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1. Introduction

In the last RAN4#94e meeting, the discussion on the spatial relation switch for uplink channels and SRS were triggered. However the no consensus was made and the way forward on this topic was not approved. This paper continues to provide the analysis on the requirements of spatial relation switching for uplink.
2. Discussion
· MAC-CE based PUCCH spatial relation switching
Regarding the PUCCH transmission, UE can be configured at most 8 PUCCH-SpatialRelationInfo by network. If the UE is provided more than one values of PUCCH-SpatialRelationInfo, the UE receives an activation command indicating a value of pucch-SpatialRelationInfoId. 
	PUCCH-Config ::=                        SEQUENCE {

…..
    spatialRelationInfoToAddModList         SEQUENCE (SIZE (1..maxNrofSpatialRelationInfos)) OF PUCCH-SpatialRelationInfo


	PUCCH-SpatialRelationInfo ::=           SEQUENCE {

    pucch-SpatialRelationInfoId         PUCCH-SpatialRelationInfoId,

    servingCellId                           ServCellIndex                                                    OPTIONAL,   -- Need S

    referenceSignal                         CHOICE {

        ssb-Index                               SSB-Index,

        csi-RS-Index                            NZP-CSI-RS-ResourceId,

        srs                                     SEQUENCE {

                                                    resource                            SRS-ResourceId,

                                                    uplinkBWP                           BWP-Id

                                                }
    },

    pucch-PathlossReferenceRS-Id            PUCCH-PathlossReferenceRS-Id,

    p0-PUCCH-Id                             P0-PUCCH-Id,

    closedLoopIndex                         ENUMERATED { i0, i1 }

}

PUCCH-SpatialRelationInfoId ::=         INTEGER (1..maxNrofSpatialRelationInfos)




Where

	maxNrofSpatialRelationInfos             INTEGER ::= 8


RAN1 specifies the switching delay as below [TS 38.213],

	The UE applies the activation command in the first slot that is after slot 
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  where k is the slot where the UE would transmit a PUCCH with HARQ-ACK information for the PDSCH providing the activation command and u is the SCS configuration for the PUCCH.


If PUCCH-SpatialRelationInfo is provided, the PUCCH spatial relation can refer to the associated downlink beam (SSB or CSI-RS) or the uplink SRS beam. It shall be noted that the spatial relation for uplink is based on the downlink timing. The uplink spatial relation switching doesn’t mean the downlink timing is switched accordingly. The typical case is that the down timing reference is kept unchanged, and UE just switches its uplink transmission beam to a new beam when UE receives PUCCH-SpatialRelationInfo. The associated downlink RS is used for uplink beam transmission.
· 1) If the associated downlink RS is already known to UE (satisfying the known condition for TCI state), UE knows the uplink beam spatial information and can switch the Tx beam to the target beam. It is no need for fine timing acquirement of the associated downlink RS.
The PUCCH spatial relation switching delay can use RAN1’ conclusion, i.e., if the associated downlink RS is known, upon receiving MAC-CE activation command indicating a value of pucch-SpatialRelationInfoId in slot n, UE shall be able to transmit a PUCCH with target spatial relation at slot n+ THARQ +3 ms/ NR slot length.
· 2) If the associated downlink RS is unknown to UE (known condition for TCI state is not satisfied), UE needs to perform Rx beam identification, i.e, additional L1-RSRP measurement procedure shall be added. The L1-RSRP measurement requirement can refer to the section 9.5.4 in TS 38.133. Consequently if the associated downlink RS is unknown, upon receiving MAC-CE activation command indicating a value of pucch-SpatialRelationInfoId in slot n, UE shall be able to transmit a PUCCH with target spatial relation at slot n+ THARQ + T L1-RSRP+3 ms/ NR slot length.
· 3) If the associated RS is uplink SRS, UE can directly use the same beam as uplink SRS. 
Proposal 1: The MAC-CE based PUCCH spatial relation switching delay can be specified as below:
Upon receiving MAC-CE activation command indicating a value of pucch-SpatialRelationInfoId in slot n, 
· If the spatial relation associated downlink RS is known or the associated RS is SRS, UE shall be able to transmit a PUCCH with target spatial relation at slot n+ THARQ +3 ms/ NR slot length.
· If the spatial relation associated downlink RS is unknown, UE shall be able to transmit a PUCCH with target spatial relation at slot n+ THARQ + T L1-RSRP +3 ms/ NR slot length.
Downlink known condition refers to section 8.10(active TCI state switching delay).
If the UE is not provided PUCCH-SpatialRelationInfo, the UE obtains the p0-PUCCH-Value value from the P0-PUCCH with p0-PUCCH-Id value equal to the minimum p0-PUCCH-Id value in p0-Set[TS 38.213]. In this case, the UE default behaviour is specified and the uplink spatial relation is applied when the RRC signalling is configured. This has nothing to do with spatial relation switching. So we suggest that this case is not considered in RAN4.
Proposal 2: No requirements are defined for PUCCH spatial relation switching if UE is not provided PUCCH-SpatialRelationInfo.
· RRC based PUCCH spatial relation switching

