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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last meeting, a WF of TCI state switching has been agreed [1]. One of the open issues is TCI state switch of the CSI-RS for CQI and active spatial relation switch. The detail description is as follow.
	· RAN4 should finalize the following requirements in Rel-16 time frame
· The possible scenarios for CSI-RS configuration update for CQI 
· Option 1: New TCI state is configured for the same CSI-RS for CQI to align with the target TCI state for PDSCH
· Option 2: New CSI-RS configuration with new TCI state is configured to align with the target TCI state for PDSCH 
· UE behavior when the TCI-state for CQI reporting is not within the active TCI state list for PDSCH 
· The possible delay requirement for CSI-RS configuration update for CQI 
· The delay requirement for spatial relation switch for uplink


In this paper, we will discuss the reaming issues on TCI switching of the CSI-RS for CQI and spatial relation switch. 
2 CSI-RS configuration update for CQI reporting 
Although CSI-RS configuration is UE-specific, the actual signals could still be cell-specifically transmitted. It means the UEs in the same serving cell may share the same CSI-RS configuration. If the network want to update one UE’s CSI-RS TCI relation, the network should reconfigure a new CSI-ResourceConfigId to this UE other than only refresh the TCI state content in current CSI-RS resource config. If the latter option is used, other UEs in the same serving cell which were configured with the same CSI-ResourceConfigId will be impacted. Obviously, other UEs’ TCI state configuration are not expected to be impacted by one UE’s TCI state switch. 
[bookmark: _Ref23435987]Proposal 1: When discussed CSI-RS configuration update for CQI, the typical scenario should be option 2 - new CSI-RS configuration with new TCI state is configured to align with the target TCI state for PDSCH.   
RAN1 has agreed the max number of CSI-RS resources for CQI reporting should be equal or less than 8 in TS38.214 5.2.1.4.2 which has the same number as the active TCI state list for PDSCH. 
	If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI', ' cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI' or 'cri-RI-LI-PMI-CQI', then the UE is not expected to be configured with more than 8 CSI-RS resources in a CSI-RS resource set contained within a resource setting that is linked to the CSI-ReportConfig.


[bookmark: _Ref23434463]Observation 1: The max number of CSI-RS resources for CQI reporting is equal to or less than 8.
In Rel-15, it’s better to clarify the UE’s behaviour for CQI reporting with new TCI state. The intention of CQI reporting is to feedback the evaluation of the channel condition to the base station, and the base station adapts the UEs’ data rate based on UE’s CQI reporting. Thus, we believe that the Rx beam used for CQI reporting should align with the Rx beam used for data reception. In other words, the TCI state used in CQI reporting should be in the active TCI list which is used for PDSCH data reception.
[bookmark: _Ref20779455][bookmark: _Ref20491589]Proposal 2: Typically the TCI state used in CQI reporting should be in the active TCI list which is used for PDSCH data reception.
Procedure of CSI-RS configuration update for CQI

Currently, the active TCI list indicating the QCL information for data reception will be updated based on the recent measurement report. RAN4 only defines the requirement when the target TCI state is known. Thus, the target TCI state for CSI-RS configuration for CQI reporting should also be known. 
[bookmark: _Ref23435993]Proposal 3: Only define the delay requirement of CSI-RS configuration update for CQI with target TCI state in known condition.
The CSI-RS resources can be periodic, semi-persistent, or aperiodic. Periodic CSI-RS is configured by RRC. Semi-persistent CSI-RS is activated by MAC-CE. Aperiodic CSI-RS is triggered/activated by DCI command. The delay requirement for all these three types of CSI-RS resources are different, and the framework of these three CSI-RS configuration update could follow the agreed requirements respectively.
· Periodic CSI-RS configuration update
The processing delay could be RRC processing time plus the fine time tracking in the new Rx beam.
·  Semi-persistent CSI-RS configuration update
The processing delay could be HARQ feedback, MAC-CE processing time plus the fine time tracking in the new Rx beam.
· Aperiodic CSI-RS trigger update
The aperiodic CSI-RS trigger delay is already captured in RAN1 spec. [TS38.214 5.2.1.4] as X slots by higher layer parameter reportSlotOffsetList.

