAN2. Refer to RAN1 requirements for switching delay for PUCCH-MAC-UL, spSRS-MAC-UL and aSRS-MAC-UL. If needed, ask RAN1 for clarification on switching delay for spSRS-MAC-UL.

Proposal 4: 	Introduce switching delay requirement for PUCCH-RRC-DL. Target DL RS may be known or unknown.

Proposal 5:	Introduce delay requirements for MAC-based switching of PUCCH for both known and unknown DL-RS. Further discuss downlink timing management before deciding which options to go for.

Proposal 6:	Introduce delay requirements for RRC-based switching of P-SRS for both known and unknown DL-RS. Further discuss downlink timing management before deciding which options to go for.

Proposal 7: 	Introduce RRC-based spatial relation switching delay requirement for P-SRS with target SRS only if the time differs from RRC processing time. Otherwise refer to RAN1/RAN2 specification.

Proposal 8:	Introduce MAC-based switching delay requirement for SP-SRS with target DL-RS. Target DL-RS may be known or unknown.

Proposal 9: 	For MAC-based switching of PUCCH with target SRS, refer to RAN1 specification for the switching delay.
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