In R15 the RRC based TCI state (downlink) is for the case that RRC configured only one TCI state for PDCCH. This is a demand from operator for the specific deployment scenario, i.e., theater. For the RRC based PUCCH spatial relation switching, if there is application scenario we can discuss the corresponding requirements. Otherwise no requirements shall be considered.
Proposal 3: No requirements for RRC based PUCCH spatial relation switching if there are no application scenarios.
· PUSCH spatial relation switching

PUSCH transmission(s) can be dynamically scheduled by an UL grant in a DCI, or the transmission can correspond to a configured grant Type 1 or Type 2. The configured grant Type 1 PUSCH transmission is semi-statically configured to operate upon the reception of higher layer parameter of configuredGrantConfig including rrc-ConfiguredUplinkGrant without the detection of an UL grant in a DCI. The configured grant Type 2 PUSCH transmission is semi-persistently scheduled by an UL grant in a valid activation DCI according to Subclause 10.2 of [6, TS 38.213] after the reception of higher layer parameter configuredGrantConfig not including rrc-ConfiguredUplinkGrant [TS 38.214].
The spatial relation of PUSCH scheduled by DCI 0-0 is specified in RAN1 [TS 38.214].
	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 Subclause 9.2.1 of [6, TS 38.213]. 

…

The UE shall not expect PUSCH scheduled by DCI format 0_0 in a BWP without configured PUCCH resource with PUCCH-SpatialRelationInfo in frequency range 2 in RRC connected mode.


As we know, when UE is scheduled to transmit a transport block by DCI 0-0, the slot offset K2 is determined. Thus the TX beam switching time is already included in the scheduling preparation time.
The spatial relation of PUSCH scheduled by DCI 0_1 for both codebook and non-codebook is specified in RAN1 as below.

	The UE shall transmit PUSCH using the same antenna port(s) as the SRS port(s) in the SRS resource indicated by the DCI format 0_1 or by configuredGrantConfig according to subclause 6.1.2.3.


It means that the Tx beam for PUSCH scheduled by DCI 0_1 is the same as the indicated SRS resource. 
Consequently there is no need to define the PUSCH spatial relation switching requirement.
Proposal 4: There is no need to define the PUSCH spatial relation switching requirement.

· SRS spatial relation switching
SRS resource type can be aperiodic, semi-persistent and periodic.
· Aperiodic SRS 
Aperiodic SRS is triggered by DCI. It is defined in RAN1[TS 38.214].

	If the UE receives the DCI triggering aperiodic SRS in slot n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot 
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 where 

-
k is configured via higher layer parameter slotOffset for each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission, µSRS and µPDCCH are the subcarrier spacing configurations for triggered SRS and PDCCH carrying the triggering command respectively;
-
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 for the {scheduling, scheduled} carrier pair is defined in [4, TS 38.211] clause 4.5. 


Where k is indicated by slotOffset, and the range is 0-32 slots.
	slotOffset
An offset in number of slots between the triggering DCI and the actual transmission of this SRS-ResourceSet. If the field is absent the UE applies no offset (value 0).


So if the target uplink spatial relation is known to UE, the switching delay can refer to RAN1’s specification. For the case that the target uplink spatial relation is unknown, we don’t think it a typical case. As the intention of DCI based uplink spatial relation switching is fast, the unknown TCI configuration is contradictory with using DCI triggering. Recalling the DCI based TCI state switching delay in R15, no requirements are considered for unknown TCI as well. Thus we suggest that there is no requirement for unknown TCI state.
Proposal 4: A-SRS spatial relation switching delay
· If the spatial relation associated RS is known, the switching delay refers to RAN1 specification.
· If the spatial relation associated RS is unknown, there is no requirements.
· Periodic SRS resource

Periodic SRS resource is configured by RRC.

	if the UE is configured with the higher layer parameter spatialRelationInfo containing the ID of a reference 'ssb-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference SS/PBCH block, if the higher layer parameter spatialRelationInfo contains the ID of a reference 'csi-RS-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent CSI-RS, if the higher layer parameter spatialRelationInfo containing 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.[TS 38.214 section 6.2.1]


