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Introduction
RAN4 has been discussing the TCI state switching delay requirements for serving cell as well as the related delay requirements. Additionally, RAN4 has been discussing the TCI state requirements when an SCell is activated. A number of requirements still needs to be finalized for Rel-15 and in RAN4#90bis meeting in Xi’an RAN4 agreed on a WF [1], Way Forward on TCI State Switching Requirements.
In this paper we address the open issues in the WF [1].
Discussion
The WF lists following topics as open requirements for further discussion related to TCI switching:
1. Definition of known/unknown TCI state 
2. MAC CE based TCI state switch for PDCCH
3. DCI based TCI state switch for PDSCH
4. Requirements for RRC based TCI state switch
5. Interruption due to TCI state switch
6. TCI for SCell activation 
7. Requirement for MAC-CE based active TCI state list activation
In the next sections we look at each of the topics in the list and give a proposal for requirements.

Definition of known/unknown TCI state
It has been agreed:
· Definition of known TCI state for UE supporting Power Class 1 
· L1-RSRP or L3-RSRP report made in [x] ms 
· The TCI state is detectable during the TCI state switching period for both known and unknown TCI state switching requirement
And the open issues to be further discussed and decided:
· Value of x for UE supporting Power Class 1
· Applicability of known/ unknown TCI state for UE supporting Power Class 2/3/4
· Option 1: Only unknown
· Option 2: Both known and unknown (should be the same)
Definition of known and unknown TCI state has been discussed for some meetings. It seems that some companies see a need for defining when a TCI state is known in case the network (for some reason) would request a UE to use a TCI state for which has not been reported.
In order to define a known condition for a TCI state, RAN4 would need to consider many aspects such as network deployment scenario, network coverage knowledge, expected UE behaviour etc. These are aspects that can be known to network based on network optimization algorithm etc. Based on this knowledge, the network would configure the UE accordingly. I.e. if the deployment is an office deployment network can make certain assumptions on the most common UE movement etc. and will configure UE in the area with L1-RSRP measurements and reporting settings, BFD and other beam management parameters in accordance with this knowledge.
In a well configured network the network parameters will reflect the deployment scenario and will configured such that under typical conditions no abnormal failures should happen on a UE fulfilling the UE minimum requirements. The network has no interest in the opposite.
We therefore propose that the known TCI state conditions is based on the UE L1-RSRP reporting periodicity.
[bookmark: _Hlk7612743]Known TCI state conditions is based on the UE L1-RSRP reporting periodicity.
Looking at the reporting periods for the different reporting types – periodic reporting, semi-persistent reporting and aperiodic reporting – these are all configured by the network in the report configurations. 
Assuming then additionally that the conditions do not change during a reporting period, this would ensure that the UE requirements are defined for when the UE has measured and reported measurements for the given TCI state within a given time and the conditions since the measurements have not changed.
For periodic and semi-persistent reporting this would mean that the known TCI-state could be expressed as:
The TCI state is known if it has been meeting the following conditions: 
· [bookmark: _Hlk7762829]During the period (measured in slots) equal to:
· For a periodic or semi-persistent CSI report on PUCCH and PUSCH, for the TCI State, the period as configured by the higher layer parameter reportSlotConfig.
· For an aperiodic CSI report, for the TCI State, the period as configured by the higher layer parameter reportSlotOffsetList.
· The UE has sent an L1-RSRP/L3-RSRP report for the target TCI state.
· The reported TCI state remain detectable according to the cell detection requirements in section 9.2.
· The SSB or the CSI-RS measured and reported remains detectable during the TCI activation delay according to the cell identification conditions specified in section 9.2 
Otherwise, the TCI state is unknown.
This requirement would be general for all UE types including PC1, PC2, PC3 and PC4.
Known TCI state conditions is applicable for all UE power class types.
In [2] we have provided a TP capturing this requirement.