	[bookmark: _Hlk497308324]TS38.214 5.2.1.4
For a semi-persistent or aperiodic CSI report on PUSCH, the allowed slot offsets are configured by the higher layer parameter reportSlotOffsetList. The offset is selected in the activating/triggering DCI.

	TS38.331 CSI-ReportConfig
reportSlotOffsetList 
…
Timing offset Y for aperiodic reporting using PUSCH. This field lists the allowed offset values. This list must have the same number of entries as the pusch-TimeDomainAllocationList in PUSCH-Config. A particular value is indicated in DCI. The network indicates in the DCI field of the UL grant, which of the configured report slot offsets the UE shall apply. The DCI value 0 corresponds to the first report slot offset in this list, the DCI value 1 corresponds to the second report slot offset in this list, and so on (see TS 38.214 [19], clause 5.2.3). 


[bookmark: _Ref23435998][image: ]
Figure 1. The timeline relationship between aperiodic CSI-RS resource set transmission and report offset

Proposal 4: The processing delay of CSI-RS configuration/trigger update for CQI with target TCI state are
· RRC processing time plus the fine time tracking for periodic CSI-RS
· HARQ feedback, MAC-CE processing time plus the fine time tracking for semi-persistent CSI-RS
· reportSlotOffsetList for aperiodic CSI-RS


Relationship between CSI-RS configuration update for CQI and active TCI state list update
With the understanding of Proposal 2, we now discuss how to handle the case when the TCI state used in CQI reporting is not within the TCI list.
In scenario 1, the update of active TCI list comes earlier than the CSI-RS configuration update for CQI. The CSI-RS configuration update for CQI is finished after completing the active TCI state list update. The UE shall report the CQI based on old TCI state until UE updates the CSI-RS configuration for CQI and active TCI state list update. After UE finishing the CSI-RS configuration update for CQI reporting, the UE should report CQI with the new TCI state. 
[image: ]
Figure 2. The relationship between CSI-RS configuration update for CQI and active TCI state list update
[bookmark: _Ref20491569]Observation 2: After UE finishes active TCI state list update and CSI-RS configuration update for CQI reporting, the UE should report CQI with the new TCI state.
In scenario 2, the CSI-RS configuration update for CQI finishes before completing the active TCI state list update. After finishing the CSI-RS configuration update for CQI, UE has the capability to report the CQI with new TCI state, but the active TCI state list for data reception is still not updated. The UE could report out-of-bound in the timeline before updating the active TCI state list.
[image: ]
Figure 3. The relationship between CSI-RS configuration update for CQI and active TCI state list update
[bookmark: _Ref20491572][bookmark: _GoBack]Observation 3: After UE finishing the CSI-RS configuration update for CQI reporting and before active TCI state list updating, the UE can report CQI with out-of-bound.
In scenario 3, the CSI-RS configuration update for CQI is configured after completing the active TCI state list update. After finishing the TCI state list update, the UE works on the new TCI state to receive data transmission. However, the CQI reporting is possible still staying at the old TCI state. Thus, the CQI feedback can also be out-of-bound. Once finishing the CSI-RS configuration update for CQI reporting, the UE can report the CQI based on the new TCI state list. 
[image: ]