Where the spatialRelationInfo is defined as below in TS 38.331.
	SRS-SpatialRelationInfo ::=     SEQUENCE {

    servingCellId                       ServCellIndex                                               OPTIONAL,   -- Need S

    referenceSignal                     CHOICE {

        ssb-Index                           SSB-Index,

        csi-RS-Index                        NZP-CSI-RS-ResourceId,

        srs                                 SEQUENCE {

            resourceId                          SRS-ResourceId,

            uplinkBWP                           BWP-Id

        }
    }


The spatial relation of periodic SRS is clear. When the spatial relation associated RS is SSB/CSI-RS, the known case and unknown case may be considered.
· 1) If the associated downlink RS is already known to UE (satisfying the known condition for TCI state), UE knows the uplink beam spatial information and can switch the Tx beam to the target beam. It is no need for fine timing acquirement of the associated downlink RS. The RRC based P-SRS spatial relation switching delay is TRRC_processing.
· 2) If the associated downlink RS is unknown to UE (known condition for TCI state is not satisfied), UE needs to perform Rx beam identification, i.e, additional L1-RSRP measurement procedure shall be added. The L1-RSRP measurement requirement can refer to the section 9.5.4 in TS 38.133. Consequently the RRC based P-SRS spatial relation switching delay is TRRC_processing+ TL1-RSRP.
· 3) If the associated RS is uplink SRS, UE can directly use the same beam as uplink SRS. 
Proposal 5: Periodic SRS spatial relation switching delay is specified as below,
· When the spatial relation associated RS is SSB/CSI-RS or the associated RS is SRS, if the associated DL RS is known and the fine timing of the downlink RS is acquired, the periodic SRS spatial relation switching delay is TRRC_processing;
· If the spatial relation associated downlink RS is unknown, the periodic SRS spatial relation switching delay is TRRC_processing + T L1-RSRP.
· Semi-persistent SRS 
Semi-persistent SRS is activated/deactivated by MAC CE. The spatial relation of semi-persistent SRS can refer to SSB, CSI-RS or SRS. RAN1 has the following definition.
	when a UE receives an activation command, as described in subclause 6.1.3.17 of [10, TS 38.321], for an SRS resource, and when the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH carrying the activation command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions on SRS transmission corresponding to the configured SRS resource set shall be applied starting from the first slot that is after slot [image: image7.png]n+ 3N e



 where  is the SCS configuration for the PUCCH.


This case is similar as PUCCH spatial relation
Proposal 6: Semi-persisitent SRS spatial relation switching delay can be specified as below,

Upon receiving MAC-CE activation command indicating triggering a new semi-persistent SRS in slot n, 
· If the spatial relation associated downlink RS is known or the associated RS is SRS, UE shall be able to transmit a PUCCH with target spatial relation at slot n+ THARQ +3 ms/ NR slot length.
· If the spatial relation associated downlink RS is unknown, UE shall be able to transmit a PUCCH with target spatial relation at slot n+ THARQ + T L1-RSRP +3 ms/ NR slot length.
Downlink known condition refers to section 8.10(active TCI state switching delay).
3. Conclusions

This contribution provides the discussion on spatial relation for uplink channel (PUCCH and PUSCH) and SRS. The proposals are provided as below:
Proposal 1: The MAC-CE based PUCCH spatial relation switching delay can be specified as below:
Upon receiving MAC-CE activation command indicating a value of pucch-SpatialRelationInfoId in slot n, 
· If the spatial relation associated downlink RS is known or the associated RS is SRS, UE shall be able to transmit a PUCCH with target spatial relation at slot n+ THARQ +3 ms/ NR slot length.
· If the spatial relation associated downlink RS is unknown, UE shall be able to transmit a PUCCH with target spatial relation at slot n+ THARQ + T L1-RSRP +3 ms/ NR slot length.
Downlink known condition refers to section 8.10(active TCI state switching delay).
Proposal 2: No requirements are defined for PUCCH spatial relation switching if UE is not provided PUCCH-SpatialRelationInfo.
Proposal 3: No requirements for RRC based PUCCH spatial relation switching if there are no application scenarios.
Proposal 4: There is no need to define the PUSCH spatial relation switching requirement.

Proposal 4: A-SRS spatial relation switching delay
· If the spatial relation associated RS is known, the switching delay refers to RAN1 specification.
· If the spatial relation associated RS is unknown, there is no requirements.
Proposal 5: Periodic SRS spatial relation switching delay is specified as below,

· When the spatial relation associated RS is SSB/CSI-RS or the associated RS is SRS, if the associated DL RS is known and the fine timing of the downlink RS is acquired, the periodic SRS spatial relation switching delay is TRRC_processing;
· If the spatial relation associated downlink RS is unknown, the periodic SRS spatial relation switching delay is TRRC_processing + T L1-RSRP.
Proposal 6: Semi-persisitent SRS spatial relation switching delay can be specified as below,

Upon receiving MAC-CE activation command indicating triggering a new semi-persistent SRS in slot n, 
· If the spatial relation associated downlink RS is known or the associated RS is SRS, UE shall be able to transmit a PUCCH with target spatial relation at slot n+ THARQ +3 ms/ NR slot length.
· If the spatial relation associated downlink RS is unknown, UE shall be able to transmit a PUCCH with target spatial relation at slot n+ THARQ + T L1-RSRP +3 ms/ NR slot length.
Downlink known condition refers to section 8.10(active TCI state switching delay).
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