MAC CE based TCI state switch for PDCCH
The actual TCI state switch delay for PDCCH would also need to be decided. The WF captured following:
Agreements
· Definition of switching delay: From the slot with PDSCH carrying the activation command to the slot when PDCCH can be received based on new TCI state
· For UE supporting Power Class 1
· Requirements are defined for known and unkown TCI state
· The switching delay for unknown case may include time for L1-RSRP measurement
· Requirement for switching delay for known case: THARQ + 3ms
Open Issues
· Requirements for known/unknown for UE supporting Power Class 2/3/4
· Option 1: Only unknown
· Option 2: known and unknown
· FFS if RAN4 need to take into account the case that UE never report L1-RSRP or L3-RSRP for target TCI to network before receiving the TCI change command
The requirement for the PDCCH switch delay is already captured in RAN1 as 3ms and agreed also in RAN4 for the known TCI state. For the unknown TCI state additional L1-RSRP measurement could be assumed.
As the typical case would be that the TCI state is known. Additionally, the network would not benefit from configuring the UE with a PDCCH TCI state which it would not be able to receive. However, network could e.g. activate a PDCCH TCI state based on network knowledge and network deployment knowing that the UE would be able to receive accordingly. 
In some situation the UE may need additional time to perform L1-RSRP. I.e. either SSB based or CSI-RS based L1-RSRP. As Rel-15 assumes that the UE can receive with one panel at a time one measurement occasion should be sufficient.
The switching delay for an unknown PDCCH TCI state is one occasion of L1-RSRP.
The actual delay would then depend on the SSB or CSI-RS configuration for the L1-RSRP for the TCI state.
As argued in last section, the TCI state known condition will be applicable for all UE PC types. Same should apply for the PDCCH TCI switch delay.
the PDCCH TCI switch delay is applicable for all UE power class types.
In [2] we have provided a TP capturing this requirement.

DCI based TCI state switch for PDSCH
For this requirement most was agreed already in Xi’an and only one issue remained open:
Agreements
· Definition of switching delay: From the last symbol of PDCCH to first symbol of PDSCH
· For UE supporting Power Class 1 
· Requirements are defined for known TCI state
· No requirements for unknown TCI state
· Requirement for switching delay for known TCI state: UE capability for timeDurationForQCL 
· In RRM test for DCI based TCI state switch, PDSCH is always scheduled with lowest MCS for new TCI state
Open Issues
· FFS for UE supporting Power Class 2/3/4
The already agreed requirement is clear and based on the RAN1 requirements. As argued in in the former sections, the TCI state known condition will need to be applicable for all UE PC types. The same will need to apply for the PDSCH TCI switch delay
The DCI based TCI state switch for PDSCH applies for all UE power class types.
Additionally, we do not believe there would need to be any restrictions on the MCS used for the new PDSCH TCI state. Having such assumption could have significant impact on the overall system performance.
At least for device types PC2 -PC4 there is no restrictions on the MCS used for the new PDSCH TCI state.
No restrictions in the MCS used for the new PDSCH TCI state for PC1 device type.
In [2] we have provided a TP capturing this requirement.

Requirements for RRC based TCI state switch
In last RAN4 meeting it was also discussed and decided to introduce requirements for RRC based TCI state switch. In this case thre would only be one TCI state configured and hence it is clear to the UE which TCI state to apply. Therefore, there is no need for a MAC activation or DCI activation of the TCI state.
In this case it seems reasonable to assume that the UE delay for changing the TCI state is the same as the RRC processing delay and the worst case of applying the TCI state – as discussed and agreed. I.e. for a known TCI state, the RRC based TCI state switch could be expressed as:
[bookmark: _Hlk7763585][bookmark: _Hlk7763685]TTCI_Delay_RRC = TRRC_delay + 3  + 1
where:
[bookmark: _Hlk7763622]TRRC_delay is the RRC procedure delay as specified in [2].
After which the RRC configured TCI state shall be applied by the UE.
RRC configured TCI state switch delay is defined as TTCI_Delay_RRC = TRRC_delay + 3  + 1.
In [2] we have provided a TP capturing this requirement.

Interruption due to TCI state switch
The WF states:
Agreements
· No interruption allowed due to DCI based TCI switching except for intra-band non-contiguous CA case
· FFS on the case if the propagation time is changed due to TCI state switching
· No interruption allowed due to MAC based TCI switching except for intra-band non-contiguous CA case
· FFS on the case if the propagation time is changed due to TCI state switching
· Whether to define scheduling restriction requirement for MAC based TCI switching depends on the conclusions for MRTD.
Open Issues
· Interruption due to RRC based TCI state switch if defined
· Option 1: Yes 
· Option 2: No
The interruption due to RRC based TCI state switch is accounted in the proposed definition of the RRC based TCI state switch delay TRRC_delay in the former section. As we the actual switch time as being performed within the CP we do not see a need for any further interruption delay.
No interruption due to RRC based TCI state switch is defined.
In [2] we have provided a TP capturing this requirement.

