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1. Introduction 
In RAN4#97e UL spatial relation info requirements were discussed and concluded. In this contribution we discuss some of the issues related to core requirements for UL spatial relation info switch.
2. Discussion
In Rel-16 requirements for Uplink Spatial relation info switch delay requirements were introduced for spatial relation switch associated with a DL-RS. RRC, MAC-CE and DCI based switch are introduced for PUCCH, periodic SRS, SP-SRS and aperiodic SRS. The known condition definition and delay requirements are captured in section 8.12 of TS 38.133. The delay requirements are the same for the same trigger method for different UL signals. Delay requirements for MAC -CE based switch is the same for semi-persistent SRS and PUCCH. However, in TS 38.331, the IE for spatial relation for PUCCH includes pathloss reference RS: 
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Observation #1: The PUCCH-SpatialRelationInfo IE includes PUCCH-PathlossReferenceRS.
This implies that a UL spatial relation switch for could also change the pathloss RS. However, the known condition definition or the UL spatial relation info switching delay for PUCCH doesn’t consider pathloss RS.
Observation #2: The known condition definition and UL spatial relation info switching delay for PUCCH doesn’t consider Pathloss RS.
In order to complete the core requirements definition for UL spatial relation switch, we need to consider the pathloss RS in the target UL spatial relation info for PUCCH in the known condition and delay requirement.
Proposal #1: Consider the pathloss RS in target spatial relation info for PUCCH spatial relation info switch requirements.
Known Condition
The known condition definition for PUCCH spatial relation info switch should consider the pathloss RS in the target spatial relation info. The known condition is mainly to determine if the RX beam for the target spatial relation is known. Since we define requirements only for the case when target spatial relation is associated with a DL-RS, the known condition would be based on whether the DL-RS in the target spatial relation info and pathloss RS are in the same TCI chain with QCL Type D. 
For the case when pathloss RS and DL-RS of target spatial relation for PUCCH are in the same TCI chain with QCL type D, the same known or unknown condition would apply to both DL-RS associated with target spatial relation info and the pathloss RS. 
Observation #3: If the DL-RS associated with target spatial relation info and pathloss RS are in the same TCI chain with QCL TypeD, the same known/unknown conditions would apply to both RSs.
When the DL-RS associated with target spatial relation info and associated pathloss RS are in the same TCI chain with QCL TypeD, the existing definition of known condition based on DL-RS is sufficient for PUCCH spatial relation info.
Proposal #2: When the DL-RS associated with target spatial relation info for PUCCH and associated pathloss RS are in the same TCI chain with QCL TypeD, existing known definition based on DL-RS is sufficient.
On the other hand, when the DL-RS associated with target spatial relation info and associated pathloss RS are not in the same TCI chain, the known definition should consider both associated DL-RS and associated PL-RS. 
Proposal #3: When the DL-RS associated with target spatial relation info for PUCCH and associated pathloss RS are not in the same TCI chain, the known definition should consider both associated DL-RS and associated PL-RS.
The known condition could be based on the following combination:
Table 1: Known condition for target spatial relation
	Associated DL-RS
	Associated Pathloss RS
	Target Spatial Relation Info

	Known
	Known
	Known

	Known
	Unknown
	Unknown

	Unknown
	Known
	Unknown

	Unknown
	Unknown
	Unknown



The target spatial relation is known if both the associated DL-RS and associated pathloss RS are known. The target spatial relation is unknown if either the associated DL-RS or the associated pathloss RS is unknown.
Proposal #4: When the DL-RS associated with target spatial relation info for PUCCH and associated pathloss RS are not in the same TCI chain, the target spatial relation is known if both the associated DL-RS and associated pathloss RS are known.
Proposal #5: When the DL-RS associated with target spatial relation info for PUCCH and associated pathloss RS are not in the same TCI chain, the target spatial relation is unknown if either the associated DL-RS or associated pathloss RS is unknown.

Delay Requirements
The delay requirement for PUCCH spatial relation info switch should consider if the target spatial relation is known. In addition, it should also consider if the associated pathloss RS is previously measured or maintained by the UE. 
DL-RS associated with target spatial relation info for PUCCH and associated pathloss RS are in the same TCI chain
When the associated DL-RS and PL-RS are in the same TCI chain, the known/unknown condition is based on the associated DL-RS alone. In addition to the MAC CE decoding time or RRC processing delay, the delay for spatial relation switch should consider the RX beam refinement time for the target UL spatial relation and also time for pathloss RS activation delay.
Table 2: Additional delay for RSs in same TCI chain
	Target Spatial relation
	Pathloss RS maintained
	Pathloss RS not maintained