Figure 4. The relationship between CSI-RS configuration update for CQI and active TCI state list update
[bookmark: _Ref20491575]Observation 4: After UE finishes active TCI state list update and before the CSI-RS configuration update for CQI, the UE should report CQI with out-of-bound.
[bookmark: _Ref20491593]Proposal 5: If the TCI-state for CQI reporting is not within the active TCI state list for PDSCH, UE can report out-of-bound in CQI reporting.
3 Spatial Relation switch for uplink
So far, RAN4 only discusses the TCI state switch requirement for downlink control and data channel, but RAN1 and RAN2 specifications also define the spatial relation for uplink PUCCH, PUSCH, and SRS. The UE uplink channel and RS can be QCLed with a SRS or downlink RS based on this spatial relation configuration. 
Active Spatial Relation switch for PUCCH
The procedure of active spatial relation switch for PUCCH is similar as active TCI state switch for PDSCH in downlink which is shown as follow. RRC at first configures with 8 spatial relations and PUCCH spatial relation activation. MAC CE activates one of the spatial relation for PUCCH. The UE will transmit the PUCCH using a same spatial domain filter as a reception of a SSB or CSI-RS or a transmission of a SRS. If the QCLed RS was not reported in the recent time, the UE will execute additional Rx beam sweeping for the downlink RS or Tx beam sweeping for the uplink SRS. Thus, we can define the known conditions for spatial relation similar as TCI state switch for DL. However, if PUCCH is associated with uplink SRS, PUCCH will directly use the same beam with this uplink SRS. UE do not need the additional beam sweeping time. 
[bookmark: _Ref23436004] Proposal 6: RAN4 defines the known condition for spatial relation when PUCCH is associated with DL RS.
[image: ]
Figure 5. PUCCH Activation Procedure
[bookmark: _Ref20492185][bookmark: _Ref23436009]Proposal 7: If the PUCCH-SpatialRelationInfo is configured as ssb-Index or csi-RS-Index, the known condition for spatial relation could re-use TCI state known condition. 
[bookmark: _Ref23436012]Proposal 8: If the PUCCH-SpatialRelationInfo is configured as srs, the spatial relation switch is always in known condition.
When the spatial relation for PUCCH is unknown, the UE should execute the Rx beam sweeping to train the downlink spatial domain filter before transmitting the PUCCH with the same spatial domain transmission filter. During the training phase, the PUCCH is allowed to be transmitted with arbitrary spatial domain transmission filter. The PUCCH signal quality cannot be guaranteed until UE finishes the active spatial relation switch. 
[bookmark: _Ref23446791]Proposal 9: For unknown spatial relation switch, UE is allowed to transmit PUCCH with arbitrary spatial domain transmission filter during the Rx/Tx beam training phase.
Active Spatial Relation switch for PUSCH
The PUSCH spatial relation activation behavior is different as downlink PDSCH which is indicated by DCI. PUSCH spatial relation is explicitly demonstrated in spec and follows the PUCCH or SRS spatial relation in different DCI command.
When DCI format 0_0 is configured, PUSCH always follows the same spatial domain transmission filter as for PUCCH. 
	TS38.214 6.1
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 Subclause 9.2.1 of [6, TS 38.213].


When DCI format 0_1 is configured, the UE shall transmit PUSCH using the same antenna ports as the SRS port(s) in the SRS resource(s) indicated by SRI(s).
	TS38.214 6.1.1 and 6.1.2
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


[bookmark: _Ref23434473]Observation 5: The spatial relation of PUSCH will follow PUCCH when configured by DCI format 0_0 or follow SRS when configured by DCI format 0_1.
[bookmark: _Ref23436016]Proposal 10: Do not define the requirement for PUSCH spatial relation switch.
Active Spatial Relation switch for SRS
The SRS resources also can be periodic, semi-persistent, or aperiodic. Periodic SRS is configured by RRC. Semi-persistent SRS is activated by MAC-CE. Aperiodic SRS is triggered/activated by DCI command. Similarly as CSI-RS, the issue in spatial relation for SRS is whether define known condition and whether apply both known/unknown requirement to active spatial relation switch for SRS. 
If the SRS is associated with another UL SRS, UE will directly use the same beam for this uplink SRS. UE does not need the additional beam sweeping time. 
[bookmark: _Ref23436020]Proposal 11: If the SRS-SpatialRelationInfo is configured as srs, the spatial relation switch is always in known condition.
If the SRS is associated with the DL RS, the intention is that uplink transmission could refer to the same beam used in downlink. Obviously, the network should have some historic measurement information for this downlink RS beam. The reason why unknown scenario is defined for data/control channel is the data burst could be triggered occasionally. When the network want to trigger the data burst transmission, the network may have the beam reports from UE. However, periodic/semi-persistent SRS transmission is different as the data burst. The periodic/semi-persistent SRS transmission will span a long time and network can have enough time to decide which DL RS should be associated when configure the periodic/semi-persistent SRS transmission. 
Generally, periodic/semi-persistent SRS transmission usage can be ‘codebook’, ‘nonCodebok’. PUSCH will be scheduled based on the SRS resource indicator(SRI). The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI before slot n. If the associated SRS for PUSCH is linked to DL RS and the spatial relation is unknown, it means the SRS will be transmitted through arbitrary spatial domain transmission filter during the DL Rx beam training duration. It is worth noting that if UE shall transmit PUSCH using the same antenna port(s) as the SRS port(s) in the SRS resource, PUSCH uplink performance cannot be guaranteed in this Rx beam training duration either.
[image: ]
Figure 6. An example of PUSCH scheduling in possible SRS linked Rx beam training duration
Thus, the spatial relation for periodic/semi-persistent SRS could always be believed as known. 
[bookmark: _Ref23436023]Proposal 12: Only define the delay requirement of periodic/semi-persistent SRS spatial relation switch in known condition.
For aperiodic SRS, generally, it could be believed as an urgent sounding behaviour. It means the network doesn’t want additional beam training time and needs this sounding information as soon as possible. As defined in TS38.214 6.2.1, the time interval between the DCI command and the aperiodic SRS transmission is about slotOffset which is a very short time duration. Thus, the aperiodic SRS should always associated with a known spatial relation.
	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 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 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.