Requirement for MAC-CE based active TCI state list activation
Related to MAC CE based change of active TCI state set the following was captured in the WF:
Background
· Necessity to define delay requirement for MAC CE based active TCI state list update with new TCI state and PDSCH to receive on the newly activated TCI state via DCI based switch
· Assumption that UE has measured and reported L1-RSRP on new TCI state
Agreement:
· Requirement for MAC CE based active TCI state list update will be introduced
[bookmark: _Hlk7764407]The network uses UE specific PDCCH MAC CE and UE specific PDSCH MAC CE to indicate the TCI state used for DCCH and configure the active TCI state set for PDSCH respectively.
In RAN4#90bis RAN4 already decided that the requirements for PDCCH MAC CE is 3ms for PC1 as discussed in section 2.2. This agreement was based on the delay agreed in RAN1.
[bookmark: _Hlk7764682]The delay for the MAC based TCI state set (PDSCH MAC CE) is also defined in the RAN1 specification and RAN4 should apply same delay requirement. RAN1 has defined that ‘When the HARQ-ACK corresponding to the PDSCH carrying the activation command is transmitted in slot n, the indicated mapping between TCI states and codepoints of the DCI field 'Transmission Configuration Indication' should be applied starting from slot 3* + 1.’
MAC-CE based active TCI state list activation is defined as 3* + 1.
In [2] we have provided a TP capturing this requirement.

TCI for SCell activation
The final topic listed in the WF for further discussion is the TCI state for the SCell being activated. During the last meetings there has been raised question concerning which TCI state the UE shall apply once the SCell is activated.
The current RRC SCell configuration includes the TCI state configurations for the SCell. I.e. these are known to the UE once the SCell is activated.
It will be the SCell which will configure the activated TCI state set using MAC command. I.e. after the SCell activation delay, when the UE is capable of receiving the DL PDCCH and PDSCH in the SCell, the SCell can configure the active TCI state set using a UE specific PDSCH or PDCCH MAC CE for configuring the active TCI states and indicate the TCI state for the PDCCH. This is the same procedure as on e.g. PCell.
Until the UE receives the activation command the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the SS/PBCH block determined in the initial access procedure with respect to 'QCL-TypeA', and when applicable, also with respect to 'QCL-TypeD’. As defined in the RAN1 specification.
Based on this it is clear what the UE requirements are concerning which reception assumption to apply in the activated SCell before and after the UE is configured with and active TCI state set. Additionally, it is possible for the network to transmit both SCell activation command and TCI state activation in one and same MAC CE command. 
I.e. the UE shall be able to receive DL in activated SCell after the SCell activation delay, either based on the QCL assumption with the SSB of the SCell or the applicable TCI state.
UE shall be able to receive DL in an activated SCell after the SCell activation delay, either based on the QCL assumption with the SSB of the SCell or the applicable TCI state.

Conclusion
In this paper we discuss the TCI state switching delay requirements for serving cell as well as the related delay requirements based on the agreed WF [1] from RAN4#90bis. We propose:
Definition of known/unknown TCI state:
1. Known TCI state conditions is based on the UE L1-RSRP reporting periodicity.
1. Known TCI state conditions is applicable for all UE power class types.
MAC CE based TCI state switch for PDCCH:
The switching delay for an unknown PDCCH TCI state is one occasion of L1-RSRP.
the PDCCH TCI switch delay is applicable for all UE power class types.
DCI based TCI state switch for PDSCH:
The DCI based TCI state switch for PDSCH applies for all UE power class types.
At least for device types PC2 -PC4 there is no restrictions on the MCS used for the new PDSCH TCI state.
No restrictions in the MCS used for the new PDSCH TCI state for PC1 device type.
Requirements for RRC based TCI state switch:
RRC configured TCI state switch delay is defined as TTCI_Delay_RRC = TRRC_delay + 3  + 1.
Interruption due to TCI state switch:
No interruption due to RRC based TCI state switch is defined.
Requirement for MAC-CE based active TCI state list activation:
MAC-CE based active TCI state list activation id defined as 3* + 1.
TCI for SCell activation:
UE shall be able to receive DL in an activated SCell after the SCell activation delay, either based on the QCL assumption with the SSB of the SCell or the applicable TCI state.
In [2] we have provided draft text proposal.
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