	Known
	0
	PL-RS activation delay

	Unknown
	N/A
	TL1-RSRP + PL-RS activation delay


 
In the above table the case when spatial relation is known, and PL-RS is maintained would not be possible if the associated DL-RS and PL-RS are in the same TCI chain. If the PL-RS is maintained, it would have to meet the known condition.
For PUCCH spatial relation info switch, with associated DL-RS and PL-RS of target spatial relation info in the same TCI chain, the switching delay for MAC-CE based switch shall be defined as:
THARQ + 3ms; if Spatial relation is known and PL-RS is maintained
THARQ + 3ms + 5*TPL-RS + 2ms; if Spatial relation is known and PL-RS is not maintained
THARQ + 3ms + TL1-RSRP + 5*TPL-RS + 2ms; if Spatial relation is unknown and PL-RS is not maintained

Proposal #6: Define delay requirements for MAC CE based switch when associated DL-RS and PL-RS of target spatial relation info are in the same TCI chain as: 
THARQ + 3ms; if Spatial relation is known and PL-RS is maintained
THARQ + 3ms + 5*TPL-RS + 2ms; if Spatial relation is known and PL-RS is not maintained
THARQ + 3ms + TL1-RSRP + 5*TPL-RS + 2ms; if Spatial relation is unknown and PL-RS is not maintained
For PUCCH spatial relation info switch, with associated DL-RS and PL-RS of target spatial relation info in the same TCI chain, the switching delay for RRC based switch shall be defined as:
TRRC_Processing; if Spatial relation is known and PL-RS is maintained
TRRC_Processing + 5*TPL-RS + 2ms; if Spatial relation is known and PL-RS is not maintained
TRRC_Processing + TL1-RSRP + 5*TPL-RS + 2ms; if Spatial relation is unknown and PL-RS is not maintained
Proposal #7: Define delay requirements for RRC based switch when associated DL-RS and PL-RS of target spatial relation info are in the same TCI chain as: 
TRRC_Processing; if Spatial relation is known and PL-RS is maintained
TRRC_Processing + 5*TPL-RS + 2ms; if Spatial relation is known and PL-RS is not maintained
TRRC_Processing + TL1-RSRP + 5*TPL-RS + 2ms; if Spatial relation is unknown and PL-RS is not maintained


DL-RS associated with target spatial relation info for PUCCH and associated pathloss RS are not in the same TCI chain
When the associated DL-RS and PL-RS are in the same TCI chain, the known/unknown condition is based on both the associated DL-RS and associated PL-RS. We would also need to consider additional delay in case the PL-RS is not maintained by the UE.
Table 2: Additional delay for RSs not in same TCI chain
	Associated DL-RS
	Associated PL-RS
	Pathloss RS maintained
	Pathloss RS not maintained

	Known
	Known
	0
	PL-RS activation delay

	Unknown
	Known
	TL1-RSRP-DL-RS
	TL1-RSRP-DL-RS + PL-RS activation delay

	Known
	Unknown
	N/A
	TL1-RSRP-PL-RS + PL-RS activation delay

	Unknown
	Unknown
	N/A
	TL1-RSRP-DL-RS + TL1-RSRP-PL-RS + PL-RS activation delay



The number of cases to define delay requirements when the associated DL-RS and PL-RS are not in the same TCI chain and are double, hence we recommend to only define requirements for associated PL-RS known.
Proposal #8: Define requirements for spatial relation switch when associated DL-RS and associated PL-RS are not in same TCI chain only when associated PL-RS is known. 
For PUCCH spatial relation info switch, with associated DL-RS and PL-RS of target spatial relation info not in the same TCI chain, the switching delay for MAC-CE based switch shall be defined as:
THARQ + 3ms; if DL-RS and PL-RS are known and PL-RS is maintained
THARQ + 3ms + 5*TPL-RS + 2ms; if DL-RS and PL-RS are known and PL-RS is not maintained
THARQ + 3ms + TL1-RSRP; if DL-RS is unknown, PL-RS is known and PL-RS is maintained
THARQ + 3ms + TL1-RSRP + 5*TPL-RS + 2ms; if DL-RS is unknown, PL-RS is known and PL-RS is not maintained
Proposal #9: Define delay requirements for MAC CE based switch when associated DL-RS and PL-RS of target spatial relation info are not in the same TCI chain as: 
THARQ + 3ms; if DL-RS and PL-RS are known and PL-RS is maintained
THARQ + 3ms + 5*TPL-RS + 2ms; if DL-RS and PL-RS are known and PL-RS is not maintained
THARQ + 3ms + TL1-RSRP; if DL-RS is unknown, PL-RS is known and PL-RS is maintained
THARQ + 3ms + TL1-RSRP + 5*TPL-RS + 2ms; if DL-RS is unknown, PL-RS is known and PL-RS is not maintained
For PUCCH spatial relation info switch, with associated DL-RS and PL-RS of target spatial relation info not in the same TCI chain, the switching delay for RRC based switch shall be defined as:
TRRC_Processing; if DL-RS and PL-RS are known and PL-RS is maintained
TRRC_Processing + 5*TPL-RS + 2ms; if DL-RS and PL-RS are known and PL-RS is not maintained
TRRC_Processing + TL1-RSRP; if DL-RS is unknown, PL-RS is known and PL-RS is maintained
TRRC_Processing + TL1-RSRP + 5*TPL-RS + 2ms; if DL-RS is unknown, PL-RS is known and PL-RS is not maintained
Proposal #10: Define delay requirements for RRC based switch when associated DL-RS and PL-RS of target spatial relation info are not in the same TCI chain as: 
TRRC_Processing; if DL-RS and PL-RS are known and PL-RS is maintained
TRRC_Processing + 5*TPL-RS + 2ms; if DL-RS and PL-RS are known and PL-RS is not maintained
TRRC_Processing + TL1-RSRP; if DL-RS is unknown, PL-RS is known and PL-RS is maintained
TRRC_Processing + TL1-RSRP + 5*TPL-RS + 2ms; if DL-RS is unknown, PL-RS is known and PL-RS is not maintained