[bookmark: _Ref23434478]Observation 6: The time interval between DCI command and aperiodic SRS transmission is very short and hasn’t considered the additional beam sweeping time in RAN1 specification.
[bookmark: _Ref23436026]Proposal 13: Only define the delay requirement of aperiodic SRS spatial relation switch in known condition.
4 Conclusion
In the contribution, we discuss the remaining issues for TCI state switching. We have the following observations and proposals:
Observation 1: The max number of CSI-RS resources for CQI reporting is equal to or less than 8.
Observation 2: After UE finishes active TCI state list update and CSI-RS configuration update for CQI reporting, the UE should report CQI with the new TCI state.
Observation 3: After UE finishing the CSI-RS configuration update for CQI reporting and before active TCI state list updating, the UE can report CQI with out-of-bound.
Observation 4: After UE finishes active TCI state list update and before the CSI-RS configuration update for CQI, the UE should report CQI with out-of-bound.
Observation 5: The spatial relation of PUSCH will follow PUCCH when configured by DCI format 0_0 or follow SRS when configured by DCI format 0_1.
Observation 6: The time interval between DCI command and aperiodic SRS transmission is very short and hasn’t considered the additional beam sweeping time in RAN1 specification.
Proposal 1: When discussed CSI-RS configuration update for CQI, the typical scenario should be option 2 - new CSI-RS configuration with new TCI state is configured to align with the target TCI state for PDSCH.
Proposal 2: Typically the TCI state used in CQI reporting should be in the active TCI list which is used for PDSCH data reception.
Proposal 3: Only define the delay requirement of CSI-RS configuration update for CQI with target TCI state in known condition.
Proposal 4: The processing delay of CSI-RS configuration/trigger update for CQI with target TCI state 
· RRC processing time plus the fine time tracking for periodic CSI-RS
· HARQ feedback, MAC-CE processing time plus the fine time tracking for semi-persistent CSI-RS
· reportSlotOffsetList for aperiodic CSI-RS
Proposal 5: If the TCI-state for CQI reporting is not within the active TCI state list for PDSCH, UE can report out-of-bound in CQI reporting.
Proposal 6: RAN4 defines the known condition for spatial relation when PUCCH is associated with DL RS.
Proposal 7: If the PUCCH-SpatialRelationInfo is configured as ssb-Index or csi-RS-Index, the known condition for spatial relation could re-use TCI state known condition.
Proposal 8: If the PUCCH-SpatialRelationInfo is configured as srs, the spatial relation switch is always in known condition.
Proposal 9: For unknown spatial relation switch, UE is allowed to transmit PUCCH with arbitrary spatial domain transmission filter during the Rx/Tx beam training phase.
Proposal 10: Do not define the requirement for PUSCH spatial relation switch.
Proposal 11: If the SRS-SpatialRelationInfo is configured as srs, the spatial relation switch is always in known condition.
Proposal 12: Only define the delay requirement of periodic/semi-persistent SRS spatial relation switch in known condition.
Proposal 13: Only define the delay requirement of aperiodic SRS spatial relation switch in known condition.
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