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At RAN4#93, a WF [1] was agreed in which it was proposed that delay requirements for spatial relation switching would be included in the Rel-16 NR RRM enhancement WI. At the RAN#86 following the WG meeting, it was agreed to revise the WID [2] to also include spatial relation switching.Work phase
       […]
(8) Spatial relation switch for uplink
· Introduce the delay requirements for spatial relation switch for uplink channels and SRS


In this contribution we are providing our initial view on requirements for spatial relation switching delay.
Discussion
The spatial relation defines the spatial domain filter to be used by the UE when transmitting on the uplink. The reference is either a spatial DL reference signal (SSB, CSI-RS) or an UL reference signal (SRS).

A SRS resource may be configured with at most a single spatial relation. Thus for SRS, delay requirements for RRC-based reconfiguration of spatial relation for a single active SRS resource may be considered. Handling with respect to known/unknown DL reference signal may be considered when SRS-spatialRelationInfo is refering to a ssb-Index or csi-RS-Index. There is no need to consider the case where the spatial relation is with reference to another SRS, as a delay would be a secondary effect from failing to establish a spatial transmission filter for that other SRS.

A PUCCH may be configured with one or more spatial relations. In case multiple spatial relations are configured, a single spatial relation is selected by MAC-CE, similar to how TCI states are handled. Thus for PUCCH, delay requirements for RRC-based reconfiguration of a single spatial relation, as well as for MAC-CE selection of one out of multiple spatial relations, may be considered. Handling with respect to known/unknown DL reference signal may be considered when PUCCH-spatialRelationInfo is referring to a ssb-Index or csi-RS-Index.

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: 	Introduce spatial relation switching delay requirement for RRC-based reconfiguration of the spatial relation for a single active SRS resource.

Proposal 2: 	Introduce the following spatial relation switching delay requirements for PUCCH:
· RRC-based reconfiguration of a single spatial relation for PUCCH
· MAC-based switching of spatial relation for PUCCH

Proposal 3: 	No spatial relation switching delay requirements are introduced for PUSCH, as delays would be secondary effects from switching of spatial relation for SRS resource or PUCCH.

MAC-based switching of spatial relation for PUCCH


When PUCCH has been configured with multiple values for PUCCH-SpatialRelationInfo, the spatial relation to use is selected by MAC-CE. Upon receiving a spatial relation activation on PDSCH, the UE shall apply the corresponding spatial domain filter for transmissions of PUCCH in the first slot after slot , where k is the slot in which the UE would transmit HARQ ACK on PUCCH for the received MAC PDU, and µ is the SCS configuration of PUCCH.

When the activated spatial relation is with respect to a DL reference signal, i.e. a SSB or a CSI-RS, there may be a need to define handing with respect to known and unknown conditions, similar to the case for TCI state switching delay (38.133 clause 8.10.3). 

One question we may need to sort out is whether additional time, as for TCI state switching, is needed when the DL reference signal is known but not part of an active TCI state list for PDSCH.

In case additional time is needed, the UE behaviour needs to be defined for the time from anticipated switching according to RAN1 requirements, and actual switching defined by RAN4, if different.

Proposal 4: 	Use requirements for MAC-CE based TCI state switch delay (TS 38.133 clause 8.10.3) as starting point for delay requirements for MAC-CE-based switching to spatial relations with DL reference signal (SSB or CSI-RS). Address known/unknown condition. Address assumptions on whether DL reference signal needs to be part of tracked TCI state list for PDSCH. For MAC-CE based switching to spatial relation with UL reference signal (SRS), refer to RAN1 requirement.

RRC-based switching of single spatial relation for PUCCH

When PUCCH is configured with a single value of PUCCH-SpatialRelationInfo, the spatial relation may be reconfigured via RRC signalling (spatialRelationInfoToAddModList). When the reconfigured single spatial relation is with respect to a DL reference signal, i.e. a SSB or a CSI-RS, the scenario is similar to the corresponding TCI state switching delay (38.133 8.10.5). When receiving the PDSCH carrying the RRC reconfiguration, the UE needs time to parse and process the RRC message. 

Proposal 5: 	Use requirements for RRC-based TCI state switch delay (TS 38.133 clause 8.10.5) as starting point for delay requirements for RRC-based switching of single active spatial relation. Address known/unknown condition for the case of DL reference signal (SSB, CSI-RS). Address assumptions on whether DL reference signal needs to be part of tracked TCI state list for PDSCH.





Summary and Conclusion
In this contribution we have provided our intial view on delay requirements for spatial relation switching. The following proposals are made:
Proposal 1: 	Introduce spatial relation switching delay requirement for RRC-based reconfiguration of the spatial relation for a single active SRS resource.

Proposal 2: 	Introduce the following spatial relation switching delay requirements for PUCCH:
· RRC-based reconfiguration of a single spatial relation for PUCCH
· MAC-based switching of spatial relation for PUCCH

Proposal 3: 	No spatial relation switching delay requirements are introduced for PUSCH, as delays would be secondary effects from switching of spatial relation for SRS resource or PUCCH.

Proposal 4: 	Use requirements for MAC-CE based TCI state switch delay (TS 38.133 clause 8.10.3) as starting point for delay requirements for MAC-CE-based switching to spatial relations with DL reference signal (SSB or CSI-RS). Address known/unknown condition. Address assumptions on whether DL reference signal needs to be part of tracked TCI state list for PDSCH. For MAC-CE based switching to spatial relation with UL reference signal (SRS), refer to RAN1 requirement.

Proposal 5: 	Use requirements for RRC-based TCI state switch delay (TS 38.133 clause 8.10.5) as starting point for delay requirements for RRC-based switching of single active spatial relation. Address known/unknown condition for the case of DL reference signal (SSB, CSI-RS). Address assumptions on whether DL reference signal needs to be part of tracked TCI state list for PDSCH.
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