3. Conclusion
In this paper, we discuss some of the issues related to core requirements for UL spatial relation info switch. Our observations and proposals are captured below and in our associated CR [1]:
Observation #1: The PUCCH-SpatialRelationInfo IE includes PUCCH-PathlossReferenceRS.
Observation #2: The known condition definition and UL spatial relation info switching delay for PUCCH doesn’t consider Pathloss RS.
Proposal #1: Consider the pathloss RS in target spatial relation info for PUCCH spatial relation info switch requirements.
Known Condition
Observation #3: If the DL-RS associated with target spatial relation info and pathloss RS are in the same TCI chain with QCL TypeD, the same known/unknown conditions would apply to both RSs.
Proposal #2: When the DL-RS associated with target spatial relation info for PUCCH and associated pathloss RS are in the same TCI chain with QCL TypeD, existing known definition based on DL-RS is sufficient.
Proposal #3: When the DL-RS associated with target spatial relation info for PUCCH and associated pathloss RS are not in the same TCI chain, the known definition should consider both associated DL-RS and associated PL-RS.
Proposal #4: When the DL-RS associated with target spatial relation info for PUCCH and associated pathloss RS are not in the same TCI chain, the target spatial relation is known if both the associated DL-RS and associated pathloss RS are known.
Proposal #5: When the DL-RS associated with target spatial relation info for PUCCH and associated pathloss RS are not in the same TCI chain, the target spatial relation is unknown if either the associated DL-RS or associated pathloss RS is unknown.
Delay Requirements
Proposal #6: Define delay requirements for MAC CE based switch when associated DL-RS and PL-RS of target spatial relation info are in the same TCI chain as: 
THARQ + 3ms; if Spatial relation is known and PL-RS is maintained
THARQ + 3ms + 5*TPL-RS + 2ms; if Spatial relation is known and PL-RS is not maintained
THARQ + 3ms + TL1-RSRP + 5*TPL-RS + 2ms; if Spatial relation is unknown and PL-RS is not maintained
Proposal #7: Define delay requirements for RRC based switch when associated DL-RS and PL-RS of target spatial relation info are in the same TCI chain as: 
TRRC_Processing; if Spatial relation is known and PL-RS is maintained
TRRC_Processing + 5*TPL-RS + 2ms; if Spatial relation is known and PL-RS is not maintained
TRRC_Processing + TL1-RSRP + 5*TPL-RS + 2ms; if Spatial relation is unknown and PL-RS is not maintained
Proposal #8: Define requirements for spatial relation switch when associated DL-RS and associated PL-RS are not in same TCI chain only when associated PL-RS is known. 
Proposal #9: Define delay requirements for MAC CE based switch when associated DL-RS and PL-RS of target spatial relation info are not in the same TCI chain as: 
THARQ + 3ms; if DL-RS and PL-RS are known and PL-RS is maintained
THARQ + 3ms + 5*TPL-RS + 2ms; if DL-RS and PL-RS are known and PL-RS is not maintained
THARQ + 3ms + TL1-RSRP; if DL-RS is unknown, PL-RS is known and PL-RS is maintained
THARQ + 3ms + TL1-RSRP + 5*TPL-RS + 2ms; if DL-RS is unknown, PL-RS is known and PL-RS is not maintained
Proposal #10: Define delay requirements for RRC based switch when associated DL-RS and PL-RS of target spatial relation info are not in the same TCI chain as: 
TRRC_Processing; if DL-RS and PL-RS are known and PL-RS is maintained
TRRC_Processing + 5*TPL-RS + 2ms; if DL-RS and PL-RS are known and PL-RS is not maintained
TRRC_Processing + TL1-RSRP; if DL-RS is unknown, PL-RS is known and PL-RS is maintained
TRRC_Processing + TL1-RSRP + 5*TPL-RS + 2ms; if DL-RS is unknown, PL-RS is known and PL-RS is not maintained
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